
UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES SRIOGE ROAD 

BETHESDA, MARYLAND 20814-4799 

November 6, 2014 

MEMORANDUM FOR o~(b)(6 ) l(b)(6) I ________________ __.. 

SUBJECT: lACUC Appro"al of Protocol - Initial Review 

The following application was reviewed and approved by the Unifonned Services 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
(IACUC) via Designaied Member Review on November 6, 2014: 

Animal Protocol Iitlet(b)(4) 
l' b)(4) I 
USUHS Protocol Number: ._l(b_)(_6l __ _ 

Expiration Date: November S, 2017 

SyPJ>Orting Grant(s) Nwnber: TBD 

Name of Principal Investigator: DrJ .... (b_)(_s) ____ _,, 

The USUHS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Nwnber is 

l(b)(6) I The lACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders, it is the 
investigator's responsibility to submit an annual review form (Form 3206A) at least 30 days in 
advance. or a new Fonn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please oontact MAJ(b)(6) Ito schedule a prew 
protocol planning meetingl(b )(6) I This meeting must ()(;(;UT to ensure animal nwnbers are 
loaded in the CART system and LAM · your needs. 

cc: 
Office of Research 

(b)(6) Ph.D. 
Cb.air. Institutional Animal 

Care and Use Comm.ittee 

DocOl 



e 
USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 
PROTOCOL NUMBER: l(b)(6) 

PROTOCOL TITLE: ._ _____ ___. 

GRANT TITLE if different from above : 
(b )( 4) 

USUHS PROJECT NUMBER: 

FUNDING AGENCY: 
l(b )( 4) 

EARLIEST ANTICIPATED FUNDING START DATE: 
j(b)(4 ) 1201 s 

epanment 

IACUC Date Stamp 

9/9/2014 
Oate 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific 
review and is consistent with good scientific research practice. 

~ 
l_I Chair j(b)(6) 

Title ""'t-e-1e-ph-o-ne __ _ 
9/9/2014 

Research Unit Chief I Dept Head Signature 
Typed Name. l(b)(6) I 

Date 

STATISTICAL REVIEW: A person knowledgeable 1n biostatistics reviewed this 
proposal to ensure that the number of an imals used is appropriate to obtain sufficient 
data and/or is not excessive. and the statistical design is appropriate for the intent of the 
st (b)(6) 

l(b)(6) S..__~~---~~--~~--
Typed Name: (b)(6) PhD 

10/16/2014 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations. 
the Attend ing Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
relieved by anesttietics or analgesics. 

(b )(6) 

USUHS Form 3206 - Revised Oc:ober 2008 
Previous versions c;re oosoJete 

LAM 
Departmeit .... llb_)_(6_) __ __, 

J O{t'.tJ('tP\'-f 
Date 



ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR: 
l<bicai I 
ANIMAL PROTOCOL TITLE: 

l(b)(4) 

GRANT TITLE lit different from above}: 
l<b )( 4) 

USUHS PROJECT NUMBER: 

CO·INVESTIGATOR(S}: 

TECJ1 NICIANS(S): 
l<b)(6) 

I. NON·TECHNICAL SYNOPSIS: 

The proper regulation of the hypothalamic-pituitary-adrenal (HPA axis is im ortant for 
optimum obysjologjcal tuqction and survivability of an individual (b)(4) 

l<b)(4) J Not only does the HPA axis control h._o_rm_o_n_a..,....I -re-s-po_n_s_e_s ,,...to 
stress, but its activity also synchronizes physiological systems with environmental cues 
and rhythms. When the HPA axis does not function appropriately and circulating 
glucocorticoid levels are inappropriate during the day, there is a correlation with the 
development of numerous physiological and psyehological disorders. These include 
metabolic disruption, cardiovascular disease, immunological variations, sleep/wake 
inefficiencies {including reduced performance in operational environments), 
neuropsychiatric disease. neurodegenerative diseases and putative increased cancer 
risks. These are all areas of significant ooncem within the military community. The goal 
of this study is to examine how circadian disruption alters the HPA axis. Specifically, we 
are interested in determining the fundamental changes that occur in the stress axis 
regulation. Despite known correlations. work environments both in the civilian world as 
well as in the military does not always allow for the optimal diurnal schedules. This study 
will tell us how changes to the daily circadian schedule may potentially have impact on 
the stress physiological systems. 

II. BACKGROUND: 
11.1. Background: 

(b )( 4) 
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(b)(4) 
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(b )( 4) 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(&) Searched: 
PubMed 

- Biomedical Research Database (BRO) 
RePORTER - The replacement for CRISP is the RePORTER 
{http://projectreporter.nih.gov/reporter .cf m) 

11.2.2. Date of Search: 

October 6, 2014 

11.2.3. Period of Search: 
No Period Restriction 

11.2,4. Key Words and Search Strategy: 

11.2.5. Results of Search: 

There are over 4000 papers that study the interaction of the stress system and the 
circadian system (context of rhythm or disruption) going back to 1966. Many of these 
studies focus on the autonomic system and the response of peripheral organs to stress 
during circadian shifts or changes. With the identification of CLOCK genes, many of 
these studies switch their focus on how str s I r · · 
periphery. (b)(4) 

(b )( 4) 

USUHS Form 3206 - Revised October :2008 
Previous ven;ions are obsolete 
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The conclusion of our literature search are: a. this is a unique a roach and b. these 
approaches will significantly advance our understanding of th (b)(4) neuronal biology 
and thus, by default our understanding of the stress system. 

A similar conclusion Is made from a review of Biomedical Research Database (BRO) and 
the RePORTER. 

(b)( 4) 

In the NIH RePORTER. a search was conducted in all dates (from 1990 onward) and 
search terms included title, abstract and terms. There were 163 "hits" representing 
approximate! 50 funded rants. All these studies examine stress in context of hormonal 
respons (b)(4) 

JJJ. OBJECTIVE\HYPOTHESIS: 
(b )( 4) 

IV. MILITARY RELEVANCE: 
When th~(b)(4 ) ldoes not function appropriately and circulatin~(b)(4 ) I 
are inappropriate in amplitude or timing, the development of numerous physiolog1cal and 
psychological disorders is facilitated. These include metabolic disruption, cardiovascular 
disease. immunological variations, sleep/wake inefficiencies (including reduced 
performance in operational environments}. neuropsychiatric disease, neurodegenerative 
diseases and putative increased cancer risks. These are all areas of significant concern 
within the military community. 

V. MATERIALS AND METHODS: 
V.1. Experimental Design and General Procedures: 

(b )( 4) 

USUHS Form 3206 -- Revised Octobor 2008 
Previous versmns are obsolete 

5 



(b )(4) 

To redtace the number of mice ,used, Experiment 1 will have 2 parts, Exp 1a and Exp 1b; 
Exp 1 a Willi only exa-mine th,e 4 week time point. Exp 1 b will follow us:> on the initial 
examination of global gene expression in Exp 1a. 

(b)(4) ~~~~~~~~~~~~~~~~~-------

USUHS Form 3206 - Revised October 2008 
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(b )( 4) 
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(b )( 4) 

V.2. Data Analvsls: 

~a. we base our numbers estimated from (b)(4) and from DrJ(b)(6) 
~experiment running RNASeq experimen s o examine g o al gene expression. 

Fo (b)(4) the number of animals per group is based on a culmination of 
ours an ot ers previous studies. Group size is determined using a statistical package. 
SPSS with an alpha= 0.05. A two tailed test with a~ill give a power of 0.8 to 
detect differences between group means of 1.33 sta~eviations or greater. The 
differences of this magnitude has been shown in previous studies in response to 
dexamethasone suppression test and to restraint stress. The data collected for both 
experiments will be analyzed with the appropriate ANOVA followed by Fishers' LSD 
post·hoc test. 

V.3. laboratory Animals Required and Justification: 

V.3.1. Non..animal Alternatives Considered: 
This aspect of the study involvys whole animals since there are no known current cell 
models or comouter mqdels tol(b)(4) j(b)(4} J _________________ _.. 

V.3.2. Animal Model and Snecies Justiflcatjon: 

USUHS Form 3206 - Revised October 200& 
Previous versions are obsOlete 
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(b ){ 4) 

\1.3.3. baboratorv Animals 

\1.3.3.1. Genus & Species: 

\1.3.3.2. Strain/Stock: 

\1.3.3.3. SourceNendor: 

\1.3.3.4. Age: 

\1.3.3.5. Weight: 

\1.3.3.6. ~: 

\1.3.3.7. Special Considerations: 

\I .3.4. Number of Animals Required {by 
Species): 

V.3.3.1. Genus & Seecies: 

\1.3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V .3.3.4. Age: 

V .3.3.5. Weig ht: 

V .3.3.6. Sex: 

USUHS Form 3206 - Revised October 2008 
Previo1Js ver5ions are obsolete 

(b )( 4) 

Species #1 
Mice 

2-8 months 

20-45 g 

Male 

r )(4) 

S~cies#3 
Mice 

(b )( 4) 

2-8 months 

20-45 g 

Female 

Sgecies#2 
Mice 

2-8 months 

20-45 g 

Male 

Species #4 
Mice 

2-8 months 

20-45 g 

Female 

9 



V.3.3.7. Speclal Considerations: 

V.3.4. Number of Animals Required (by l(b)(4) 
Species): ....__ _______ ___,, 

V.3.5. Refinement. Reduction. Replacement (3 Rs): 

V.3.5.1. Refinement: 

V.3.5.2. Reduction: 

V.3.5.3. Replacement: 

V.4. Technlcal Methods: 

Mice will be handled at least 3-4 times a week to reduce 
stress during experimentation. In addition, mice will be 
handled at approximately the same time each day. For 
terminal experiments. the mice will be anesthetized prior 
to euthanizing. Refinements considered but not used: 
adjusted early end-point, unless the animals become ill. 
Under that circumstance, the animals will be euthanized. 
The decision to euthanize the sick mouse will be in 
consultation with the Pl and the Veterinarian. 
(b )( 4) 

In experiment 1, we designed the experiment into 2 parts 
to significantly reduce the number of mice used. If we 
utilize the original 2x2;2xJx3 (48 total treatment groups), 
we will utilize a total o mice. By designing the J.~)(~L 
experiment into 2 parts, we reduced the numbers toO .(b)(4). 
In addition. we will conduct the studies using a latin 
square design where once statistical difference is 
achieved. we can stop the experiment. This allows us to 
use the minimum number of mice possible to still oe 
statistically significant. In addition. every effort has also 
been made to use every tissue part for the current and 
other studies without compromising the integrity of the 
experimental design and for not compromising data 
analysis. We will not use any more animals than needed. 

At this time, it is not possible yet to study the impact of the 
the environment on the animal's stress axis. It is possible 
that in the future. when more information has been 
garnered, that we would be able to test behavioral 
responses, endocrine responses or other physiological 
responses using computer modeling. 

V.4.1. Pain I Distress Assessment: 

USUHS Form 3206 - Revised October 2008 
Previous versions are obso!ete 
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V.4. 1.1. APHIS Form 7023 lfllformation: 

V.4.1 .1.1. Number of AAimats,~ 

V.4,.1.1.1.1. Coturnn C~ 
V.4" 1.1.1 .2. Column_O: 
V.4" 1.1.1.l. Column E: 

V.4 .. 1.2. Parin 8elieJJJPreve_rttion: 

V.4. 1.2.1. AnestlilesiaJAnalgesia!Trang.uilii:ation: 
Carbon dioxide (for deep anesthesia). 
The mice will be deep'ly anesthetized by C02 prior to decapitation. These will 
utilize the C02 chambers available at DLAM. According to the SOP attached to 
the OLAM C02 chambers. the mice will be in standard mouse cages (SL volume) 
where the flow rate will displace 20% of the chamber volume per minute by 
introducing 100% C02. This translates to 1 L per minute. Deep anesthesia is 
tested with toe pinch - a lack of response indicated deep anesthesia. j(b)(4) 

l(b)(4) 

V.4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: 
Not applicable. 

V.4.1.2.3. Paralytics: NA 

V.4.1.3. Lit:eratu_re Search for Alternatives to Painful or Distressful ProceclurQ.s: 

V.4.1.3.1. Sources Searched: 
MEDLllNE. AGRICOLA 

V.4.1.3.2. Date of Search: 
October 16. 2014 

V.4.1.3.3. Period of S_ear,ch: 
1968 to present 

V.4.1.3.4. Key Words of Search: 
Arnimal. pain, surgery, analgesia, miee ..... l (b_)_{4_) ________ _. 

V.4.1.3.5. Results of Search: 
Animal studies are needed to further test the physiological and behavioral 
significance of any result procured f rom cell culture stud1es. There are no 

USUHS Form 3206- ReV1sed October 2000 
Previous versions are obsolete 
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alternatives cell or computer modeling) to study the effect of ..... l (b_)(_4_) __ _, 
(b)(4) a complex stress system that is regu lated by feedback 
and through cellular connectivity. The methods desaibed in this proposal are 
standard procedures that have been used for many decades and have been 
translated eventually to human studies and drug development. 
Based on a literature search: 
1. the proposed research is not duplicative of research which has already 

been done; 
2. Alternatives to the use of procedures that may cause more than 

momentary or slight pain or distress are not appropriate or available. This 
is to establish an animal model for studying how changes in the circadian 
rhythm may alter the stress system. The 20 min restraint stress is a 
commonly used model to test the responsiveness of thel,,.;.(b""")"""(4""")-------J 

l<bl(4l I 
3. We have proposed to utilize the appropriate pain management methods in 

the protocols. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: NA 

V.4.2. Prolonged Restraint: Not applicable 

V.4.3. Surgerv: Not applicable 

V.4.3.1. Pre-surgical Provisions: NA 

V.4.3.2. Procedure: NA 

V.4.3.3. Post-surgical Pro\lisions: NA 

V.4.3.4. Location: NA 

V.4.3.S. Surgeon: NA 
V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1. Procedures: NA 

V.4.3.6.2. Scientific Justification: 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: 

V.4.4.2. Biosamples: 

V.4.4.3. Adiuvants: 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

Entire organs will be harvested during routine 
necropsy - brain. pituitary, liver, uterus. 
Maximum obtainable trunk blood will be obtained 
after euthanasia. 

Not applicable 
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\1.4.4.4. Monoclonal Antibody (MAbsl Production: NA 

\1.4.4.5. Anjmal Identification: 

\1.4.4.6. Behavioral Studies: 

\1.4.4.7. Other Procedures: 

V.4.4.8. Tissue Sharing: 

V.4.5. Study Endpoint: 

USUHS Fomi 3206- Revised October 2008 
Previous ver.;ions are ollSolete 

The animals will be identified on the cage card and 
when group housed, they will be identified by a 
non-toxic marker on the tail . 

Not applicable 

Daily vaginal lavage will be conducted using a wj" 
established method described in l(b )( 4) 
l(b)(4) ) This is a non
invasive method to stage the estrous cycle. An 
exception is to use sterile physiological saline as 
opposed to ddH20. Daily lavages will be 
conducted for at least 2 consecutive estrous cycles. 
No anesthesia is required. 

Briefly, the mouse is firmly grasp by the tail to 
expose the rear end. The vagina is gently perfused 
by gently placing about 50 ul physiological saline at 
the opening of the vaginal canal. Draw the sahne 
back into the tip . Repeat 4-5 times using the same 
tip. Place the fluid on a giass slide for analysis. 

Yes. Excess tissues will be made available to 
other investigators upon request. 

Based on the respective time...points as described 
in Exp 1 and 2, animals will be euthanized by deep 
carbon dioxide anesthesia followed by decapitation 
(Exp 1) or deep carbon dioxide anesthesia followed 
transcardiac perfusion by physiological saline and 
buffered 4% paraformaldehyde (Exp2). 

Any mouse that becomes ill. shows a greater than 
20% weight loss, becomes lethargic, dehydrated, 
unkempt, or shows any other clinical signs of a 
medical problem will be evaluated by the 
veterinarian and Pl (when available). In the event 
of a debilitating illness or adverse reaction, the Pl 
and the veterinarian will consult on a course of 
treatment. Mice may be euthani2ed for humane 
reasons at the discretion of the veterinarian, but 
attempts to contact the Pl will be made before the 
mouse is euthanized. 

13 



V.4.6. Euthanasia: 

V.5. Veterinary Care: 

All animals will be euthanized by C02 anesthesia 
followed by decapitation or cardiac perfused with 
physiological saline and buffered 4% 
paraf onnaldehyde. The mice will be deeply 
anesthetized by C02 prior to decapitation. These will 
utilize the CO: chambers available at DLAM. 
According to the SOP attached to the DLAM C02 
chambers, the mice will be 1n standard mouse cages 
(5l volume) where the flow rate will displace 20% of 
the chamber volume per minute by introducing 100°/1) 
C02. This translates to 1 L per minute. Deep 
anesthesia is tested with toe pinch - a lack of 
response indicated deep anesthesia. In Exp 1. the 
mice will be decapitated and in Exp 2. the mice will be 
pericardially perfused. 

Briefly, Perfusion will be conducted using standard 
methods (eg. described in 
http://www.ebiomethods.com/methods/mou seperf u 
sion) utilizing a butterly needle (26G) and the 
sequential perfusion with physiological saline 
(approximately 20 ml) and buffered 
paraformaldehyde {approximately 100 mt). C02 
anesthesia will be conducted according to USU 
Policy 013, WRodent Anesthesia with C02 prior to 
Euthanasia". 

V.5.1. Husbandrv Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. Routine cage changes will be conducted by the Pl's laboratory staff. 

V.5.1.1. Study Room: 
Building(s) :1(b=)(=6)==---- Room Number(s)'-l (b-)(_

6
) ____ __, 

l(b)(G) I 
V.5.1.2. 
SReclal Husbandry Provisions: 

Mice will be house in separate rooms with special light cycles according to the 
experi~ design. It is requested that the mice be placed in: 

i. ~:D cycle, or 

USUHS Form 3206 - Rellised October 2008 
Previous versions are obsolete 
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ii. [(5}{4r)L:D cycle. 
l(b)(4) 

Food Restriction: Yes No x 

Fluid Restriction: Yes No x 
V.5.1.3. Exceptions; 

V.5.2. Veterinary Medical Care: 

V.S.2.1. Routine Veterinary Medical Care: 
Mice will be observed at least once dally by LAM personnel and by investigative staff. 
Mice will be weighed regular1y by investigative personnel. Any mice that becomes ill. 
shows a greater than 20% weight loss by visual appraisal and by additional weighing if 
necessary, becomes lethargic, dehydrated, unkempt, or shows any other clinical signs 
of a medical problem will be evaluated by the veterinarian and Pl (when available). In 
the event of a debilitating the Pl and the veterinarian will consult on a course of 
treatment. Mice may be euthanized for humane reasons at the discretion of the 
veterinarian, but attempts to contact the Pl will be made before the mouse is 
euthanized. 

V.5.2.2. Emergencv Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians. one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this protocol 
will be proVided with routine environmental enrichment In accordance with LAM SOPs 
and IACUC Policies. 

Mice will be group housed (up to 4 mice per cage) for both male and female mice and all 
Enrichment Strategies will be conducted in accordance to USU Policy 008 (Laboratory 
Animal Exercise and Environmental Enrichment Program). The mice will be give 
nestlets as enrichment (Section F under Environmental Enrichment). 

V.5.3.2. Enrichment Restrictions: NA 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAJNING 
Protocol activity or 
procedure (e.g .. tail Name of person 

vein injections, performing activity 
euthanasia l 

Basic TrainlnQ (b )(6) 

USUHS form 3206 - Revised October 2008 
Previous versions are obsolete 

Qualiflcat!ons of person Specific training in this 
performing activity (e.g., activity or procedure {e.g .. 

research technician, 2 yrs rodent handling class, 
experience) 1999) 

Greater ~b..§~10 years l(b )(6) 
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Course 

(b )(6) 

Euthanasia 

CITI TraininQ 

Basic Training 
Course 

Injections 

CITI Trainino 

Basic Training 
Course 

Euthanasia 

Injections 

CITI TralninQ 

Basic Training 
Course 

USUHS Fonn 3206 - Rel.Osed Ocloeer ?008 
Prevo.is versions are obSOlete 

Greater than 20 years 

Completed 

4 years 

4 years 

Completed 

10 years 

10 years 

10 years 

Completed 

2 years 

Rodent Handling 
Course lTauQht by Dr. 
(b)(6) 

USUHS fnves11galor 
Training (between 
January and June, 
2001) 

(b)(6) l 
Euthanasia Course 
fT~u111ht bv Dr.llb)(6) 

(b)(6) IDVM, PhD) 
(b)(6) jUSUHS 

I 

tumanasia Training 
Course (I don't 
remember the exact 
date) 
9/10/2014 
DLAM Investigator 
Training Course 
{Q/?(1 1~\ 
(b)(S) 

DLAM Rodent 
Handling Course 
(9/2011) 
5/9/2014 
DLAM Investigator 
Training Course and 
Rodent Handling 
Course (6/2004) 
DLAM Euthanasia 
Course (we do not 
remember the exact 
date) 
DLAM Rodent 
Handling Course 
(612004 )10rl(b)(6) I 
9/11/2014 
DLAM Investigator 
Training Course and 
Rodent HandlinQ 
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Course (March 2012) 
DLAM Rodent 

Euthanasia 
(b )(6) 

2 years 
Handling Course 
(March 2012)/0r. l(b)(S) I 
SuQervision 
DLAM Rodent 

Injections 2 years Handling Course 
(March 2012)/Dr.~ 

GITI Training Completed 9/16/2014 
DLAM Investigator 

Basic Training 
Training Course (2002 

Course Greater than 10 years - unfortunately we do 
not remember the 
month) 
DLAM Rodent 
Handling Course 

Euthanasia Greater than 10 years (2002 - unfortunately 
we do not remember 
the month) 
DLAM Rodent 
Handling Course 

Injections Greater than 10 years (2002 - unfortunately 
we do not remember 
the month) 

CITI TraininQ I In progress 

VII. BIOHAZARDS/SAFETY: 
When handling animals all personnel will wear personal protective equipment including 
lab coats, face masks and gloves to minimize exposure to rodent allergens. The 
personnel will also .annually 1Jisit the nurse to discuss their needs. 
All perfusions with a paraformaldehyde-based buffer will be conducted to minimize 
exposure to vapors. Precautions include personnel wearing gloves. lab coats and face 
masks to pro~ect from noxious fumes and perfwsions be conducted in a fume hood or a 
ventilated table (DLAM necropsy room). 

USUHS Form 3206 - Revised October 2008 
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(b}(4) 
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IX. ASSURANCES: 

As the Principal Investigator en this protocol, I acknowledge my responsibilities and 
provide assurances for the following : 

A. Animal Use: The animals authorized for use in this protocol wil l be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith ettort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used " 

D. Biohaz:ard\Safaty: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, blosafety. recombinant issues. and so forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be caused 
to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USU HS Investigator/Animal User 

rT::neopar ~~·~t=tgnato~ -oa-te ___ _ 

G. Training: The following personnel will attend the next USU HS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure that 
all individuals associated with this project will demonstrate a concern for the health. 
comfort, welfare. and well-being of the research animals. Additionally , I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely. 
"Res onsibilit "for im entin animal use alternatives where feasible and conducting 
hum (b)(6) 

I. 

USUHS Form 3206 - Elevised October 2006 
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I am conducting biomedical experiments which may po1entially cause more than 
momentary or slight pam or distress to animals. This potential pain and/or distress WILL 
or W1ILL NOl be relieved with the use of anesthetics, analgesics and/or tranquilizers I 
lhave considered a~ternatives to such procedures; however. using the methods and 
sources described in the protocol , I have determined that alternative procedures are not 
avai1la , ; · , is proposed experiment. 

(b )(6) 

USUHS Form 3206 - Revised October :iooe 
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X. PROTOCOL ABSTRACT: 

A. 

B. 

c. 

0. 

E. 

F. 
(b)(4) 

G. 

l<b )( 4) 

Animal Protocol Number: 

Animal Protocol Title: 
l(b)(4) 

Principal Investigator: 
l(b )(6) I 
Performing Organization: 
Uniformed Services University 

Funding: 
The funding agency requires IACUC approval with grant submission. 

Oblective and AoDroach: 

lnde>elng Terms (Descriptors): 
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UNilFIORMEQ SERViC~s UNIVE'RSliY or= i HE HEAL TH SCiENCES 
4301 JONes BRIDGE ROAD 

BETl"ll~:soA, MARYLAND 20814-4799 

June 3. 2016 

MEMO~Nou~ roR_r)Rj(b)(6l I DEPARTMENT oF ousr rn1ucs AND 
GYNECOLOGY ..__ _ __ __. 

SUBJECT: IAC'UC Approval of Prbtoool - Initial Review 

The following application was 111.:vkwcd raind approved by the Unifonncd Services 
Liniversi1y ofth~ HeaHb Sciences (1JSUHS) Institutional Animal Care und llsc Cnmmittcc 
{I ACUC) via Designated Member Review ·on J unc 3, 20 Io: 

Tille of Applk atiorTb)(4) 
l(b)(4) 

USLJ J-18 r>rotncol Number: ... 1(6_)(_6_) ___ _, 

.I uni! 2, :!019 

Supportin1g Gra:nt(s) Numbe.rJ(b)(S) 

,Namti •Ofl1rind p&l lnvcsti.g'atM: Dd._(_b )_(6_) ___ _,, 

The USUHS has fill Aairnal Welfare Assurance on file with tne Office for Laboratory 
Animal Welfa.r1J (OLA W). National l'nstitutcs or Health (NIH}. The Assurance Numher is 
A344J~ .. Ol. Thi! IACUC appmvcd the.) above rcforenced application as submiued. 

An -annual review is required for each of the three years of this protocol. This review 
.must be complettd by the anniversary date of the protocol. If work is to be continued past the 
expiration date. o. triennlal review am.J.i;t be co:mpJctcd prior to tbc expiration date in order for 
work to be uniaicrruptcd, Protocol expiration dates may not be extended. :md no animal work 
may be ·done withou'il an t(pproved protocol. Although the IACUC may send reminders, it is the 
investigator's responsihllity to submit an annual review fonn (Form 3206A) at \Jeast 30 days in 
advance, or a new Form 3206 fot triennial review at least 60 days in advance of expiration. 

Prior lo placing your first anim.aJ order, please contact MAJl(b)(6) Ito schedule a pre. 
protocol plannfr1g 1r1ecti~ngl{b )(6 ) .1 This meeting must occur to ensure animal numbers arc 
foaded in lhe CART system and L.r\M resources are available to meet your needs. 

cc: 
Office of Research 

{b )(6) 

l(b)(6) I !Ph.D. 
Chair, 1nst1tutiona1 Animal 

Care and Use Committee 
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USUHS FORM 3200 A'HIMAL STUDY PROPOSAL 
!PROTOCOL COVER (b)(S) 

PR . TOCOljjU_MBEL 

1PR0TogoL JnLE: l(b)(4) 
l<b){4) I ...___============~ 
GRANT TITLE (if diffel"8nUrom abov1t): ICb )( 4) l<b)(4) I ...._ _ _______ ...... 
USUHS PROJECT NVMEIERIDAI GftMT NUMBEBTb)(S) 

f UNPfNG A0ENCV:l(b)(4) I _____ ___, 
(EARLi§.sT JHmG•IPATiD FUNPIMG $'fMT QA'Jt:Ll.!(b;J..).i..;{4"-) ............. 

GA1 · , • (b)(6) 

2/151'2016 
lee/I.ab el1phom1 Date 

stiE.~'fLELC ~·EVJEW: This an1ma1 use µropaial received ipproptiate peer st1entlric review 
'ind Is consistent With good sclentiflc r·ese iifth 1pract1te. 

HbH6> 
TelephQne 

6) 

2/1512016 
Oate 

2/1_§(.ZQ16 
Datt 

A'TTeNDtNG VJTIRIHAR~AN In afZW·danre will\ il'le Animal Wellfate Regt.Jlahons. the 
Attending Vete~lnarialil was oonsulted ln me plam,og of procedurt!s il.M rtwmlpullli1ons that may 
eatsse mof\e rnan ·sl\gfll or IM.ffienlary pain Of aistre:s'-. even if ~e~eveo by a~the!ics or 
tinalgll51es. All signa1!Jrn 11re ri8Qoired ptiOI' to 'IUl>ffiin1on to tl:le IACUG Office. 

lAM 
Attend1n0/Consuiting \/etennanan Signature- Oepanment Tete~ne 
Pnntect Neme 

'USUH$ F§liii nos - R•~IMd J•,.,•<v lOHI 
,Pr.vloue W>t'WfO"'* •re obtoeec. 
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(b)(6) 

Usuws FOfiM ti206 ANIMAb STIJDY PROPOSAL 
Pf'o'fOCOI.. etrvER SHfE.T 

~CQUIJ.Mr.reR; 

,;:EJl1'.lE:l(b )(4) 

cAAH7 mu nr il!U•rtnt f@l ill.~'til4( b )( 4) kb.lHl I ............. ________ __, 

US\JHS PROJECT N~;iW WNT NVMBEB: I( b )( 6) 
EUt4llNG.AGErtc;t;l(b)(4) I ______ ___, 

fi!BL'lW<!NJla!MXg:~~~ .... (b_)(_4_) -~ 
b 6 __ _ 

SOEHIIFJC B!MEW: 'Thli n1ltl 11ii plcipotil ,ieer...<1 appropriate pe•r aae111111c: r•~lew 
• 11'1 la C<lneiatenl With good 1denUflc l'ilMofi:ti p.:Uca 

~~)(6) 

b 6 

moao1q 
Dell 

~MO!HO YETEBINARIAH' fr, 11ei;cJf~ill>e<l wdh 1he Ano~l•I Wulli110 ll<1ijuiwlluna, ll1e 
Mending Vetelit1i riiin wiii oonaonod In 11\o i>liiliffiill of pc~ct!dilfl!ll an~ niinlf;luliillciii lh~I m*f 
Clluon mme tn•11 •ll\lhl iJi' iilomef'i4ilr)< puln gr diGt1 .. u , ovon W 1olleveli by liii•~\hollr.. or 
unoltjoiilc.;. l\1•11luiillhlret atti requlrlliU p1Jur l•aubrnln\on lo lni IACIJC Q!llot . 

UtUcti f9f!"nl;ioe-"•""'-4 JJlflU•ry10\W 
PiWt1W•V•.._•t•~•.Ct1• 
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USUHS FORM 3206 ANIMAL STUDY PROPOSAL 
PROTOClJL COVER SHEET 

PIROTOCOL NUMBER: 

PROTOCOi.. TITtE: l(b)(4) 
l(b)(4) I ......__ ________________ _. 

GRANT TITLE Of dififere,nt from above}: l(b)(4) 
((b)(4) I ------------
usUHS_F_R_a_J_c_e_r NUMBER/ DAI G_RAMT_NUMStER~ ._l(b_)(6_) -----

FUNDING AGENCY: ( .... <b_J<4_l ___ _, 

E_ARLIEST ANTICIPATED FUNDING START DATE: _l<b_><4_> __ _ 

PRINCIPAL INVESTIGAT10R: l .... <b_J(6_l ___ __, 

2/15/2016 
Principal Investigator Signature epartment elepnone Date 

SC llENTIFlC. RE\fli:W: This animal use proposal received appropriate peer scientific review 
and is consistent with good scientific research practice .. 

Chair 
Research Unit Chi)fl pept Head :Sipnature 
Typed Name: co11(b)(6) I -----

Title 

l<b )(6) 

Telepnone 
2/15/2016 
Date 

S_TA]"_l$T_ICAL_ R_E~IEW: A person knowledgeable in biostatistics reviewed this proposal to 
ensure that lthe number of 'animals used is appropriate to obtain sufficient data and/or is not 
excessive. and the statistical design is appropriate for the intent of the study. 

Statistician SiijCature 
Typed Name: l (b)(6) ,__ ____ _. 

OBG l<b)(6) 

Department Telephone 
2/15/2016 
Date 

ATTENDING VETERl_N_A_RIAN_: In accordance with the Animal Welfare Regulations, the 
Attending Veierinariarn was consulted in th,e planning of procedures and manipulations that may 
cause more than slight or momentary pain or distress. even if relieved by anesthetics or 
analgesics. 1All signatures are required prior to submission to the IACUC Office. 

Attending/Consulting Veterinacian Signature 
Printed Name: 
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The aims of the supporting grant must be submitted along with the 3206. If funding is 
from NIH please also submit the Vertebrate Animal Section (VAS). 
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ANIMAL ~ROTOCOL NUMBER: 

MINC_lf!AL IJ~\tESIIGATOR: _l(b_)(6_l __ ___, 

PRl~CJP~L lf-JVJ;$_TLGATO__B_EMAIL: lfb)(6) 

ANIMAL PROlOCOL TITl..J:!:l(b)(4) 
l<b)(4) I ------------------
GRANT TITl.E if different from abov~ ~ \(b)(4) 
b )( 4) ........ iiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOiiiiiiiiOi-..I 

USUHS PROJECT NUMB~R: 

DAI GRANT NUMBER; 

CQ~INVESTJGATOR(S }! 

TECMNICIANSIS)J(b)(6) 
l(b)(6) I 
I. l~ON-TECHNJCAI.. SYNOPSIS: 
The consequences of sleep loss and sleep disorders are dire. Sleep loss has been 
attributed to some of the sensational result in significant financial loss as well as Ion 
term im , act on the environment and hi.1man health (b)(4) 
(b) l , The._e_c--o-n-om ___ c_c_o...,st-is-:- -,n-t .... e-= -m .... 11-1o_n_$_ ... 

(b)(4) _ According to the CDC, "more than one-quarter of tne US 
po:pL1latlcm repo(\ oc.casional!v :ot ~ettlng enough sleep, while ne~rly 1_0% experien~e 
chroruc insomni~(b){4 ) !" It 1s weJI documented that there is a strong correlaticm 
between sleep disorders and neuropsychiatric disorders, such as post-traumatic stress 
disorder (PTSD) and depressio~ (b)(4) I the relationsnlp between sleep and 
neuropsychiat:ric disorders remain to be determined. To date, the underlying 
mechanism medlatin _ the ftransiticm to neuropsychiatric disorders ls limited.r:.!Cb...,....,l(....,..,.4)--.I_ 

(b)(4) 

11. BACKGROUND; 

11.1. Background: 

The consequences of sleep loss and sleep disorders are dire. Sleep loss has been 
attributed to some of the sensational result in significant financial loss as well as long 
t,erm im act on the environment and human healthl(b)(4) 

(b) 4) The._e_c_o-no_m_ i,....c-c-os"""'t .... is"""'i,....n..,.,th,....e- m- ill.-lo_n_s _ _, 

.......,.__ ______ According to the G , "more than one-quarter of the US 
population report occas1onall not getting enough sleep, while nearly 10% experience 
chronic incomni (b)(4) It is well documented that there is a strong correlation 
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between ~,ieep disorders and ne ~ · -_ - ~ ' · _· _ ··: __ ~ em, such as post-traumatic stress 
disorde:r (PT.SD) and depression (b)(4) the relationship between sleep and 
r:ieurop~y,chiatrric disorders remt11i'i m b~ . ~t~rm1ru~ ~. It is interastlng to note that sleep 
d!sruQ1ion (or cartlal disruotlon~ mav be a oredictor of develooino PTSD end deoression 
(b )( 4) 
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(b)(4) 

11.2. Uter~nu_re Search for DupJication: 

11.2.1. Literature SoutGe(s~ Searched; DTIC, Pubmed, RePORTER 

lt 2.2. Date of Search: February 19, 2016 

11.2.3. P~tiod of Sear~_h~ No Period Restriction 

11 •. 2.s. Results of Search: 

Pubmed · Of 2 4!)1 sh1dies published to date on sleep disruption. there are 11 that 
eve~_uatel (b )(4 J lafter Slee disru lion in clinical studies or reviews. (b)( ) 

l(b)(4) - - - ~ - -

1(b)(4) in a 
single point trepresenting the. altere homeostasis a er seep · 1srup ion or app y a stress 
to examine a behavioral or biochemical outcome,j(b)(4) I 
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The conclus~ons' of our lrterature search are: a. this is a unique approach and b .. these 
ap~roGicnes wlll significQntly advance our undersumalng of the neuro~circuit . involvin_ 
th (b)(4) n~uironml tliolc - end thus, by default our understanding of (b)(4) _____ ___, 

(b)(4) and finally, c. there is limited informetion on how sle~p 
1sr1wp ion may resu 1n • . y:m~gulated biological systems in a sex-dependent manner. 

A similar conclusion is made from a review of DTIC and the RePORTER. 

In ~he DT~C. there were 12 citations that study $leep and th~ HPA axis, There are no 
studies that examine the im -aet of slee . on the molecular corn . onents of the HPA axis 
and (b)(4) Most of the 
studies are if'I aquatic mammals or clinical studies. 

In the NIH RePORTER, a search was conducted in all dates and search terms included 
title abstract and terms, There were 17 "hits~ in which in which slee~~i~~W~L. 

) 4) ··ere mentioned In the same grant representing 7 grants. (b)(4) 

flt. OBJECT!VE\HYPOTHEStS; 

IV. MILITARY REL~VANCE: 
Do 1chan:ges in th (b)(4) ontribute to pathological conditions or do they merely 
provide evidence o· It . 1ve:n that many physiological systems are either under 
circadian input or controt this proposal reipresents a novel shift in the way one could 
look at treatment of disease and clinical dia~noses. Particularly. this proposal describes 
the mechanism(:s) where'by circadian andl(b) 4) I 

l<b)(4) !interact can lead to novel approaches to the promotion of warfighter 
r:esillienee or th~ prevention or treatment of stress-related problems. 
This project will e.xplore the newrobiological oons@qu@nces of sleep quality that result in 
long-term alteration*b){4) r.he relatl~flshlp between 
sleep disorders ·and the development of rueuro-psycholog1cai disorders ls unknown and 
there is a~so litt'le understandln- rof how sex ma · be im aotful (b)(4) 
(b){4) 

v. MATERIALS AND MerHODS; 

V .1. E,xperimental IJe:slgo_a.nd_General Pro_c_e~cluLes: 

V, 1.1. !Experiment '1: 
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(b)(4) 
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(b)(4) 
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(b)(4) 
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(b )(4) 

V.2. Data An,alysis: 
All e:x[perimems will be conducted in a block design in which animals from each 
treatment ,group will be tested. Standard statistical analyses wiil be conducted. Briefly, 
an appropriate analysis of variance (ANOVA) in a block design will be conducted that is 
specifjed in e:ach aim. For each run. we will run 2 mice per treatment group. 

(b){4) 

the number cf animalls per group 1s not only based on a culmination o ttie 
..._, 1e-r"""a-u..,.,re,....,~our experient:& and others' previous studies but also by confirming using a 

power analysis. Group size is determined using a statistical package. SPSS with an 
alpha = 0.05. A two tailed test "'Vith anf('6i(4)1..vi1J give a power of 0.8 to detect 
differences between •group means of 1':'33"St~atrd deviations or greater (for the 
molecu'lar studies). A tv.io ~ailed test with an (b)(4> will give a power of 0.8 to detect 
differences between group means of 1.33 stan ara deviations or greater (for the 
anatomical studies). The differences of this magnitude has been shown in previous 
studies in response to dexamethasone suppression test and to restraint The data 
to'lled ed for both e,xpe1riments wlll be analyzed with the appropriate ANOVA followed by 
F1ishers· LSO post-hoc test 

v ,.3.. LabQt.atorv A nimals Required and Justification: 

V,3,1. Non-animal ~JJ~tlves Cons idered: 

USUHS Form 3206 - Re11ised January 2016 
Previous versions are obsolete 

12 



This aspect of the study involves whole animals since there are no known current cell 
models or computer models to simulate sleep disruption to study the hypothalamic
pituitary-adrenal axis regulation . 

V.3.2. Animal Model and S,pecies Justification: 
We have chosen the mouse as a model for several reasons. The most important reason 
is that the mouse stress axis is well characterized. Moreover, there are numerous_ 
mouse genetic models available allowing us to test our hypothesis. (b)(4) 

(b)(4) 

(b)(4) o 1s en arr a so in response o uture po icy on me us1on of 
males and females in pre-clinical studies (Clayton and Collins, 2014), all studies in the 
present proposal willl be conducted using both adult male and female mice (1.5 - 6 
months old) . 

V.3.3. Laboratory Animals 

ALTERNATIVES CONSIDERATIONS: Does the protocol have any provisions that 
would qua1ify it to be identified as one that Refines, Reduces. or Replaces (3R's) the 
use of animals in relatiion to other protocols or procedures performed in the past? 

YES 

SECTION V.3.5. 

Exceptions to the Guide for the Care and Use of laboratory Animals (Please check 
all applicable): 

() Use of Paralytics (V.4.1.2.3.) 
(}Prolonged Restiraint (V.4.2.) 
[]Multiple Major Survival Surgery (V.4.3.6.) 
I] llse of Non-pharmaceutical grade chemicals (V.4.4.1.) 
[] Use of Complete Freund's Adjuvant (V.4.4.3.) 
[) Death as an endpoint (V.4.5.) 
[) FoodN\/ater Restriction (V.5.1 .2. 
[] Single Housing of Social Species (V.5.1.3) 
l) Restriction of Environmental EMichment (V.5.3.2.) 
[ ] Drug Use/Controlled Substances (Appendix A) 

IDENTIFICATION OF SPECIES AND STRAIN: In accounting for animal numbers, 
please ensure that the strain of animal as well as the species is identified If more than 
one strain of any species will be used, please list each proposed strain in a separate 
column. If more than two species/strains are to be used, duplicate Sections V.3.3.1 -
V. 3.4 , and Section V.4.1.1.1, on subsequent pages to cover all requested strains. 
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V.3.3.1. Genus & Seecies: 

V.3.3.2. Strain/Stock: 

V.3.3.3. SourceN,endor: 

V.3.3.4. Age: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. 'Special Considerations: 

V.3.4. tiumber of Animals Re_guired (by 
Srpecies): 

V.3.3.1. Genus & Se._ecies: 

V.3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V.3.3.4. Age: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. SJ>~cial Considerations: 

V.3.4. Number of Animals Required (by 
Species): 

V.3.3.1 . Gepus & S~cies : 

V.3.3.2. Strain/Stock: 

V .3.3.3. SourceNendor: 

USUHS Form 3206 - Revised January 2016 
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Mus musculus 

(b)(4) 

2- 8 months 

20-45 g 

Male 

NIA. 

l(b)(4) 

Seecies #3 
Mus muscuf us 

(b)(4) 

2 - 8 months 

20-45 g 

Male 

N/A 

Species #5 
Mus musculus 

Mus musculus 

2 -8 months 

20-45 g 

Female 

NIA 

Species #4 
Mus musculus 

2 - 8 months 

20-45 g 

Female 

NIA 
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V.3.3.4. Age: 2- 8 months 

V.3.3.5. Weigb't: 20-45 g 

V.3.3.6. SJ~~: Malo 

V.3.3.7. Special ConsideraJiQ!}_s; N/A 

V.3.4. Number Of Animals Required (by 
Species): EJ 
V.3.5. Refinement. Re_dllcttQrt...BeRlacement (3 R~ ): 

v .3.5.1, IRefioement: 

V.3.5.2. Reduction: 

v .3.5.3. Replacement: 

V.4. TechnicaLMejh_o_d_s_: 

Mice will be handled at least 3~4 times a weeK to reduce 
stress during experimentation. In addition, mice will be 
handled at approximately the same time each day. For 
terminal e)(periments, the mice will be anesthetized prior 
to euthanlzing. Refinements consitteretl but not used: 
adjusted early end-point. unless the animals become ill. 
Under that circumstance. the animals will be euthanized. 
The decision to euthanize the sick mouse will be in 
consultation with the Pl and the Veterinarian. 
(b)(4) 

We will conduct the studies using a factorial design 
where once statistical difference is achieved. we can stop 
the experiment. This allows us to use the minimum 
number of mice possible to still be statistically significant. 
In addition. every effort has also been made to use every 
tissue part for the current and other studies without 
compromising the integrity of the e)(perimental design 
and for not compromising data analysis. We will not use 
any more animals than needed. 

At this time, it is not possible ye to stud the impact of 
the environment on the animal' (b)(4) It ls 
possible that in the future, when more in ormation has 
been garnered, that we would be able to test behavioral 
responses . endocrine responses or other physiological 
responses using computer modeling. 

V.4.1. Pain I Distress Assessment! 
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V.4.1.1.1 . Number of Animals; 

V.4.1.1.1.1. Collumn c ~ 

V.4.1.1.1.2. Column O: 

V.4.1.1.1.3. Co~lJmn E: 

Sp_ecies: (b)(4) 

V.4.1.2. 1. Ane_$thJ!_sja/Ao_alq~_s1aLT_r_aJt-9JJJJJzatlctn: 
Carbon dioxide (for deep anesthesia). 
The mice will be deeply anesthetiz,ed by C02 prior to decapitation or perfusiort These will 
utiHze the G02 chambers available at LAM, According to the SOP attached to the LAM 
C02 chambers. the mice will be in standard mouse cages (5L volume) Where the flow rate 
wm displace 20% of the chamber volume per minute by introducing 100% C02. This 
translates 'to 1 L per minute. Deep anesthesia Is tested with toe pinch - a lack of response 
indicated deep anesthesia. In Exp 1, the rnice will be decapitated and in Exp 2, the mice 
wm [be pericardially perlfused. 

V .4.1.2.2. Pre- 1and Post-procedural (not surgery) Provisions: 
Not applicable. 

v .4.1.2.3. Paralytics: 
Not appllicable. 

V.4.1 .3.1. sources Searrche_d: 
MEDLINE, AGRICOLA 

V.4.1.3.2. Date of Search: 
February 25, 2016 

V.4.1.3.3. Period of Search: 
'1968 to present 

V.4.1.3.4. Key Words of Search: ~~""'""""-----. 
Animal, pain, surgery, analgesia, mice~ .... (b-J(_4) ____ __ 

V.4.1.3.5. Results of Search~ 
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Animal studies are needed to further test the physiological and behavioral 
sig1nificance of any result procured from cell culture studies. There are no 
alternatives (cell o:r computer modelin to study the effect of changes in 
circadian rhythms on a comple b (4) ystem that is regulated by feedback 
and through celllular connectivity. irlhe methods described in this proposal are 
standard procedures that have been used for many decades and have been 
translated eventually to human studies and drug development. 
Based on a literature search: 
1. the proposed research is not duplicative of research which has already 

been done; 
2. Alternatives to the use of procedures that may cause mote than 

momentary or slight pain or distress are not appro riate or available . This 
is to establish an animal model for stud ·in . how (b)(4) 
alterr thel(b)(4) lsy-stem. Tne 20 m in (b)(4) -----~--
test the res onsiveness of (b)(4) {b)(4) ...__ _____________ ..... 

3. We have proposed to utilize the appropriate pain management methods in 
the protocols. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
Not applicable 

V .4.2. Prolonged Re.straint; 
Not applicable 

V .4.3. Surgerv: 
Not applicable 

V .4.3.1. Pre-.suJCQital Provisions~ 

V.4.3.3. .Po:st~siutgical Provisions: 

V.4.3.4. ,Location: 

V,.4.3.5. SJ.1!31~.fill: 

V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6! 1. Procedures: 

V.4.3.6.2. Scientific JustmcaUon: 

V.4.4. An~mal ManiRulatb:m_~: 

V.4.4.1. l1njections: 
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(b)(4) 

V.4.4.2. Biosampl~s~ 

V.4.4.3. Aidiiuvants: 

· DEX:·Cluglkg, s.c.: Water soluble DEX is 
disso~ in saline) or no DEX (vehicle= saline. 
s.c.) with a needle size range between 22-25 
gauge. Up to 2 ml wlll be administefed. 

Entire or;gans will be harvested during routine 
necropsy - brain, pitu itary. liver, uterus. 
Maximum obtainable trunk olood will be obtained 
after euthanasia. 

Not applicable 

V,.4.4.5. AnimJI ldentifieation: The animals will be identified on the cage card and 
when group housed, they will be identified by a 
non-toxic marker on the tail. 

\1.4.4.6. Behavioral Studies; 
{b) 4) wiU be ust!d to \!valuate anxiety-like bchnviors 
(b )( 4) 

Animals will be place in an o :ien field envimnm.e.nt 40 cm x 40 c:m) nnd 
........,.,........,..,,..,...... __ ,....,.reelv for u ro one hour {b)(4) 

(b){4) ese measures a 
locornotion and ru:ix1ety-h e s1.ale o the rodents. 
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l(b)(4J 

V~4.4.7. Other Procedur~s: 

1. Daily v~. lnal lava. e wiill be conducted usin~ a well-establi$h~d method described 
b)(4) This is a non·invasive method 
o stage t e es rows eye e. ai y vagmal lavag@ at least 1-2 weeks is needed to 

detem11ine the stage of the estrous cycle) is conducted to understand which stage 
of the estrous cycle the mice were tested on and when samples are collected. 
Because cf the significant hormonal fluctuations throughout the estrous cycle and 
the im~act these ovarian steroids have the HPA axis, this method wili be used to 
monitor estrous cycle stage. 
An exception is to use sterile physiological saline as opposed to ddl-faO. Daily 
lava,ges will be conducted for at least 2 consecutive estrous cycles. No 
,anesthesia is requ ired . Briefly, the mouse is firmly grasped by the tail to expose 
the rear end. The vagina is gently 
1Perfused by gently placing about 50 ul 
physiological saline at the opening of 
th€:i vaginal canal. Draw the saline 
back into the tip. Repeat 4.5 times 
usin·g the same tip. Place the fluid cm 
a glass slide for analysis. 

2. Restraint f he rmice will be restrained 
for .20 miin and euthanized 10 or 60 
mirnutes after the end of the restraint. 
Mice will be restrained using a ___ 
st-andard ple)(ig lass restrainer (b)(4) 

(b)( 4) 
Multiple platform method to induce 
sleep disruption. The image above i 
an image for rats. The modification is 
described in the text. 

The mice in these restrainers will be awake. t.manesthetized 
...,a,....,,n,.....,.....,w"""· ""1 ..,,_,.,,,a.,...,.ve"""- ""'n=o-=o~er .Procedures conducted on them during this_" .... 2 .... 0-..... m_i_n __ __,, 
transie_ntrestcaioLJ3e_s_tr_ainLwJILb_e_1_cmid_u.cted_in_a_LAMJacilL' _. (b)(4) 
(b)(4) 

3. Transient sleep disruption. We wi111 utilize tne well-established multi le · 1atform 
method used to induoe s'leep disruption ( ) ) 
{b )( 4) 

Experiment groups will eomrpMse of 3-5 mice per run. All mice will be 
"""r_o_m __ t.,...e-· -'same ca,ge. Mice will be able to move around the container by leaping 
!between platforms. 
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Briefly, mice wilt be placed on platforms that are submerged in approximately 1 
cm of water during the light hours. Each platform is 3 cm in diameter with each 
mice having access to the platforms (up to 12 platforms per container, 3 cm in 
diameter each). Mice allocated to receive the sleep disruption treatment will be 
acclimated in the chambers for 1 h/day for up to 3 days prior to testing during the 
active circadian phase. On day of testing, the mice will be placed onto the 3-cm 
platforms that are Immersed in water with 1 cm below the surface. Actual testing 
will occur during the light hours ( 12 h) for the mice (inactive period) for up to 3 
days. To maintain the water temperature (70-76 F), a water-submersible 
heater(s) will be placed in the tank. Water temperature will be checked during the 
testing to ensure the stability of temperature. The water tank will be located in a 
procedure room in DLAM. Each day of treatment is equivalent to a bad night of 
sleep. Mice will be able to move around the container by leaping between 
platforms thus allowing the mice to interact with each other. This model is unique 
as it prevents stress by controlling social isolation and preserving social 
hierarchy. 

4. Handling and weighing. The mice will be handled 3-4 times a week. During 
handling, they will be weighed. 

V .4.4.8. Tissue Sharing: 

V .4.5. Study Endpoint: 

Yes. Excess tissues will be made available to 
other investigators upon request. 

Based on the respective time-points as described, animals will be euthanized by deep 
carbon dioxide anesthesia followed by decapitation (Exp 1 and 2) or deep carbon 
dioxide anesthesia followed transcardiac perfusion by physiological saline and buffered 
4% paraformaldehyde (Exp 3). 

Any mouse that becomes ill, shows a greater than 20% weight loss, becomes lethargic, 
dehydrated, unkempt, or shows any other clinical signs of a medical problem will be 
evaluated by the veterinarian and Pl (when available). In the event of a debilitating 
illness or adverse reaction, the Pl and the veterinarian will consult on a course of 
treatment. Mice may be euthanized for humane reasons at the discretion of the 
veterinarian, but attempts to contact the Pl will be made before the mouse is 
euthanized. 

V .4.6. Euthanasia: 
All animals will be euthanized by C02 anesthesia followed by decapitation or cardiac 
perfusion with physiological saline and buffered 4% paraformaldehyde. The mice will be 
deeply anesthetized by C02 prior to decapitation. These will utilize the C02 chambers 
available at LAM. According to the SOP attached to the LAM C02 chambers, the mice will 
be in standard mouse cages (SL volume) where the flow rate will displace 20% of the 
chamber volume per minute by introducing 100% C02. This translates to 1 L per minute. 
Deep anesthesia is tested with toe pinch - a lack of response indicates deep anesthesia. 
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In Exp 1 and 2, the mice will be decapitated and in Exp 3, the mice will be pericardlaHy 
perfused. 

Bfi'efly; Perfusion will be conducted usirng standard methods (eg. described in 
tnttp :/lwww.ebiomethods.com/mg,thcdstmo~perf1J.Lskm) utilizing a butterfly needle 
(26G) and the sequential perfusion with physiological saline (approximately 20 rnl) and 
buffered paraforimaldehyde (approximately 100 ml). C02 anesthesia will be conducted 
according to USIJ IACUC Policy 013, "Rodent Anesthesia with C02 prior to Euthanasia'', 

V .5. Ve:buinar:y Car~: 

V.5.1. IH.usba_ndr¥ Constder~tion~: Except as noted below, routine animal husbandry 
will be pr.ovided In aeoord.ance wiih LAM Husbandiry SOPs for each species in this 
protocoL Routine cage changes will be conducted by the Pl's laboratory staff 

V.5.1.1. Study Room: 
Building(s)'--l(b_)(_6) _ __.___ R·oom Number(s) J(b)(e) 

l(b)(6) I ...__ ____ --1 

v .5.1.2. 
Sp;_e~ial Husbandry Provisions: 

Mlce wrn be housed (b)(4) 

V .5.1.2. -Spech!I Husbandry Provisions: 

Food Restridion: Yes x No 

fluid Restriction: Yes No _....;..;x;..,__ 
V .5.1.,3. Exiof.fgtions; 

Food is re:stricted dur1ing the sleep disruption period (light hours) when mice do not 
normally eat. 

V.5.2. :Veterinary Medical C_are: 

V.5.2.1. R·outilr'ie Veterinary Medical Care: 
Mice will be ob:s·erved at least once dally by LAM personnel and by Investigative staff. 
Mice will be weighed at least 2 times a week by investigative personnel. Any mice that 
becomes ill, shows a greater than 20% weight loss by visual appraisal and by 
additional weiglhing if necessary, becomes lethar'gic, dehydrated, unkempt, or shows 
any other clinical signs of a medical problem will be evaluated by the veterinarian and 
Pl (when available). In the event of a debilitating the Pl and the veterinarian will 
consul~ •Orn a course cf treatment. Mice rnay be euthanized for humane reasons at the 
discretion o'f the veterinarian, but attempts to contact the Pl will be made before the 
mouse is euthanized. 
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V"5.2.2. ~jt_rgenri::_y Veterinary MeJiltaLCare: All emergency, weekend, and holiday 
care is prcrvijded by two animal husbandry technicians, one or more veterinary 
teclmicians. and an on-call veterinarian. Essential tlusbandry procedures and health 
rounds ate conducted by LAM personnel onoe daily during weekend ana holidays. 

V.5.3. Environroe;ua1 Enrichment: 

V.5.3.1. Enrjc:hment Strategy~ Except as indicated below, all animals on this 
protocol wm be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policie:s, 

Mice will be group housed (up to 5 mice per cage) for both male and female mice and 
all Enrichment 'Strategies will be conducted ln accordance to USU IACUC Policy 008 
(Laboratory Animal Exercise and Environmental Enrichment Pragram). The mice will be 
given nestlets only as enrichment (Section F under Environmental Enrichment). 

V"5.3.2. EnrJchment Restrictions: n/a 

VI. STUDY PERSON,NEL QUALIFICATIONS AND TRAINING: 
. - ---

'STUDY PERSONNEL <lUAUFICATIONS/TRAINING 

Protocol activity or procedure Name of person 
(e.g., tail vein injections. performing 

euthaMsia) 

Basic Trai:ning Course l(b)(6) 

Decapitation 
Cardiac peirfusion l(b)(6) 
Injections 
Vaginal lavage 
Anes~hesia monitoring 
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activity 

I 

I 

Qua1rficatio11s of 
person performing 

act1v1ty (e.g . research 
tecrinician. 2 yrs 

I< exaerience I 

1Greater than 20 
years 

Greater than 20 
years 

Specific training in this 
activity ot procedure 
{e.g .. rodent l'laM ling 

class, 1999) 

(b)(6) 

University Rodent 
Handling Course 
(Tauoht bv Dr. 

(b)(6) 

USUHS Investigator 
Training (between 
January and June. 
2001) 
(b)(6) 

t.utnanas1a 1,.,ourse 
ffa11nht hv Dr 

l(b )(6) I 
DVM, PhD)l(b)(6) I 
USUHS Euthanasia 
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CITI Training (b )(6) 

Basic Training Course 

Decapitation 
Injections 
Anesthesia Monitoring 

CITI Training 

Basic Training Course 

CITI Trainina 

Basic Training Course 

Oeoapita~ion 
Cardiac Perfusion 

Injections 

CITI Training 

Basic Training Course 

Decapitation 
Cardiac P0erfusion 

Injections 
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Com~leted 

4 years 

4 years 

Completed 

New 

In iJrogress 

1 year 

1 year 

1 year 

Completed 

1 year 

1 year 

- · 
1 year 

Training Course (I 
don't remember the 
exact date) 
9i10/2014 
lAM Investigator 

1 Training Course 
(9£2QjJ} 

l(b )(6) I 
Investigator Training 

I 

Course (9/2011)._ 
LAM Rodent 
Handling Course 
1912011} andl(b)(6) I 

l{b )(6) ~nvestigator 
Training Course 
(9/2011} 

5/9/2014 

LAM Investigator 
Training Course and 
Rodent Handlin9 
Course (5/2016) 

DLAM Investigator 
Training Course and 
Rodent Handling 
Course 
LAM Rodent 
Handling Course 

1r<-Ma~h 2012)1or. . . 
_ .J:!e§._rYISIOrr.1 .......... :;;;::::::: .. 
LAM Rodent 
Handling Course 
(MaTh 20112)/Dr. 

! ~(b){6 ) 

I 91s114 I 

I DLAM Investigator 
Training Course and 
Rodent Handling 
Course (11/5/15) 
LAM Rodent 
Handlihg Course 
( 1115/15)/Dd(b )(6) I 

I 

Super.iision 
LAM Rodent 
Handlinq Course 
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Clil Tr.ain~ng 
(b)(6) 

Basic Training Course 

Decapitation 
Cardiac pe1rfusion 
Injections 
Vaglna1 lavage 
Anesthesia monitoring 

CITI Training 

VII. BIOHAlAROS/SAFETY: 

A. ZoonotiG D'isea,se: Ni§ 
B. Safety Hazards: No 
'c. ls,oflurane: No 
D. lsofluran" Exposure! No 
E. Sharp Instruments: !No 

Completed 

Greater than 10 
years 

Greater than 10 
years 

In progress 

IF. Infectious Agents that ao not cause Zoonoses; No 
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(11/5115)/DrJ(b)(S) I 
! 10121115 

LAM I nvestigatot 
Training Course 
(2002?-
unfortunately we do 
not remember the 
month) 
LAM Rodent 
Handling Course 
(2002 -
unfortunately we do 
not remember the 
month) 

To be completed 
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vrn. ENCLOSURES: 
i=nrtosure 1 
(b)(4) 
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IX, ~XTRAllJIUAL COLLABORA'\FION; 

Not appl]e:i.blo 

As the Pfltietpal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following '. 

A. Animal iJu; The animals authbrlzed rot use In il'lls protocol wlil be used 
only in the activities and in the manner described herein , unless a modification is 
specifically approved by U1e IACUC prior to Its implementation 

B. Duplication of Effort: I have made a reasonable. good faith effort to 
ensure that !his protocol \snot an Onnecessary duplication of previous experiments 

c. Statistical Anurance: l assure that l have consulted wllh an individual 
who 'ts qualified to evaluaie the statistical design or strategy of this proposal. and that 
the "minimum number of an'1mals needed for scientific validity are used • 

b . Bi()liliz-ard\Safety; I have token into conskieration and made the proper 
coorainaUon rngardlng ail a15pilca'ole rules ai:U:I regulaliohs c0ncernli1g radiation 
proteellon, biosate·ty, recomblnanl Issues, and so forth, ln the preparation oftnls 
protocol. 

E. Training: I V~rlfy lhat !ht'! persorinel performing the ~nima l procedures I 
manlpulailons I observations described In this protocol are teehnleally e~mpetent and 
have been prop,erly trained to ensure that M \Jnnee~s~ry ~aln or distress wlii be 
caused to ·rM anitnals a~ a result of the procedures J manipulations, 

F. 'ffalr1lng: I verify that I have attended the USU HS lnvest1gator/An1mai U&er 

~ourrse 

L__J 2/2612016 

Principal I nveatlgetor Slgneture Dete 

G. Training~ The following ,personnel wlll attend the next iJSUHS 
lnvestlgator/Animal User Training Course. 

H. Responsibility: I aclmowledge the mherent moral. ethical and administrative 
obilgations associated with the performance of this animal use protocol, ancl I assure 
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that all 1nd1v1duals associated with this project w\U demonstrate a concern for the health. 
comfort, welfa re, and well-being of ihe research animals. Addillona11y, l pledge to 
conduct bnis study in the spiwii of the fourth "R" that the bOD has embraeeci, namely, 
"R1!!:spottsibintY" fot in1plemel'l11ng animal use alternatives where feasible atiEl condvcting 
numMe and lawft.111 rese~m~h . 

'

(b)(6) I 
. . 2/26/2016 

Qate 

1. Painful Proceaure1s1: 

I am conducting biomedical ex1perimenls which may potentially cause more than 
momentary or slight pain or distress to animals. This potentlal pain and/or distress 
WILL be relieved with the use of anesthel1cs. analgesics and/or tranquilizers. 1 have 
considered alternatlves Ito such prMedures; however, using the methods and sources 
described in the protocol, I have determined !hilt alternaiive p(ocedure-s are not 
available to amomollsh the objectives o.r this proposed experiment 

r )(S) r 
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Xt PROTOCOL ABSTRACT: 

A. 

B. 

c. 

0 .. 

E. 

F. 

G. 

Animal P1rotocol Number: ... l<b_)_ce_) ___ __. 

Attima! Prgtoco! Tjt!e; 

Princ•pal lnvesHgator: 
l<b)(6) I 
Perlorminq Organization: 
lJJniformed Services University 

Funding: 

Obi.ective and Approach: 

lndexi'1t9 Terms (Descr~ptors.): 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(JANUARY 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the lo/lowing animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. 11 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property (e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
cons;dered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpon other than to evaluate the protocol, without the wrltfen permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONL V 
PROTOCOL NUMBERl(b)(6) I 

Submission Date: 5/312012 2no ResubmiSsion Date: 

Fult Committee Review: 5/31l2D12 Approved/Approval Wilhheld by IACUC: 

1'1 Resubmission Dale; 6/512012 EXPIRATION 0'ATE: 

Approved/Returned for Revision: 6i20/2012 Previous Protocol Number {if related) 

SECOND TIER REVIEW 
(if r1;;auiredl 

Submission Date: Approved/Returned for Revision: 

ApproveotRe1urned for Revision: 2"d Resubmission Date: 

1" Resubmission Date: Approve of Approval Withneld: 

NOTES to Pl:: 
• To DISPLAY this Word document's red-text instructions. RMew v.e.. Developer 

single-click Word's Show/Hide button (shown, right), 
located In Word's top-of-page panel (click Word's 
"Home" tab if Show/Hide isn't displayed). 

• To HIDE 'the red-text instructions, single-click the 
Show/Hlde button again. 

Paragr.;pr 

612112012 

612612012 

612-5!2015 

Show1Hide 
button 

• For each section and subsection, enter your text into the underlined data field { ) only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME O_F F.AClLITY: Armed Forces Radiobiology Research Jnstitute 

II. PROTOCOL NUMBER: .... l<b_)(6_) ___ __ 

Ill. PROTOCOL TITLE: Evaluation of Mechanisms and Involvement o1 Non
tar,geted RadiaUon Effects in Radiation and Depleted Uranium Induced 
leukemias in mice (Mus musculus) (Intramural) 

~IV~·~P~R~IN~C~IP~- A~L......,IN~V~E~S~f~IG~A~T~O~R~:-(b-)(6_) ....... iiiiiiiF~~_,PhO 
(b)(6) 

V. DEP.ARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and Is consisteni wlth goOd scientific research practice. 

l(b)(6) I MD, CPT, MC, USN Date 
Head, Scientific Research Oepar!ment, AFRRI 
TelephoneJ(b)(6) 1Faid(b)(6) I 

l<b )(6) 
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VI. S1Ail_S_D_C_ALJiEYlE_W: A person knowledgeable in biostatistics reviewed this proposal and 
ensures U1at the m.1mber of animals used is appropriate to obtain sufficient data and/or is not excessive. 
and the statistical design is appropriate for the Intent of the study 

.... l (b~)(S~J ~----lPhD 
Staushc1an 

..,.T""'e""'le=ph'"""o..,n-.e:;:!c_.b"""loi.;:(""'6;:) ::::: .. 1 F ... ax:l{b )(6) 
ICb)(6) I 

Date 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
i110re than slight 01r momentarv pain or distress, even if relieved by anesthetics or analgesics. 

Da1e 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analys;s) 

l(b)(6) Date 
Enviro1nmen1al Health and Safety Department 
Teteohonej{b)(6) I Fax .... !(b_.),,_(6.._) __ ___, 

l(b)(6) I 

IX. SCIENTIF,IC REVIEW: This animal use proposal received appropriate peer scientific review 
and is consistent with good scientific research practice. 

'~(b~J(6_J __________ IPhD 
Sc1ent1fic Director 

~~---
,.,,T_,,e.,.,.le~· h;.;.;o;.;.;n.;;.1e ...,(b ... )(:...6):.-_...,.., Fax If b )( 6) 
(b )(6) 

Date 

X. JACUC AfPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on ____ _ 

(Date) 

l(b)(S) I PhD, CAPT, MSC, USN 
IACUC Cn,.;i.._r ___ _ 
Tele hone (b)(6) Fax:j(b)(6) I 
(b )(6) 
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'PROTOC·OL TITLE: Evaluation of Mechanisms and Involvement of Non~ 
l<'ir1geted RadiaOon Effects in Radiation and. Depleted Uranium lndl!Jced 
!Leukemias in miee (Mus muscu/us}(<bl(4) I 

PRiNCiPAL INVESTIGATOR : ..... l (b-)(6_> ____ __.I PhD 

CO-INVESTIGATOR(S): None 

AFRRI SCIENi lFIC RESEARCH PROTOCOL NUMBER:l ..... (b-)(
6
_J _ ___, 

I. NON-TECHNICAL SYNOPSIS 
Military per.sonnel are potentially exposed to radiation in a variety of scenarios as well 
as the radioa'Ctive heav-y metal depleted uranium (OU). It is Known that radiat~on or 
heavy metal exposure can induce cancer under certain circumstances. To study these 
carcinogenic phenomena we need to use a murine model. It is therefore important to 
characterize the carcinogenic effects of these exposures in this murine model to better 
understand carcinogenic mechanisms and to enable targeted development of safe and 
efficacious cancer chemoprevention for military personnel using these models. The 
over.al11 research objective of this proposal is to characterize the 60Co gamma radtation
and deple~ed uranium (OU) - induced leukemia mouse models used in our laboratory by 
examining two possible mechanisms i.e., epigenetic (methylation), and 9enetic 
(genomic Instability). These results, in conjunction with fn vitro results evaluating non
targeted 1radiation effects (NTE) will assist in the characterization of these two induced 
l,eukemlas. This mechanistic information will assist us in developing more effective and 
safer late radiation effects countermeasures. 

U, BACKGROUND 

11.1. Backgr,ound 
Radiation health risks of concern to the Department of Defense (DOD) Include 

carcinogenesis and particularly, leukemia. Military personnel can potentially be exposed 
to a variety of radiation qualities including gamma, neutron, and protons (astronauts) 
depending on the type of mil itary operation. Internal contamination from military relevant 
heavy metals like depleted uranium (DU}, an alpha particle emitter, during miili1tary 
operations is a potential threat to military personnel as well (1). The health rfsks of 
internally deposited alpha-emitters like uranium remain a question tor military personnel 
since it is both a chemical and radiation hazard (2, 3 ). Our laboratory has demonstrated! 
using cellular models, that the alpha radiation from DU does play a role in the induction 
of biological damage and neoplastic transformation (4~1 6) . [)evelopment and 
characterization of an effective "late effects" in vivo model is critical to a better 
understanding of radiation- or DU- induced leukemogenic effects and to the 
development of countermeasures. 

The overall goal of this project is to characterize the 6°Co- and DU- induced leukemia 
mouse models osed in our laboratory by examining three possible mechanisms. These 

4 of 32 



include 1,) epigenetic, i.e. methylation, 2) genetic, i.e. genomic instability. and 3) non· 
targeted radiation effects (NTE). The leukemia model used in our studies ~s uinique i1n 
comparison to other radiation leukemia mouse models be3caose immature (non
tumorigenic) hematopoietic cells (FOC-P1) are injected into a 6°Co-irradiated (17-19) or 
DU-exposed mice (4, 6, and 7} and the development of acute myeloid leukemia (.AML) 
occurs within 4 to 8 months (4, 6, 7, 17-20). This is in contrast to the 14~18 months fn 
standard rnurine leukemia models that also require significantly more mice for statistical 
significance. 

A complex picture of radiation leukemogenesis lnas emerged however in which, 
additional to any damage induced directly in target stem cells, tru~ hemopotetic 
microenvironment can be a source of damaging signals and cellular interactions which 
are involved in the cancer development process (21, 22). To study the process of 
radiation leukemogenesis, specifically from the standpoint of the hematopoietic 
microenvironment, we have selected a novel murine model for the development AML 
which allows an analysis ot the indirect effects of irradiation or DU exposure separate 
from the mutagenic effects on hematopoietic cells (17-19). In th is model, murine 
hematopoietic stem cells of the IL-3-dependent line, FDC-P1, consistE!ntly transform to 
AML when injected into DBN2 mice irradiated with 1 to 3.5 Gy gamma radiation (17-19) 
or exposed to internalized DU (4, 6~7). This leukemia model, in which non=tumorigenic 
immature hematopoietic cells are introduced into an irradiated or DU exposed bone 
marrow environment, and followed by the development of leukemia, suggests that it 
could be characterized as a "non-targeted effects" (NTE) leukemia model. In radiation1 
biology .. the "Linear No Threshold" hypothesis has been challenged by a large number 
of observations of the so~called NTE, i.e. , genomic instability, bystander effects, which 
consists of the induction of damage in cells not directly traversed by radiation, most 
likely as a response to molecular messengers released by directly irradiated cells (23, 
24). This DBA12/FDC·P1 model presents the unique opportunity to characterize a 
leukemia model in which NTEs like genomic instabmty can be evaluated. 

(b)(4) 
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(b)(4) 

AML is a clonal disorder resulting from uncontrolled proliferation of hematopoietic 
progenitor or stem cells (25) and transformation into a leukemic cell is considered a 
multistep process implicating both genetic and epigenetic aberrations (25-28). The most 
important genetic findings in AML are chromosomal translocations involving different 
transcription factors and activating point mutations in multiple signal transduction 
pathways (28). Epigenetic disturbances, such as aberrant promoter hypermethylation 
and covalent histone modifications, have been implicated in the pathogenesis of human 
leukemia as well (29-32). Signaling pathways such as the Wnt and CDK pathways are 
involved in hematopoietic malignancies. The Wnt s~gnaling pathway has a key fomction 
in stem cell maintenance and differentiation of hematopoietic progenitors. Secreted 
Frizzled-related protein genes (SFRPs}, functioning as Wnt signaling antagonists, have 
been found to be down-regulated by promoter hyparmethylation in AML and have been 
link<ed to genetic instability as well (29). This methylation controlled silencing of the Wnt 
gene is critical in AML development Another pathway disrupted by aberrant methylatlon 
in human AML involves the cyclin dependent kinase inhibitor pathway with the cycle 
inhibitors pl 6 (CDKN2A or p16INK4a) and pl 5 (CDKN2B or p151NK4b) (30-31 ). These 
pathways and their methylation status have not been examined in the DBA/2/FDC= 
P1 leukemia models (60Co or DU) and the data from human studies suggest that these 
pathways would be a good target to evaluate in leukemogenesis in the radiation- or DU
murine models 

As stated above. the overall objective of this study is to fill the gap in our understanding 
of 6°Co- or DU- leukemia risks , by focusing on the mechanisms of these induced 
leukemias. In this project we will concomitantly use in vitro studies to address whether 
NT Es could be involved in 60Co· or alpha particle· induced hematopoietic cells 
transformation and whether cell-cell communication or reactive oxygen species (ROS) 
are involved in the NTE. The in vivo studies described in this animal use protocol with 
the murine model wilU assess whether methylation and genomic instability are involved 
in the development of 6°Co; or DU= induced leukemia. The data collected in this 
proposal would also assist in determining whether this model can be used to develop 
biological countermeasures to radiation or DU late e ffects. 

General Study Design: 
Section A. Objective/Hypothesis/Specific Aims 
The overall goal of this project is to initiate a characterization of the 6°Co· and DU· 
induced leukemia mouse models used in our laboratory by examining possible 
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mechanisms, i.e. DNA methylation changes and ge.nomic/chromosomal instabfliity and 
evaluating whether non-targeted radiation effects (NTEs} may be involved. 

Hypotheses and Specific Aim~: 
Hypothesisfl 1: A mechanism of gamma or alpha particle leukemogenesis involves a 
NTE on hematopoietic stem cells through an initial radiation=induced alteration of 
supportive lbone marrow stromal cells. {ln vitro studies) 
Hypothesis #.2: The induction of leokemia by gamma radiation or DU exposure is 
associated wlth altered DNA methylation in spleen and bone marrow that occurs within 
1 month after exposure. (In vivo studies). 
Hypothesis #3: The induction of leukemia by gamma radiation or DU exposme is 
associated with hematopoietic stem cell genetic instability that occurs within one month 
after exposure. (In vivo studies). 

fhe following specific aims are designed to address these hypotheses. 

Specific Aim #1: NO ANIMALS INVOLVED. 
To determine whether 6<>Co or alpha particle radiation exposure of murine bone marrow 
stromal cells (cell line) induces malignant transformation of Un-irradiated co·cultivated 
hematopoietic stem cells. 

Specific Aim #2:: NO ANIMALS INVOLVED. 
To determine whether the induction of malignant transformation of un=irradrated 
hematopoietic stem cells co-cultivated with murine bone marrow stromal cells (cell line) 
irradiated with 6°Co or alpha particle radiation involves cell-cell communications. 

Specific Aim #3: NO ANIMALS INVOL VEO 
To determine whether the induction of malignant transformation of un-irradiated 
hematopoietic stem cells co-cultivated with murine bone marrow stromal cells (cell line) 
irradiated with 6°Co or alpha particle radiation involves reactive oxygen species (ROS). 

Radiation Safety Issues: This Rrotocol will involve the use of de · leted uranium ·oo. 
DU is a radioactive heavy metal. (b)(4),(b)(6) 
(b)(4),(b)(6) 
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(b)(4) 

Specific Aim #4/Experiment 1: To examine DNA methyfation in mouse 
hematopoiesis before and after in vivo exposure to a leukemogenic exposure of 
dose of gamma radiation or internalized DU exposure and evaluate whether DNA 
methylation status has a rote in gamma radiation or internalized DIJ exposure 
leukemog~nesis. 
Experiment #1 will assess methylation in mouse hematopoiesis following gamma 
radiation or DU exposure. Animals will be either exposed to 6°Co radiation (total body 
irradiation) or DU implants (low and high dose implanted in the hind limb). The 
methylation studies are divided into two parts. a) to evaluate the global genomic content 
of 5-methylcytosine in spleen and bone marrow and b) to examine the methylation 
status of specific genes (Wnt family antagonists, SFRP1, -2, -4, -5, p15, p16}, in spleen 
and bone marrow of 6°Co or DU- exposed mice. Methylation status following exposure 
to a leukernogenic dose of 6°Co (0.05, 2.0, 3.5 Gy, 0 .6 Gy/min) or implanted DU (2 DU+ 
4 tantalum (Ta) pellets or 6 DU pellets, 1 month exposure) will be examined in bone 
marrow and spleen. Immediately following radiation exposure or at 1 month post·nU 
implant, mice will be tai l~vein injected with hematopoietic stems cells (FDC=P1 cells). 
FDC-P1 cells are obtained from ATCC and they are certified to be pathogen free. Cells 
(2 to 5 E6 cells) will be tail-vein injected (27 gauge needle) in a volume of 1 OD to 200 ul 
of st1erile saline. FDC=P1 cells are non·tumorigenic hematopoietic stem cells that were 
derived from DBA/2 mice (same mice used in this study). They are maintained in 
cultured using IL-3 as a growth supplement. Sterile IL3 Is obtained from BO labs and 
added to the Dulbecco's media used to culture these cells. 

Seven days after cell injection animals will be euthanized. Spleen and bone marrow 
will be obtained for analysis. Spleen and bone marrow tissues previously obtained from 
6°Co~ and DU- induced leukemic mice will be used for comparison. For Aim 4a, global 
DNA methylat1on in bone marrow and spleen will be measured by direct analysis of the 
5-methylcytosine content of DNA and by Southern blot analysis of genomic repeat 
sequences. 1ln Aim 4b, dysregulation of the Wnt signaling antagonists also krnown as 
secreted frizzled-related proteins (SFRPs) and cycf~n-dependent kinase pathway 
proteins, p151nk4b and p1 61nk4b will be examined using real-time reverse transcription 
PCR (RT-PCR) in the same samples analyzed for methylation. 

Specific Aim #5/Experiment 2: To assess genomic/chromosomal instability by 
examining chromosomal aberrations in mouse 60Co radiation- and DU- induced 
leukemia's and the clonal descendants of 6°Co· irradiated and DIJ·exposed bone 
ma.rrow hematopoietic stem cell and compare to controls. 
Experiment#2 will assess chromosomal/genomic instability following radiation or DU 
exposure. The induced genetic instability should be detectable in the irradiated target 
untransformed hematopoietic stem cell population and the clonal ooco- or DU- induced 
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leukemia by measuring chromosomal aberrations in leukemic and sub-clonal variants. 
Bone marrow from animals exposed ta 6°Co radiation at 3 doses (0.5, 2.0, and 3.5 Gy at 
0.6 Gy/min} or implanted DU (2 DU+ 4 tantalum (Ta} pellets or 6 DU pellets, 1 month 
exposure) will be evaluated. Immediately following radiation exposure or at 1 month 
post-DU implant, mice will be injected with hematapaietic stems cells (FDC-P1 cells). At 
7 days past-cell injection, animals will be euthanized. Spleen and bane marrow will be 
obtained for analysis. Spleen and bane marrow tissues previously obtained from 6°Ca
and DU- induced leukemic mice will be used for comparison. A comparison ta un
irradiated/nan-implanted controls will also be done. Fluorescence in situ hybridization 
(FISH) will be used to screen for chromosomal aberrations in 6°Co- or OU- induced 
leukemias (obtained from previous studies/frozen spleen samples) and in the clonal 
descendants of control, irradiated, or DU-exposed bane marrow hematopoietic stem 
cells at 7 days post-radiation/cell injection or 7 days post-DU (30 days)/cell injection, 
using the in vitro clonogenic CFU-A colony assay. 

11.2. Literature Search for Duplication 

U.2.1. Literature Sources Searched 
1) Biomedical Research Database (BRD); 2) Pubmed; 3) Re PORT er replaced Retrieval 
of Information of Scientific Projects (CRISP); 4) Federal Research in Progress 
(FEDRIP). 

11.2.2. Date of Search 
BRO Jan 20, 2012 
Pubmed Jan 3, 4, 20, 2012 
RePORTer Jan 5, 20, 2012 
FEDRIP Jan 5, 20, 2012 

11.2.3. Period of Search 
BRO 1970-2012 
Pubmed 1980-2012 
RePORTer 1980-2012 

11.2.4. Key Words of Search 
DBA/2, mice, male, female, radiation, depleted uranium, tantalum. Epigenetics, genetic, 
methylation, DNA damage, cytosine extension assay, LD5o, radiation carcinogenesis, 
leukemia, leukemagenesis, toxicity, animal models, survival, lifespan, pain, suffering. 

11.2.5. Results of Search 
The searches demonstrated that there have been no previous or current studies that 
have investigated or are in the process of studying the type of mechanism involved in 
DU-induced carcinogenic effects in a mouse model. There are studies evaluating the 
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effects of radiation on leukemia development but they are focusing on a different 
radiation quality, primarily protons and heavy ions. found in space radiations. Secondly, 
these nnou.se rnodels are different than the model I will be using which allows us to 
examine the role of non-targeted radiation effects. The other studies on radiation 
leukemia do not evaluate non-targeted radiation effects. The searches demonstrated 
that there have been no previous or current studies that have investigated or are in the 
process oW studying the extent of DNA damage, methylation status, histone status. or 
gene expr·ession (p15 or p16) in a DU animal model. Therefore the proposed exposure 
study evaluating epigenetic processes in vivo is not a duplication of current or previous 
experiments. In terms of .sgecific science issues related to DU-"Carcinogenesis, the 
searches revealed the following: 1) that the DBA/2 mouse has been used in 
carcino,genesis studies; pathology; histology) behavior. morbidity, and mortality are well 
known [19-20]. 2) the background section above provides a summary of the DU 
publicaltions regarding their transforming. mutagenic. genotoxic, and carcinogenic 
characteristics; 3) there is one publication on DU and methylation/epigenetics [7] (Pl of 
this protocol is the first author of that publication). 

Ill. 10BJECTIVE I HYPOTHESIS 
l he overall goal of this project is to initiate a characterization of the 6°Co- and DU= 
induced leukemia mouse models used in our laboratory by examining two possible 
mechanisms. i.e. methylaticn and genomic instability. The third meclilanism, evaluating 
whether non-targeted rad iation effects (NTEs) in vitro may be involved, is conducted 
with in vitro models only. In this animal use protocol. we will compare the methylation 
status and genomic instability in animals exposed to DU for 1 month to those animals 
exposed to DU (7 months) t11at developed leukemia. We will also be able to compare 
the methylation status/genomic instability in animals exposed to 60Co to those animals 
exposed to 6°Co that developed leukemia. 

IV. MILITARY RELEVANCE 
Military personnel could potentially be exposed to ionizing radiation or DU during thie 

course of their dutiesJ(b)(4) 
(b)(4) 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 
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General Approach: For the DU experiments, animals will be internally exposed to DU, 
(high and low doses) for 30 days, injected with non-tumorigenic hematopoietic stem 
cells (FDC-P1) and at 7 days post-cell injection, euthanized. The spleen and bone 
marrow will be obtained for analysis of epigenetic (methylation changes, gene silencing) 
and genetic alterations (genetic instability). These samples will be contemporaneously 
compared to samples previously collected (and stored/frozen) from DU-exposed mice 
diagnosed with leukemia. For the 6°Co experiments, animals will be irradiated and at 7 
days post-radiation/cell injection, will be euthanized. The spleen and bone marrow will 
be obtained for analysis of epigenetic (methylation changes, gene silencing) and 
genetic alterations (genetic instability). These samples will be compared to samples 
previously collected from 6°Co exposed mice diagnosed with leukemia. 

V.1.1. Experiment 1-Aim4 of Intramural Proposal 
Experiment 1 : To examine DNA methylation in mouse hematopoiesis before and 
after in vivo exposure to a leukemogenic exposure of dose of gamma radiation or 
internalized DU exposure and evaluate whether DNA methylation status has a role 
in gamma radiation- or internalized DU exposure- leukemogenesis. 
Hypothesis Experiment 1: The induction of leukemia by 6°Co radiation or DU 
(embedded exposure) in this murine model is associated with altered DNA methylation 
status in spleen and bone marrow that occurs within 1 month post exposure. 
Rational Experiment 1: Previous studies have demonstrated that hypomethylation is 
associated with DU-induced leukemia and human leukemia (7, 21-23). 
Methodology Experiment 1: Experiment #1 will assess methylation in mouse 
hematopoiesis following gamma radiation or DU exposure. The methylation studies are 
divided into two parts, a) to evaluate the global genomic content of 5-methylcytosine in 
spleen and bone marrow and b) to examine the methylation status of specific genes 
(Wnt family antagonists, SFRP1, -2, -4, -5, p15, p16), in spleen and bone marrow of 
6°Co or DU- exposed mice. Methylation status following exposure to a leukemogenic 
dose of 6°Co (0.5, 2.0, 3.5 Gy, 0.6 Gy/min) or DU (2, 6 pellets, 1 month exposure) will 
be examined in bone marrow and spleen. Immediately following radiation exposure or at 
1 month post-DU implant, mice will be injected with hematopoietic stems cells (FDC-P1 
cells). FDC-P1 cells are obtained from ATCC and they are certified to be pathogen free. 
Cells (2 to 5 E6 cells) will be tail-vein injected (27 gauge needle) in a volume of 100 to 
200 ul of sterile saline. Seven days after cell injection animals will be euthanized. 
Spleen and bone marrow will be obtained for analysis. Bone marrow will be obtained 
from both femurs. Spleen and bone marrow tissues previously obtained from 6°Co- and 
DU- induced leukemic mice will be used for comparison. These mice were diagnosed 
approximately 4 to 12 months post exposure. For Aim 4a, global DNA methylation in 
bone marrow and spleen will be measured by direct analysis of the 5-methylcytosine 
content of DNA and by Southern blot analysis of genomic repeat sequences. In Aim 4b, 
dysregulation of the Wnt signaling antagonists also known as secreted frizzled-related 
proteins (SFRPs) and cyclin-dependent kinase pathway proteins, p151nk4b and 
p161nk4b will be examined using real-time reverse transcription PCR (RT-PCR) in the 
same samples analyzed for methylation. Bone marrow and spleen of control, 6°Co
irradiated mice (0.5, 2.0, and 3.5 Gy doses; 0.6 Gy/min), and internalized DU-exposed 
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(2 DU+ 4 Tantalum (Ta) pellets, 6 pellets+ No Ta; 1 month) mice will be assessed. 
Table 1 details the control and exposure groups. Groups A, 8, C, and Dare control 
groups(± FDC-P1 cell injection± 6°Co or DU exposure) and will be immediately 
euthanized following exposure. Group E will be 6°Co exposed, injected with FDC-P1 
cells and euthanized at 7 days post-cell injection. Group F (un-irradiated mice) will be 
injected with 6°Co-irradiated FDC-P1 cells and euthanlzed at 7 days post-cell injection. 
Group G will be DU exposed (30 days), injected with FDC-P1 cells and euthanlzed a 7 
days post-cell injection. For group H, FDC-P1 cells will be exposed to DU-uranyl nitrate 
(1, and 100 uM, 4 hrs) prior to injection into non-DU exposed mice and euthanized at 7 
days. Following euthanasia, tissues will be prepared for methylation analyses. To 
accomplish Exp 1 a global DNA methylation will be measured in bone marrow and 
spleen by direct analysis of the 5-methylcytosine content of DNA and by Southern blot 
analysis of genomic repeat sequences. Jn Exp 1 b, dysregulation of the Wnt signaling 
antagonists also known as secreted frizzled-related proteins (SFRPs) and cyclin
dependent kinase pathway proteins, p151nk4b and p161nk4b will be examined using 
real-time reverse transcription PCR (RT-PCR) in the same samples analyzed for 5-
methylcytosine analysis. Frozen spleen tissues and bone marrow cells obtained in a 
previous study of 6°Co and DU leukemia will be concomitantly used to evaluate bone 
marrow and spleen samples from animals diagnosed with leukemia. These animals 
were generally 5-8 months post radiation or DU exposure. These tissues are from our 
previous studies here at AFRRI and will not be brought into VSD; they are currently 
stored in my laboratory. No tissue sharing agreement is necessary since they are 
tissues from my previous studies in which I was also the principal investigator. 

Table 1 is on the next page for ease of reading. 
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Table 1 ~ ExDeriment 1. Exoosure and Control Grouos 

Status of FDC-P1 Cells Status of E.uthanasia Number of animals 
(± lnj or± Rad or ±DU) Mouse 

±Rad or 
OU 

A No Cell Injection No Rad/No Oay-0 5 
DU 

B With Cells Injected No Rad/No Day7 5 
DU 

c No Cell lnjectioh With Day7 15 (5 ea @3 doses 
Mouse 0.5 Gy, 2 Gy, 3.5 
60CO Rad dv} 

D No Cell Injection With lmmedlately post- 10 (5 ea@:l 
Mouse DU 37 Days OU doses; 2 DU, 6 DU 
lmolant oelletsl 

E With Geils Injected With 7 days post-rad 15 (5 ea@ 3 doses 
Mouse 0.5 Gy, 2 Gy, 3.5 
60co Rad Gv) 

F With soco Irradiated No Mouse 7 days post· cell 15 (5 ea @3 doses 
Cells Injected Rad rad 0.5 Gy, 2 Gy, 3.5 

Gv} 
G With Cells lnjeetea With DlJ 37 days post DU 10 (5 ea@2 

lmplanl implant (7 days doses; 2 DU, 6 DU 
post cell pellets) 
inlec·tionl 

H With DU Exposed No DU 7 days post cell 10 (5 ea@2 
Cells Injected Implant injection doses, f , 100 uM) 

exoosure to cells 
I With cells Injected No Rad 37 days post Ta 5 (5 ea@6 Ta) 

No DU implant (1 days 
+ Tantalum Dost cell iniectl 

This aim will allow us to determine if methylation alterations are involved in 6°Co-or DU~ 
exposure and with 6°Co·, or DU- induced leukemia in this unique leukemia model. There 
will be 5 animal tissues per dose point. Bone marrow cellularity and spleen weight wiH 
be analyzed as well. 

V.1.2. Experiment 2 - Aim 5 of Intramural proposal: To assess genomic Instability 
by examining chromosomal aberrations in mouse 6°Co radiation- and DU
induced leukemia's and the clonal descendants of 6°Co- irradiated and DLJ:
eX,posed bone marrow hematopoietic stem cell and compare to controls. 
Hypothesis Exp 2: Following 6°Co- or DU- exposure, genetic instability occurs within 1 
month post exposure. 
Rationale Experiment 2: Published studies have shown that DU induces genomic 

instability in vitro (2, 5, and 13) and that gamma-induced leukemia is associated with 
chromosomal instability (22-24). Both indicate genetic damage. 
Methodology Experiment 2 To address this hypothesis, we intend to employ 
fluor·escence in situ hybridization (FISH) to screen f.or chromosomal aberrations in 
mouse 60co- and DU- induced leukemias (obtained from frozen samples) and in tlhe 
clonal descendants of control, 6°Co-irradiated bone marrow hematopoietic stem cells 
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(0.5, 2.0, and 3.5 Gy doses; 0.6 Gy/min). and internalized DU-exposed (either 2 DU+ 4 
Ta pellets or 6 DU +No Ta pellets; 1 mo.) bone marrow hematopoietic stem cells using 
the in vitro clonogenic CFU-A colony assay. The induced genetic instability should be 
detectable in the gamma irradiated or DU-exposed untransformed hematopoietic stem 
cell population and the clonal radiation-, or DU- induced leukemia by measuring 
chromosomal aberrations in leukemic and sub-clonal variants. Groups A, 8, C, and D 
are control groups(± FDC-P1; ± 6°Co or DU) and will be euthanized at 7 days post 
exposure. Group E will be 6°Co exposed, injected with FDC-P1 cells and euthanized at 
7 days post-cell injection. Group F (un-irradiated mice) will be injected with 6°Co
irradiated FDC-P1 cells and euthanized at 7 days post-cell injection. Group G will be DU 
exposed (30 days, either 2 DU+ 4 Ta pellets or 6 DU +No Ta pellets) and will be 
injected with FDC-P1 cells; euthanasia will occur at 7 days post-cell injection. For group 
H, FDC-P1 cells will be exposed to DU-uranyl nitrate (1, and 100 uM, 4 hrs) prior to 
injection into non-DU exposed mice and euthanized at 7 days. Following euthanasia, 
bone marrow will be collected from both femurs. Bone marrow cells will be obtained by 
flushing the femurs. FISH will be used to screen for chromosomal aberrations in the 
clonal descendants of control-, irradiated, or DU exposed- bone marrow hematopoietic 
stem cells at 7 days post-radiation or 7 days post-pellet removal and in 6°Co- or DU
induced leukemias (obtained from previously frozen bone marrow cell samples), using 
the in vitro clonogenic CFU-A colony assay to assess genetic instability (30-34). Seven 
days post-radiation was selected since radiation or DU exposure may induce cell cycle 
arrest. Bone marrow cells from control, irradiated, or DU-exposed mice will be cultured 
in vitro for 6 to 8 days post-euthanasia to generate CFU-A colonies as described (36-
40) and will then be selected and fixed for FISH analysis (36-40). 

Table 2 is on the next page for ease of reading. 
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Table 2- Exoeriment 2. Exoosure and Control Grouns 

StatUs of FDC~P1 Cells Status of Euthanas a No animals 
(:t lnj or Rad) Mouse 

±Rad or 
OU 

A No Gell Injection No Radl No Day 0 5 
DU 

B With Cells Injected No Radl No Day 7 5 
DU r--c No Cell ln}eclion With 7 Days post-rad 15 (5 ea@ 3 doses 0.5 
Mouse Gy, 2 Gy, 3.5 Gy) 
~0co Rad 

D No Cell Injection With Immediately post-37 10 (5 ea@ 2 doses; 2 
Mouse DU Days DU DU, 6 DU pelftets) 
lrnolant 

E With Cells Injected With 7 Days post·rad 15 (5 ea@ 3 doses 0.5 
Mouse Gy, 2 Gy, 3.5 Gy) 
6°Co Rad 

F With 6°Co Irradiated Cells No Mouse 7 Days post-cell 15 (5 ea@ 3 doses o.5 
lnlected Rad injection Gv, 2 Gv 3.5 GV'l 

G With Cells lniected With 37 Days post-DU 10 (5 ea@ 2 doses; 2 
Mouse DU implant DU, 6 DU pel ets) 
lmolant 

! H With DU Exposed Cells No Mouse 7 Days post-DU cell 10 (5 ea@ 2 doses; 1 , 
lniected DU exnnsure 100 uMl 

I ' With Cells Injected No DU 37 days post Ta 5 (5 ea @6 pellets) 
No Rad Implant (7 days post 
+-Tantalum cell in!ectl 

Table 3. 
Research Design Tables 

(Table shows number of mice needed per Experiment) 

Exp 1 Exp2 

90 90 

General Methods: 
Mice 
Six· to 1 O· week old male DBA/2 mice wi ll be purchased from the appropriate vendor 
and be housed (5 per cage) in an air-conditioned faci lity accredited by the Association 
for the Assessment and Accreditation of Laboratory Animal Care International. The 
mouse facility room is maintained at 64-79i!F with 10-15 hourly cyc les of fresh air and a 
relative humidity of 30 to 70%,. The mice will be held in quarantine for two weeks upon 
arrival. Microbiology. serology, and histopathology examination of representative 
samples will ensure the absence of Pseudomonas aeruginosa and common murine 
diseases. Mice will receive certif ied rodent rations (Harlan Teklad Rodent Diet. Harlan 

15 of 32 



Teklad, WI) and acidified water (with HCL, pH 2.5-2.8) ad libitum. All mice will be kept in 
rooms with a 12h light/dark cycle with lights on from 0600 to 1800. All animal 
procedures will be performed based on a protocol approved by the AFRRI Institutional 
Animal Care and Use Committee. Research will be conducted according to the most 
recent Guide for the Care and Use of Laboratory Animals, prepared by the Institute of 
Laboratory Animal Resources, National Research Council, and US National Academy of 
Sciences. 

Surgical Procedures. 
Metal pellets. Each pellet (DU or Tantalum (TA)) will be a cylinder 1 mm in diameter and 
2 mm long. Surgery. Pellets will be cleaned and chemically sterilized prior to 
implantation. Pellets will be immersed in absolute alcohol (15 mins), soaked in 50% 
nitric acid solution for 3 min, and then thoroughly rinsed 2X with sterile saline (0.9%). 
The procedure has been shown to remove the oxide formation on the surface of the DU 
pellet. A small heating pad will be used during surgery to maintained body temperature. 
Thirty to sixty minutes prior to surgery, each animal will receive 1 SC injection (27 
gauge sterile needle) of buprenorphine (0.05 mg/kg) in the back of the neck. If mice 
appear to be in pain following implantation surgery they will receive another injection of 
the buprenorphine (same, dosage, same location). In our recent experiences with 
mouse DU surgery a second injection was not necessary but the project personnel will 
be prepared to provide additional analgesia as required. The criteria for analgesia 
following surgery will be 1) limping; 2) not eating/drinking; 3) ruffled coat; or 4) huddling. 
One criterion is sufficient to require analgesia. Anesthesia will be induced with 
isoflurane (""'2-4%) and then maintained with isoflurane at the lowest possible rate (""'1-
2%). The animal will remain under isoflurane anesthesia for 5-8 minutes. Pellets will be 
implanted in the gastrocnemius muscle of each back leg, spaced approximately 2-4 mm 
apart. A single surgical site per rear limb will be shaved prior to surgery and then 
cleaned with betadine (i.e. standard sterile surgical preparation). A single scalpel 
incision (using a sterile surgical blade, #15 for example) will be made through the skin 
and pellets inserted into the muscle with a 16-gauge needle with plunger. The 16-
gauge needle resembles a trochar and the pellets are loaded in order either {3 DU 
pellets) of 1 Ta+ 1 DU+ 1 Ta pellet. Each animal will receive a total of 6 pellets - three 
per hind limb. For high DU dose there are 3 DU pellets per limb. For the low DU dose 
there are 2 Ta and 1 DU pellet per hind limb. There is little chance that an air bolus 
could be introduced and it has never been seen in our previous pellet surgeries. The 
incision is generally 5-7 mm in length. One incision will enable the implantation of 3 
pellets per limb. The syringe is preloaded with the pellets to be implanted. The incision 
will be closed with absorbable sutures (for example, 5-0 vicryl or, as recommended by 
the veterinarian). Mice will be closely monitored following surgery until ambulatory 
(usually within 10 mins). Animals will be monitored every 1 hr for the first 4 hrs post
surgery to determine if another dose of analgesia is necessary. However animals will be 
monitored closely for up to 6-8 hrs after surgery. Analgesia (buprenorphine, 0.05 mg/kg 
SC; injection back of neck) will be used if an animal demonstrates 1 criterion of pain. 
The criteria for analgesia will be 1) limping; 2) not eating/drinking; 3) ruffled coat; or 4) 
huddling. Animals will then be monitored by project personnel a minimum of 2X daily 
for the duration of the experiment but, during the first two weeks, four or more daily 
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observations by project personnel will be made if a single animal behaves as if he is in 
distress at any time point. An attending veterinarian will be consulted if any 
abnormalities are found. A technician experienced in this surgical technique, and 
previously observed by VSD veterinarians, will perform the surgeries. Animal 
Observations/assessment of health status. Mice will be monitored after pellet 
implantation and the Pl or Pl's technician will observe the mice a minimum of 2X daily 
for morbidity and mortality. Body weights will be recorded weekly. Moribund animals 
(NOT EXPECTED) will be euthanized, and necropsied. Previous studies in our 
laboratory have demonstrated that adverse effects following pellet surgery are rare [1 • 
8]. 

Euthanasia: 
At the appropriate time, the animal will be euthanized by C02 inhalation 
followed/confirmed by cervical dislocation. 

Tissues Collection for Data Analysis: 
Tissues will be collected following animal euthanasia. 

V.2. Data Analysis 
Experiment 1 : 

The endpoint for 1 A will be southern blot/gel analysis of DNA methyl content. The 
endpoint of 1 B will be southern gel analysis of methylation of the promoter region of two 
gene. The gels will be analyzed using laser densitometry. Levels of global genome DNA 
methylation in the spleen and bone marrow of exposed and control mice will be 
measured by the cytosine extension assay on treatment of DNA with a methylation
sensitive restriction enzyme Hpall that cleaves CCGG sequences when internal 
cytosine residues are unmethylated on both strands. The enzyme leaves a 5V-guanine 
overhang after DNA cleavage that is used for subsequent single nucleotide extension 
with labeled [3H]dCTP. The extent of [3H]dCTP incorporation opposite the exposed 
guanine is directly proportional to the number of cleaved and thus unmethylated CpG 
sites and inversely proportional to the levels of methylation (i.e., the higher the 
methylation, the lower is the incorporation of [3H]dCTP). A significant difference from 
control will be obtained by ANOVA (Analysis of variance of groups). 

Experiment 2: 
The endpoint of Experiment 2 will be the measurement of chromosomal aberrations in 
the CFU-A colonies derived from either the 6°Co-exposed bone marrow or the DU
exposed bone marrow. These chromosomal aberrations will be compared to the 
chromosomal aberrations measured in the bone marrow samples of mice previously 
diagnosed with leukemia following either radiation or DU exposure. 

For gene expression studies signals will be quantified using NIH Image J 1.63 software 
and normalized relative to glyceraldehyde-3·phosphate dehydrogenase or the Mr 
50,000 protein band. A comparison of the bands will be made using ANOVA analysis. 
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V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 
Approaches using cellular models have alread been conducted to stud both radiation 
and DU-induced leuk,emic cell transformation. (b)(4),(b)(6) 
(b)(4),(b)(6) 

(b)(4) ~ a . 1a ion s u IH~s ave emons ra e . 
a me ya t0n an 1s one mo 1 1ca ion epigenetic changes) are observed following 

radiation exposure (23, 24). These in vitro studies implicate epigeneHc mechanisms in 
the development of radiation late effects. However these findings must be confirmed in 
an in vivo model before they will be accepted by the risk assessment community (US 
ARMY Public Health Command (Prov.) and NCRP). Risk assessment reqUJires that 
animal models be used to verify in vitro findings. Secondly, in vitro models do not allow 
us to evaluate whether the mechanism involved in the neoplastic ttansformatiorn of cells 
in vitro would be affected by physiological, genetic, and environmental factors that are 
important to cancer induction in vivo. Finally, computer modeling could not be used to 
answer the research question I am addressing because modeling is dependent upon 
established in vivo results and there are currently no results regarding the mechanism 
of heavy metal induced late effects in vivo. 

V.3 .. 2. Animal Model and Species Justification 
This murirne model for toxicity studies is a well-characterized animal model system used 
in a variety of toxicological studies [41]. It has also been commonly used to study the 
mechanisms involved in ~he induction of bioloaical effects followina exposure to 
radiation and heavy metals r4~5 , 7-81.l(b)(4) 

(b)(4) 

V.3.3. Laboratory Animals 

V.3.3.1. G:enus I Species 
Mus musculus 

V.3.3.2. Strain I Stock 
DBA/2 

V.3.3.3. Source I Vendor 
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Jackson Labs, NCI Frederick, Taconic, or Charles River 

V.3.3.4. Age 
6-if O weeks 

V.3.3.5. Weight 
18 - 30 gr,ams 

V.3.3.6. Se.x 
Mate 

V.3.3.7. Special Considerations 
None 

V.3.4 .. Number of Animals Required (by species) 
180 mice 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. R·efinement 
Based upon our current in vitro human cell methylation studies we are: ready to evaluate 
mechanisms in an in vivo model. l(b)(4) 
(b)(4) 

V.3.5.2. Reduetion 
By using tissue samples from previous studies we are reducing the number of animals 
needed ln this study. We are able to compare the results from thls study in which the 
tlssues are collected at a short time after exposure (1 month) to results from animals 
that had a longer exposure (7 months) and had been diagnosed with AML. 

V.3.5.3. Replacement 
None 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

V.4.1.1. AIPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 180 
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V.4.1.1.1.1. Column C _70_ (#of animals) 

_50_ (#of animals) 

_60_ (#of animals) 

V.4.1.1.1.2. ColuMn D 

V.4. 1. 1. 1.3. Column E 

V4 1114 P . C t am . 

i , i i . a eaorv A t ssranmen s 
Exp.# Exoerimental!Control Group 
Exp 1 Controls Groups A No surgery, No radiation 
and B Grouos A and 8 
Exp 1 - MiGe r,ec:eiving Mice receive 60Co gamma radiation +/· FDC· 
any dose of radiation: Pi cells 
Groups G and E 
E)(p 1 - Mice receive DU Mice receive DU implant+/, FDCp1 cells 
imolant Grouos D and G 
Exp 1 - Mice receive cell Mice receive an injection of FDC·P1 cells that 
injection Group F were Irradiated; No mouse radiation, No DU 

implant 
Exp 1 - Mice recelve celi Mice receive an injection of FDC·P1 cells !hat 
lnjeclion Group H were exposed to OU in vitro. No mouse 

radiation and No DU imolant 
Exp 1 - Mlce receive Ta Mice receive Ta implant+ FDC·P1 cells 
implant 
Exp 2 • controls Groups No surgery, No radiation 
A and B Groups A and B 
Exp 2 - Mice r«eceMng Mice receive 60Co gamma radiatfoh -ti· FDC· 
any dose of radiation; P1 cel ls 
Grouos C and E 
Exp 2 - Mice receive DU Mice receive DU implant '4'f· FDCPl cells 
implant 6iroups D and G 
Exp 2 ~ Mice receive cell Mice receive an injection of FDC0 P1 cells that 
injection Group F were irradiated; No mouse radiation, No DU 

imolant 
Exp 2 - Mice receive cell Mice receive an injection of FDC·P1 cells that 
injection Group H were exposed to DU in vitro. No mouse 

radiation and No DU imolant 
Exp 2 - Mice receive Ta Mice receive Ta implant+ FDC·P l cells· 
implant 
Totals: 

V .4. 1.2. Pain Relief I Prevention 

V .4.1.2.1. Anesthesia I Analgesia I Tranqu iUzation 

c D E Totals 
10 10 

30 30 

20 20 

15 1S 

1() 10 

5 5 

10 10 

30 30 

20 20 

15 15 

10 10 

5 5 

70 50 60 180 

Anesthesia {isofluorane) will be used to anesthetize the mice duriing the pellet 
implantation procedure. We have been doing this in our recently completed project. One 
hr prior to surgery, each animal will receive 1 SC injection (27 gauge sterile needle} of 
buprenor1phine (0,05 mg/kg) in the back of the neck. If mice appear to be in pain 
following implantation surgery they will receive another injection of the buprenorphine 
(same; dosage, same location). The criteria for analgesia following surgery will be 1) 
limping; 2) not eating/drinking; 3) ruffled coat; or 4) huddling. One criterion is sufficient 
to require analgesia. During surgery and anesthesia administration, the animals wHI be 
placed ,on a small heating pad. 
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V.4.1.2.2. Pre- and Post-procedural Provisions 
Pre-procedural Provisions: None needed. 
Post-procedural Provisions: For the all aims/Experiment 1: Animals will be monitored a 
minimum of twice daily for 5 days post-pellet implantation procedure. Animals will be 
weighed weekly by trained personnel on the Pl's staff. The pellet implantation procedure 
is not expected to cause pain, suffering or morbidity. At 30 days post-pellet 
implantation, animals will be euthanized and tissues collected. While it is unexpected, 
any animal in pain will be immediately euthanized. We will monitor the animals as 
described and any animal that appears to be in pain based upon the following specific 
criteria will be immediately euthanized. Mice will be closely monitored following surgery 
until ambulatory (usually within 10 mins). Animals will be monitored every 1 hr for the 
first 4 hrs post-surgery to determine if another dose of analgesia is necessary. However 
animals will be monitored closely for up to 6-8 hrs after surgery. Analgesia 
(buprenorphine, 0.05 mg/kg SC; injection back of neck) will be used if an animal 
demonstrates 1 criterion of pain. A VSD veterinarian will also be consulted if any 
abnormalities are encountered. The abnormal criteria include: dehydration, changes in 
body weight (> 10% increase or decrease from baseline), abnormal posture, 
hypothermia (shivering), swelling, tissue masses, ruffled fur, eye discharge, head tilted, 
excessive salivation, dyspnea, diarrhea, hypo activity, and prostration. The endpoint of 
this study is euthanasia (to collect tissues for mechanism studies). 

V .4.1.2.3. Paralytics 
None used. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched 
Alt Web 
Pub Med 
Agricola 

V.4.1.3.2. Date of Search 
Jan 20, 23, 2012 
Jan 20, 2012 
Jan 23, 2012 

V.4.1.3.3. Period of Search 
1967-2011 

V.4.1.3.4. Key Words of Search 
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Radiation, Depleted uranium, leukemia, alpha radiation, DBA/2, euthanasia, lethality, 
survival, pellets, Implantation, epigenetics, leukemogenesis, model, pain, suffering, 
alternatives, distress, carcinogenesis, injection. 

V.4.1.3.5. Results of Search 
The implantation of heavy metals into the gastrocnemius muscle does not appear to 
cause pain in rodents based on the published results with similarly implanted heavy 
metals [1 ·7]. Studies have been published indicating that the surgical addition of 
prosthetic devices involving the heavy metal tantalum, a normal component to 
prosthetic limb attachments, do not cause medical problems or pain due to the surgical 
implantation of the heavy metal [1 ·8]. Furthermore, medical surveillance studies from 
soldiers wounded with DU shrapnel do not discuss whether the symptomology of the 
soldiers includes pain at the sites of the metal shrapnel; these papers do not indicate 
that the soldiers are in pain [6]. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
The animals in this protocol will receive a dose of 0.5, 2.0 or 3.5 Gy of radiation and will 
not receive any analgesia. In my experience with this mouse model (11 years) the 
animals have not exhibited any signs of being in pain from these low doses of radiation. 
Furthermore, the effects of analgesia administration on the study endpoints are 
unknown and could compromise the experiment so no analgesia will be used unless the 
animals unexpectedly exhibit pain criteria. The criteria include but are not limited to: 
dehydration, changes in body weight(> 10% increase or decrease from baseline), 
abnormal posture, hypothermia (shivering), swelling, tissue masses, ruffled fur, eye 
discharge, head tilted, excessive salivation, dyspnea, diarrhea, hypo activity, and 
prostration. 

V.4.2. Prolonged Restraint 
None Used. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions 
None Used. 

V.4.3.2. Procedure(s) Surgical Procedures. 
Each pellet (DU) will be a cylinder 1 mm in diameter and 2 mm long. Surgery. Pellets 
will be cleaned and chemically sterilized prior to implantation. Pellets will be immersed 
in absolute alcohol (15 mins), soaked in 50% nitric acid solution for 3 min, and then 
thoroughly rinsed 2X with sterile saline (0.9%). The procedure has been shown to 
remove the oxide formation on the surface of the DU pellet. Thirty to sixty minutes prior 
to surgery, each animal will receive 1 SC injection (27 gauge sterile needle) of 
buprenorphine (0.05 mg/kg) in the back of the neck. If mice appear to be in pain 
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following implantation surgery they will receive another injection of the buprenorphine 
(same, dosage, same location). The criteria for analgesia following surgery will be 1) 
limping; 2) not eating/drinking; 3) ruffled coat; or 4) huddling. One criterion is sufficient 
to require analgesia. Anesthesia will be induced with isoflurane (-2-4%) and then 
maintained with isoflurane (-1-2%). The animal will be under isoflurane anesthesia for 
5-8 minutes. Fragments will be implanted in the gastrocnemius muscle of each back 
leg, spaced approximately 2-4 mm apart. A single surgical site per rear limb will be 
cleaned with betadine and shaved prior to surgery (i.e. standard sterile surgical 
preparation). A single scalpel incision (using a sterile surgical blade, #15 for example) 
will be made through the skin and pellets inserted into the muscle with a 16-gauge 
needle with plunger. One incision will enable the implantation of 3 pellets. The syringe is 
preloaded with the pellets to be implanted. The incision will be closed with absorbable 
sutures (for example, 5-0 vicryl or, as recommended by the veterinarian). Mice will be 
closely monitored following surgery until ambulatory (usually with in 1 o mins). However 
animals will be monitored closely for up to 4 hrs after surgery. Analgesia 
(buprenorphine, 0.05 mg/kg SC; injection back of neck) will be used if an animal 
demonstrates 1 criterion of pain. The criteria for analgesia will be 1) limping; 2) not 
eating/drinking ; 3) ruffled coat; or 4} huddling. Animals will be monitored a minimum of 
2X daily for the duration of the experiment but, during the first two weeks, three or more 
daily observations will be made if a single animal behaves as if he/she is in distress. An 
attending veterinarian will be consulted if any abnormal ities are present. Animal 
Observations/assessment of health status. Mice will be monitored after pellet 
implantation and observed a minimum of 2X daily for morbidity and mortality. Body 
weights will be recorded weekly. Moribund animals (NOT EXPECTED) wi ll be 
euthanized immediately and necropsied. Previous studies in our laboratory have 
demonstrated that adverse effects following pellet surgery are rare [1-7, 15-19]. 

V.4.3.3. Post~surgical Provisions 
Mice will be closely monitored following surgery until ambulatory. Analgesic 
(buprenorphine 0.05/mg/kg, SC back of neck) will be used if necessary. Animals will be 
monitored a minimum of 2x daily for duration of experiment. 

V.4.3.4. Location----
Surgery location is l(6)(6) lor other suitable room as designated by VSD staff. 

V.4.3.5. Surgeon 
Trained technicians on the Pl 's staff 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1 . Procedures 
None Used. 

V.4.3.6.2 Scientific Justification 
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None Used. 

V.4.4. Animal Manipulations 
1) Permanent individual identification using the ear notching method: This method 
requires a special tool to punch or notch holes at various positions in the ears; this 
technique is commonly used in rodents. Procedure will take place under sterile 
conditions in VSD after released from quarantine. Manual restraining is required to 
perform this technique. 

V.4.4.1. Injections 
Experiment 1 and Experiment 2 

1) Anlmals will receive an Injection of sterile cells (sterile FDC-P1 cells; 2-5 ES 
cells/0.1-0.2 ml) immediately (within 30 mins) post-radiation into the tail vein. A 
25-28 gauge needle will be used. Choice of needle gauge size can vary based 
on the animal size. This is necessary since this cell injection was required in the 
previous studies in which leukemia was induced. 

V.4.4.1.1. Pharmaceutical Grade Drugs 
None 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 
None 

V.4.4.2. Biosamples 
None, animals will be euthanized and samples will be taken post-mortem. My 
understanding is that biosamples are obtained from a live animal. However, after 
euthanasia, blood samples, liver, spleen, and bone marrow from both femurs will be 
taken. 

V.4.4.3. Adjuvants 
None used. 

V.4.4.4. Monoclonal Antibody (MAb) Production 
None used. 

V.4.4.5. Animal Identification 
Ear notches and cage cards will be used. 

V.4.4.6. Behavioral Studies 
None used. 

V.4.4.7. Other Procedures 
None used. 

V.4.4.8. Tissue Sharing 
Not at this time. 
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V.4.4.9. Animal By-Products 
None. 

V.4.5. Study Endpoint 
The study endpoint for the animals is euthanasia at 1 month + 7 days post-metal 
implantation or 7 days post-gamma radiation. 

V.4.6. Euthanasia 
All mice will be euthanized by C02 inhalation. Euthanasia will be conducted using a 
euthanasia chamber. Compressed C02 gas in a cylinder with a regulator will be used 
for euthanasia in accordance with the 2007 AVMA Panel on Euthanasia. Cervical 
dislocation will then be used to ensure that the animal has been euthanized. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
Animals will be housed no more than 5 per cage in a micro-isolator cage. Animals will 
receive food and water ad libitum. Cages are changed three times weekly in 
accordance with the current VSD Rodent Husbandry SOP. Animals will have a 12 
hour/12 hour light and dark cycle. Radiation safety procedures as detailed in the general 
experiment section pages 7 and 8 will be followed. While it is unexpected based on 
previous experience with this model, if an animal dies prior to the study endpoint VSD 
staff has been trained to put the carcass in freezer that is posted for radioactive 
materials. Before we begin this entire study (involving DU) VSD staff and project 
personnel will be re-trained by the RSO with a radiation safety refresher lecture. All 
these procedures will be reviewed. 

V .5.1.1. Study Room 
Assigned by VSD. 

V.5.1.2. Special Husbandry Provisions 
None 

V .5.1.3. Exceptions 
None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 
Study personnel will monitor all animals 2X daily for 5 days post metal implantation. The 
animals will be individually observed at each observation period and weighed weekly. 
At euthanasia, the appropriate tissues for the in vitro analyses will collected and a 
necropsy will be performed by project personnel and hematological and molecular 
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assessment will be made by project personnel. This information could assist with the 
assessment of animals in future studies. 

If an animal becomes ill or debilitated during the course of the study {prior to a planned 
euthanasia), the principal investigator, study personnel and the clinical vete.rinariarn or 
VSD ltechnical staff will be notified immediately to determine severity of condition. 

VSD animal care technicians will ob.serve all colony animals during mornin~ 
afternoon rounds in addition to the husbandry caretakers' twice daily observations~ 

j fb)(4) I 

Criteria used for health evaluation: dehydration, changes in body weight {>10% increase 
or decrease), abnormal posture, hypothermia (shivering), swelling, tissue masses, 
ruffled fur, eye discharge, head tilted, excessive salivation, dyspnea, diarrhea, hypo
activity, and prostration , 

V.5.2.2. Emergency Veterinary Medical Care 
Emergency veterinary medical care will include euthanasia (and necropsy) if th:e animal 
meets the criteria described in section V.5.2.1. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
Animals can lbe {:1iven items in accordance with VSD/IACUC policy. 

V.5.3.2. Enrichment Restrictions 
None 

VI. STUDY PERS,ONNEI.. QUALIFICATIONS AND TRAINING 

NAME I DEGREE I TRAINING I DA.TE PROCEDURES 

(b)(6) Surgical pellet 
implantation, Radiation, 
Injection, Euthanasia, 
Ear notch, Tail veini 
injection; All procedures 
are currently used in 
other projects. Codes 1 ° 
6 

General animal 
handling. Radiation, 
drug Injection; Codes i : 
5 
General animal 
handling; Codes 1; 3; 5 
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NAME DEGREE TRAINING DATE PROCEDURES 

Procedure and manipulation coc:1es; 
Code l= Animal handling and euthanasia 
Code 2= Surgery {aseptic technique) pre- and post-operaHve care 
Code 3= Injections (3a--ip, 3b-sc, 3c-gavilge) - can say 3 if trained in all man~pulatlons or add 3d-iv 
Code 4a Blood collection under anesthesia (4a-cardiac, 4b-posteriorvena cava) 
Code 5= Tissue collection (after euthanasia) - doesn't need to be specific 
Code 6 " Implantation (DU pellet implantation; provide detail here) 

VRSIMOS 
EXPERIENCE 

Code 7 = Others • (provide protocol specific manipulations or procedures for e.g., retro,orbital bleeding, tail vein injecUon. or drug 
delivery) 

VII. BIOHAZARDS/SAFETY 
(b)(4),(b)(6) 

This project involves radiation hazards. The hazards were initially detailed in a 
paragraph in the general procedures section. It is repeated here for additional c11arity. 

(b)(4), (b)(6) 

(b)(4) he v - room where the mice will e house will e 
pt:>s ·13 - as a ra -,a ion ma ena s work area". As in our currently approved DU protocol 
we {and all personnel handling mice and the cages) will have special safety wear 
(gloves, gowns); radiation safety practices wiii be used in Rad posted rooms in VSD in 
regard to waste/trash collection, and the carcasses will be stored in a locked 
frig/freezer. The VSD room will be posted with a sign indicating that the use of 
radioactive materials is occurring in that room. The animal bedding will be collected 
after each cleaning and wlll be inspected for any unexpected loss of DU peHets. The 
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bedding will be stored as radioactive waste. After the animals are euthanized, the DU 
pellets will be removed and accounted for. 

In all non-radioactive procedures, standard laboratory safety precautions and programs 
will be observed in this project. 

VIII. ENCLOSURES 
None 
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X.ASSOAANCES 

Protocol Title: Evaluation of Mechanisms and Involvement of Non-targeted 
Radiation Effects in Radiation and Depleted Uranium Induced Leukemia~s in mice 
(Mus musculus) (Intramural) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only In the ac!ivittes, and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure tha1 this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have c-0nsulted w~h a qualified lndividt1Jal who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard I Safety: f have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recomoin~nt issues, and so 
forth. in the preparation of this protocol. 

~. Training; I verify that the personnel performing the animal procedures I manipulations I 
observations described in ihls protocol are technically competenl and have been properly trained io 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility; l acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals. Additlonaily, i pledge to conduct this study in the spirit of the fourth ''R", namely, 
"Responsibility." which the DOD has embraced for implementing animal use alternatives where feasible 
and co111ducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research praclice. 

H. Painful Procedure(s): I AM I AM NOi conducting biomedical eKperiments. which may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics am:l/or tranquilizers. 
I have considered alternatives to such procedures; however. I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed e><periment. 

l(b)(S) I PhD 

Principal Investigator (Printed Name} Principal Investigator (Signature) (Date) 
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PROTOCOL TilTLE: (b)(4) 
(b)(4),(b)(6) 

PRINCIPAL INVESTIGATOR: 

(ib)(6) Date 

CO-INVESTIGATOR(S): 

(b)(6) Date 

AFRRI SCIENT1IFIC RESEARCH PROTOCOL NUMBER: ..... l<b_H6_> _ __. 

I. NON-TECHNICAL SYNOPSIS 
The terroris~ attack of September 11, 2001 against the United States has increased the concern tlnat 

t•errorists may acquire and use radioactive sources (e .g. dirty radioactive bombs) to expose military and 
civilian populations to ionizing radiation. However, despite this concern, there are currently no FDA 
approved drugs that can be use · for he · em:iral j:mpulation to prevent death that ts fikely lo tesult from 
ex osure to i nizin . r di . ti on b)(4) irradiation in humans can result in both !lb\(4) I 
{b)(4) injuries. However, because rodents are more resistant tcj(~\(4\ !Injuries 
than humans, there ·1s currently no murine model that has been developed to study bot11!Jbfi4\ I 
radiation l.n'uries in the same animal. 

(b)(4) 

treatment increases the mean 

b 4 enhances the activity at 
(b}(4) for the preveniion o . Our ~roposed studies 'here will examine the effects. 
ol n combination wit or protection ofHb) 4) t adiation injuries in an animal 
model for both injuries. Our aim is to develop an effective, non-toxic radioprotectant/radtotherapeutic 
trea~ment strategy mat can be used lor protection against boltl(b)f4i !effects of radiation 
exposure •in a murine model for both types of radiation injury. 

1°')14 ), (b)(6) 
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II . BACKGROUND 
11.1. Background 
The acut~ toxic effects of exposure to high doses of iol'iizing radiation in humans have been shown to occur 
due to two sequential effects: first the ablation of immune cells resultin i11 loss of immune function and 
increasing likelihood of pathogenic infeerio - b 4 and subsequemuy the lo~s of 
epithelial progenitor cells of the gastrointestinal (GI) crypt b 4 
aoth of these events have been she1wn to be due to the lo!.'s.s,....o"",...,,.,,.a=s'"'-g""r""ow,.,..._ ""in"""g"""p....,.u"""'r""1po""'t'""e"""n"'"a""n""'--..,.;o=r"""'p"'"ro.,,..._g""e'""n""i =or,,...· c=-e,..,,.....· 1 

types, fhe time course of the acute injuries correlates with the life span o1 the maiure cell types of the ~issue, 
which are not replaced because of radiation damage to the adult pluripotent cells and adult stem cell's. There 
is cmrMtly no FDA ~pproved prophylactic or treatment for prevention of acute radia:tion injuries following 
high-clos*b)(4) tadiai:ion exposure. 

,,..........,._1..,,n some cases supportive measures can be used to treat acute radiation syndrome, and survival from 
l(.b)(4) I radiation exposure is now possiblel(b}(4) I This results in current effior1s to mitiqaie 
or tnmt later stane effetts of ionlzino radiation exnosureJlb·1c4 \ 
(b)(4) 

In humans death from radiation(b)(4) lean occur following survival from 
(b)(4) I cumulalive evidenite from a 
number of laboratories. Including our own; shows that !hare is a ihreshold dose of radlaiion oj(b)!4) Ito 
induce suffUcientHb)(4) ltor thEfChH4) Ito occur inm1c:e: beJaviJb.ese_rl_ose_sj rn:i 

erma:nent Injury manifests; although some shott-terrn effects. ate observed Hb)(4) 
b '4 However, in humans, there is currently no accepted protocol for p"". r .... e .... ve_.n ... ta"'"'-t ... iv-e""'tr_e_a.,..trm- e-n""'t-o .... fi __ _, 

radiation-induced b ( ) and morbiditi as hi h as 50% Is associated with each hase 
(b (4) 
b ·4 nJunes rom rad1a11tin rs considered to be a serious problem m the 1e10 for fM development ofl 
agents io prevent these radiation Injuries. 

(b)(4) 

lb) 4) A single 1.:JL dose of..,b......,.4...__ _ _,_.,.....,..,.... ...... .,..__...,....,.... 
(b){4) , ... admlmstere ir pnor io a et al dose of ra .1at1on resulted inlf!tljday survival rates of 65%, 91 %, and 85% 

r.es ectiveiy. Mice receiving saline or PEG vehicle alone survived at 8% and i5% respectiveiy. Ail doses of 
(b)(4) protected mice significantly (p < 0.001) better than vehicle or saline control groups, 

-e behavi - - - -1e mice receiving a single Lp. injection (0.1 ml) of saline. 
PEG vehicle, or (b)(4) LocomQtor aotlvity (total distance traveled), grip strength 
and ~or coor 1nat1on ~ere eva:uate on a 4) ost-in'ectron and bodX weight was measu~ed 

(b)(4) ,, ............ overl.....Jdays. On da b)t4) tissues from the testes. 
liver, adre,nal gland, rnesentenc lymph node, spleen, and one marrow o the emur and sternum were 
collected, fixed in ibuffsred formalin, paraffin embedded, sectioned, and stained by hematoxylin andl eosin, 
The r:esults indicated that 1here were no significant effects o4fo)(4) t:>r vehicle on locomotof activity, grip 
stirength, motor coordination. or body weight, compared to the saline-treated control group. Im add1\tlon, no 
gross morphological changes or histopathological alterations were observedj(b)(4) I 
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b)(4) as a radl() rotectani and an antitibrotic a ent: l(b)(4) land its 
proteolytic iproduct (b)(4) are believed to have their primary b101ogioa1 funcMns in blood 
pressure homeostasis. However, 1u1.ve been demonstrated to be upregulated in fibrotic 
tissues. Inhibition o~(b)(4 lor blockade of th teoe tors on cells has been shown to amellorat.e dru = 

in b 4 n muno n r mo i - fo (b)(4) 
(b)(4) 1 c ''-c_c_p_o_r_a:_n,_a_g-on_1_s ,_s_a_s_o ___ fe __ ve- n ... _ -ca- r""'.-1a-c-re_m __ o.,..e-1'""n-g"""o--o_w_in__.g1 

....,..,..,.... ............... .a;o;t cardiac remodeling diseases (b)(4) Several studies have also 
~~...._. .......................... .......,.._.. ...... __ ___. .... i ...... 11...,l,...lng mitigates radiation=induced injuries, including to the heart and 

One study shows tl"'lat the 4 roouee>s acute 
... d .... a_m_a_g_e ... t-o""'th,...e""'j,...e"""ju-n-al,...m_u_G_O_S_a"'"in_m __ ... ic-e ... t...,o """lo-w~inQ expos - to (b)(4) Hlis work examined 

only iniiial tissue injury and did not extend findings pas .mortality. A Stlcon~L\~)(~) 
stu~y_found a roduction h 4 I 
rad1alio b) 4) 

Prellmirnary SUJdies: 

(b)(4) 

5 of 25 



{b)(4),{b)(6 ) 

11.2. Literature search for Duplication 

11.2.1. literature Sources Searched 
1} B'iomedical Research Oat.abase (BAD} (http://www.dtic.miVbiosys/org1brdl) 
2) Cornputeir Retrieval of Information of Scientific Projects (AePOATER) database 
(http :J/projectreporter. ni h .gov /re porter .cfm) 
3) PubMed (http://www.ncbi.nlm.nih.gov/entreziquery.fcgi?db=PubMed) 
11.2.2. Date of Search 
Data base searches conducted on 8)06/12. 

11.2.3. Period of Seareh 
Searches conducted for the entire time periods available in each data base. For BRO, 1998-2012: for 
RePorter. 1972-20~ 2. For PubMed, 1970-2012. 

11.2.4. Key Words of search 

r::~: we: oed::•d 11:0 the Wllpwjna key woW oombjoa!ITTQs 
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(b )(4) 

2) A RePORTER search revealed 8 current grants studying the effects of radiation 011._l<b_)_(4_) ___ ___. 

(b )( 4) 

None of the 'funded studies duplicate our research of (b)(4) 
l(b)(4) I 

3} PUIBMED Search 813109 
None of the publications available described a murine model for both ... l( ..... b) .... (4 ..... ) ________ __, 

l<b)(4 t njuries from radiation. 

{b )( 4) 
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(b)(4) 

~ummatv of nther nui-.tic::i tioni::: 
(o)(4) 

111. OBJECTIVE I HYPOTHESIS 
Our objective is to: i) continue development of a murine model t,.,,or,...bo.,.....th_t._h.._e1..:.(b""")"'-(4 ...... ) ___ __,, _ _. 
l(b)(4) !injuries; and 2) examine protective effects of (b)(4) against these lwo 
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inluries In the deveiooed mode1Hb)(4) 
(b)(4) 

IV. MILITARY RELEVANCE 
The Depa1rtme:nt of Defense is prepared to execute military missions within radiation environments. to 
manage radiation c6ses associated with terrorist aciivities, and to manage consequences in the event of 
nuclear weapons detonation. Recent studies indicate that there is an increasing risk of exposure to ionizing 
radiation (JR) to military personnel due to increasing terrorist activitiesj including potential us.e of stoJen 
nuclear weapons or dispersal of radioactive material in a •airty bomb" _(b)(4) I 
Because of po'!ential exposure of military personnel to radiation, the DoD is com milted to protect members of 
the Armed Services from the adverse health effects of ionizing radiation. High dose IR causes short term. 
acute injuries including hematopoetic and GI s ndrotnes. However, both high and low dose IR (as may result 
from a radiation dispersal devlte) can cause (b)(4) as demo11s1rVr" by Jaoaaese atomic 
bomb survivor data as well as accidental exposures to Russian populations l(b) _4_ I 

l(b)(4) lwhile early effects of radiation injury now have treatment/ prophylactic stra1eoi©s, tM delay@d Mtects 
currently have no tre_atme_nt. Lack of treatment for late effects of radiaU~n , including ICbJ(4) lwrll 
likely lead to delayed morbidity and mortality for personnel exposed to IF!. 

The Department of Defense {DoD) Chemical and Biological Defense Program 2007 Annual Report to 
Congress. Chapter 2.7.6 Medical Radiolagical Deten$e, addresses the requirements for the d~ve lopmem 
of radioprolectants. This priorily is outlined lcr the develo~nt of pro1eGtants for both acute and delayed 
radiation iniuries. with an emnhasis on lfb)(4) !Accordina to this reoort the mi1ida!ion of 
(b)(4) I is a major research thrust areal(b)(4) 
(b)(4) 

V. MATERIALS AND METHODS 
V.1. Experimental Design and General Procedures 
The oal 01 ttiis ro'ect is to: 1) finish development of a murine model for b0t~(b)(4 J 
b 4 effects of radiation; and 2) invesfi ate the roiettive e!f'ec"""ts-a-n""'d_m_e-c"'"h-a""'ni""'s_rn_s_o ... f _ __, 

(b)(4) l1reatment tor radiation-induce (b)(4) injuries. 

(b)(4) 
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(b)(4) 

b) 4 

{b)(4) Mice wlll be exposed to bot b 4) 
...... ~-..--"! irra 10t1an to in uce t e total ra 1atmn doses required ro. tndttce bot acute and 

"'"a~e...,.la ... y_e_GJ..,.ir11...,.,ju_r.,..ie_.s_, t,....o-s.,..im .... ·ulate the injuries that occur irt humans as a result c@t4) Jrradiatroru. 

l<b)(4) hra:diation will be pMormedJlb)(6) I using the standard Lucile holders for 
irradiation. Sham irradiation will be perlorrned by placmg tM nMe in Lucite holders for equal time periocis 
without irradiation. These experiments will involve short end oints l@ss tha a s) .. fm .. examirr.ati.oo .. Pf..J~H.1.L 

_ ....... Jive~.iterJa. su~vival atO ays will be used to evaluate the ...,(b ..... ) .... (4 .... ) _____ ___, 

(b) 4) radiailion used to induced b)(4) Fo~ t b)(.1) !irradiation, we will 
utilize b 6 -M modified Luci1e jigs designed based on those 
used In the Radiation Research Branch, NIH/NCI. The use of these jigs was reviewed and approved by 
AFRRl. vete.ri.nary. st~ff . Sham irradiation will be perf~rmed by placing. t~e ~ice i~?r equal ,le~gths, of 
time with no 1rrad1at1on. As measurements of~nJury and cellular 1n1ury 1n th~rom radiation, five 
criteria will be examihed: 

(b)(4) 

V.1.1. Experiment 1 
Exger.ime.n~ 1. Final development of a murine model that incorporates bothl(b)(4) 
radiation 1n um~.s . ---------------------

{b)(4) ... ~•""' ......... l~:::Jnice.;,... "::I=·· -..·n..i.p=a=in=c=a=te-"g!Q!}'=Or~E......_)=====================-----. 
Rationale: bl<4) 
(b)(4) 
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(b)(4) 

(b)(4) 

(b)(4) 

This ex,parirnent, cofllbining b)(4) osss to achiev {b)(4} dose. will also be 
used to determine ihat we do not encounter a significant effeot ra · 1e . ose. To mirtimit!:e a 
posslfbi~'(b)(4) ~ffect we wiii keep 1he interval between radiation exposures as low as possible ~""'(b-) ... (4_)_ 
min. 

T · . our development of the model, we will use five doses of (b 4 betweerl(b)(41) 
(b)(4) Groups will be: 1 · b 4 irradimlon only: and 2) b 4 irradiation · (b)(4) 
1rra 1~!1g.o., .• ,,.1.me points . ll.1 :. 4 irr i i n""w""1"""",,...,,,,· 1""'ve""'n""""'o 

............. equal a total exposure o (b,1(4) lrrMlafed 
mice. Mice wi ll first be expose t 4 1rra 1a ion 1.n t e b ·e aci 1t-. b 4 then 
anesthetized and exposed lo X-ray irradiation of th'1.,l,;b~6J.----------------' 

......... t~c.ilit . tlo.se .rat~ ·- .... I Control mice will be anesthetized and placed in holders to provide a shiam 
to (b)(4l m 1.diat1011. n ils will contn::il experiment will M . erformea to determine whether anesthesi~ 
given after b) 4 rradlation affects survivaL b ·4 · ho wed that anesthetics 
decr@aM bone marrow sensitivity to radiation ; (b)(4) show@d that pentabarbilol and 
$teroids provide protection from radialiori b 4 ut not ro · b)(4) In our experiments, we have 
obserye.~~lgn~ic.a.ntr.adJati .on.,incltJC.00 n·ur although all of our experiments uiilized anesthesia 
(ieiazo.l!xylazine) for the duration of th (b)(4) rradiation. Telazol is a combination of equal parts by 
weight of base of tiletamine llydroehlori e (2· et ylam ino]·2·[2·thienyl]·cyclohexanone hydrochlotide), an 
arylaminocycloalkanone dissocia1ive anesthetic. and zola;rnpam hydrochloride (4·[o·fluorophenyl)-tl, 8-
dihydro· 1,3,8-trimethylpyrazoio f3, 4-e] (1 ,4] diazepin·? (1 H]-1 ·hydrochloride), a non-phenothiazine 
diazepinone having minor tranquilizintj properties. Tiletamine is a dissociative anesthetic and 
pharmacologically classified as an NMDA receptor antagonisi:. In comparison, ketamine is not a drugi 
combination as is telazol, and is also classified as an NMDA receptor antagonist. Since tiletamine and 
ketamine are both NMDA 1receptof antagonists, we do not anticipate large alterations in the[3'esponse .. , .. .. (~.)~~) 
to irradiation. The experiment will be repeated because it is a generally accepted principle of the scientific 
method that experiments must be repeated to evaluate a hypothesis. 

(b)(4) . .. . Mlce needed for..experi111ent~ rbroup to teach statistical sigflificahce for survival. 
(b)(4) .. :::~nn;i_ice/grou.PL~. (.5 condiuonsrx.(.Uime-polflt} 8animais~ 

· ·' ~experiment wull be repeated 1 time to confirm findings {total[Jar:iirnals) •.•. 

(b)(4) .. §Ddpojot; The .. endpointwlll·beE]:Jays. We will measure survival at bothl(b)(4) ~ays for the study. 
Early tirne points will be taken if any animal exhibits signs or symptoms of morbidity or morilJwtdlty in 
accordance wi'ih AFRRI IACUC Policy #10 (score oi >11 as described in the AFRRI IACUC pain score 
sheet). Such animals wiil be euthanized at the time of observation. 

fable 1: Schem::itic for Exneriment 1 
(1b)(4) 
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(b)(4) 

V.1.2. Experiment 2 
Experiment 2 Determina the effect and mechanism oWbl(4l I onl(b)(4) ltollowin@{4Il 

l<t>10) !irradiation. rlrnice:O in category E) 
Rationale: Experiment t wiif"'be""used to determine overlapping effects oncb){4) I irradiation on 
ICb)(4) Jlnjur b _ b 4 __ rra_diation. This section obj'ective will be to determine the effects and 
the mechanisms of for the prevention ofJbH4\ !induced by exposure to 
~*""'__,.,...,.,.._,,, __ .,...._, 1rradiatlon. The approach wlll be to use murine model or l)olhl<bl(4! I 
(b) radiaHon in'uries developed in E:xperiment 1. We will ass·ess the mechanisms of protection using 

......,......._. __ .,....,.._..,...cellular, histological., molecular. and biochemical markers. The ra1ionar1e for Ur''lderfiaking 
this research is thal once the mechanlsrns oft<b)(4) lf)rever'ltiSl!i9({bH4\ lare known. these may 
help designing therapeutic strategies against radiation ·induce~lnjury. 

PEG·400 0.1 ml/mouse) vehicle only o ,...,(b....,).._!4.._) ____ __,. 
(b)(4) injectio diation exposure (b)(4) · ill be provided in the drinking water at ~b)(4) 

a do o b 4 er da for the duration o t e experiment starting on day 0. Mice w"'"1......,e"'"e~x~p~o'""sed to 
b (4 using (b)(4 dose rate. Subse uen!I , mice wi ll be anesthetjzed and exposed 

t b 4 -ray rra 1ation to give exposures , ual t b 4 frradiationKb)(4) ~ose rate. 
Treatment groups will be: 1) PEG; 2) PEG b -4) 3· We wlll not usetibl!4l I 
alone as we have already determined that it is not effective alone fo nu . . Acidified wat~r w~·u b · (b}(4) 
provided until after irradiation, and~ whir time it will be replaced b 4 in acidified water (b)(4) ---

(b)(6) _____ _yvater boltle..s will be prepared by-th aboralory, and will be replaced 2X per week in accordance wit 
VSD protocols. E:xtra waler bottles will be prepared in advance in case they are needed to replace a leaking 
water bottle. 

(b)(.4) .. ice per group} x (3 treatme~t groupsj_x ') tl~e point) x (JOadiation levels) {;3 ""'""' · ............. m.,-,,, .. J,!?,).~,L. 
<gH~> . ......... ~~~.~/~15p~rimi;int) . x (2 experiments)·= mice 
( )( ) .. ... · s: The linal endpoint foHhe experimenhsr-liays, Mice displaying obvious dyspnea, extreme 

le.\hargy. or other markers of rnorbundity as describe'cr'rnthe AFRRI IACUC pain score sheet (score of> 11 , 
and which appear to be in distress will be euthanized in accordance with AFRRI IACUC Policy #10 (b)(4) ill 
be histologically examined forl(b)(4) I femodeling. 
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V.1 .3. Experiment 3 
Exe!riment 3: Determination oU_he mechanism of reduct ion ofbi(ilnjury byj(b)(4) 

(b)(4) -· __ l(bi@ Jmic.e[]i~ategbry-G-c:Jin category ~ - ----

(b)(4) 

(b)(4) 
(b)(4) 
(b)(4) 

(b)(4) 

~-..::.,:.1~.lll.IOolermined.ttlat belWee (b)(.t . {iays,c=};eils exhibit markers o1Th){4) 
followin b){4) rradiation. We will investigate the mecharnsm ot acMh ot j(b)(4) 

exarnining these markers of cell injury. 

per group} x (3 trnatmont ~roups) ~ {4 til~ points) x (3D ad1ation levels} ... l(b)(4 1 
ic~lexpenrnent) .. K (2expenmeflts} mice 

............. ······ ..... {~)(4) .. 

m-lrradlated mice wlll be re.quired as controls. 

Endpoint: Endpoints for the experiments wiil be (b)(4) days. Early time points will be taken if 
any animal exhibits signs or symptoms of morbl · 1 y or mon un 1 y (scoring over 11 on the AFRRI IACUC
recommended pain score sheet} in accordance with AFRRI IACUC Policy #1 O. Such animals will be 
euthanized at the lime of observation. 

V.2. Data Analysis Mean with standard error. or percentage will be reported if applicable. A 
significance level 1s set at 5% for each test. All statistical tests are two-sided. A statislical software. SAS 
will be used for statistical analyses. 

Experiment 1: Log-Rank test will be used for comparison among groups. If significant, Fisher's exact 
test will be used to detect significant differences across the groups in survival rates ai dayCJ<aplan , {b)(4} 

.. ll/l?ier curves wiJI be displayed~ N Qnlce per group will have 80% power In detecting a significant 
difference between two groups if any, given type I error of 5% where the trea1ment group survival ra1e is 
at least 68%, compared to a control group survival rate of 20%. Similar statements would apply, ii the 
treatment group survival rates are at least 83"'/q 78%, or 73%, compared 10 vehicle group survival rates of 
35%, 30%. and 25%, respective1yl(b)(4) l 

Experiments 2 arid 3: Analysis of variance (ANOVA) will be used to detect significant difference 
among the groups. If si{Jnillcant, then the pair-wise comparlsor ~y;ukey-Kramer will be used to identify 
which group Is different from the other. For experiment 2, N "" ice.per .. gr.oup could have .. ~.Q% po~.§!.~ .. (~~.(~). 
to detect any significant difference between ~roups if any, given ype I error of 5% and deltalsigma has at 
leasd 1.4. where ttne delta is the estimated :~an djfferences hytween the two groups and sigma is the 
pooled standard deviation of the two group~(b)(4 ) ]For experiment 3. we onl need N (b)(4) 
based on our current data from radiation experiments and induction o 4 
markers. """""~-------~ 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-anlmal Alternatives Considered 
For lhe last 8 years. we have utilized primary cell culture systems to examine anli-apoptotic mechanisms; 
however, we must determine whether our culture findings are relevant in whole animals. We will continue 
to use primary cell culture whenever possible to avoid unnecessary use of animals. We have also 
considered computer models as alternatives to animals. However, this alternative also lacks the 
knowledge base and complexity needed to evaluate radioprotective and radiotherapeut1c agents.V .3.2. 
A n imal Model and Species Justification Tissue cul ture conditions cannot fully substitute for the 
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'~IUllJJl.IJl.l<..loiw.1-'~isms in response to radiation injury. Such injury involves the interactions 
ystem and other organ systems. In order to develop viable treatmen1s ior 

.....,.,.,,...,.,,.,,,..,....,,..,..,=:""~ · ole animals. 
Work by (bX6) so advocates the mouse as the best species 

to use for rad1at1on protection and radiotherapy protoco s: 1 mice provide the least sentient species 
available whose response to radiation has been clearly identified, with physiological responses to 
radiation and radioproteclants that are similar to human physiology, 2) exlensive literature is available on 
responses of mice io radiation and countermeasures. 3) more reagents are available to study u·.e relevant 
cell types and molecules in mice than in any other species except humans. and the availability of 
transgenic and knockout mice make this model extreme! attractive for further research into molecular 
mechanisms, and 4) (b)(6) have extensive experience wiih this model in 
radiation injury and ra 1opro ec ion rnsearc (b)(6) 

"'--''-'-'~~~~~~~~~~~---' 

V.3.3. Laboratory Anirmals 

V.3.3.1. G·enus I Species Mus musculus 

y.3.3 3 Slurce I Vendor 
~b)(4)tor CBA (fully accredited by AAALAC Int) 

V.3 .. 3.4. Age 10-15 weeks 

V .3.3.5. Weight Normal adult weight range for this strain : 17-21 g. 

V.3.3.6. Sex 
Female. Only females will be used in this study tor the following reasons: 1 we have so far utilized 
female mice to lay the foundation of our studies for radiation·induced ... (b.,,.).-(4..:.) _____ __,, __ _. 
injuries ; 2) because of long housing periods. it is advantageous to use erna e mice t at are ess 
aggressive toward each other. 

V.3.3.7. Special Considerations Commercially procured animals must be adventitious disease 
free. Mice- Pathogen°free. including Pseudomonas aeruginosa., and Pasteurella: All mice need to be 
free of the following agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus -3 (Reo 3), Mouse 
Adenovirus (MAD·1, MAD·2). Mouse Cytomegalovirus Virus (MCMV), Ectrornelia, K virus. Lyrnpnocytic 
Choriomeningilis Virus (LCM), Epidemic Diarrhea of Infant Mice (EDIM), Hantaan virus. Rotavirus. Mouse 
Parvovirus (MPV). Polyoma Virus, Mouse Minute Virus (MMV), Mouse Thymic Virus lMTV), Theiler's 
Mouse Encephalomyelitis Virus (TMEV/GDVll) , ~ncephalitozoon cuniculi, CAR bacillus; Helicobacterspp. 
Mycoplasma pufmonis, and Clostrldium piliforme. Endoparaslte- and ectoparasile-free. 

V.3.4. Number of Animals Required (by species) Micel(b)(4) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V .3.5.1. Refinement Animals demonstrating moribundity due to radiation e><posure ~Kb'"").(4 ... > ___ _. 
l<b)(4) lwill be considered to have arrived at the study endpoint and will be immediately euthanized 
(See sections V.4.5 Study Endpoint and V.4.6 Euthanasia).,(b)(4) ~il l likely minimize pain and 

14 of 25 



(b}(4) ................. ldistr.ess., whileLJas beM shown in studies of chemotherapy agents to function as a repair and 
_(b)(4) ~actor. 

Ketamine/xylazine anesthesia wlll be used during X0 ray irradiation to prevent stress from the time the 
mice are placed in restraint. Under the training protocol at AFRAI, under the supervision of AFFRI 
veterinary staff, we found that in female C57BU6J mice, ~12 weeks old, i.p. injection of 150 m"l"Ql.,..kg~,_......---, 
ketamine lus i8 mg/Kg xylazine results in 60-80 m in anesthesia with no morbidity or moriality) (b)(4) 

(b)(4) We propose to use this range of concentration of anesthetics. together with a heating~.""'pa..,,,d~fo,.....__, 
eep mice warm during the period of recovery from anesthesia. Stahdard lntraperitoneal injection 

methods are used for injection of the anesthesia, as recommended and approved by the AF'RRI 
veter inary staff and for which all laboratory personnel have received training at AFRRI. 

V.3.5.2. ReductionWhenever possible, control groups will be shared between experimental groups 
for our experiments. Tissues will be collecied for multiple assays from the same animals further reducing 
the total n1umber of animals needed. At every stage of the research, planned experiments will be 
reeYaluated, in an attempt to reduce the numbers of experiments and eliminate repeats of experiments 
where statistical signlllcance has already been obtained. We also plan to take as many 1issues as we 
can rea.sotnably analyze for experiments examining protein oxidation. 

V.3.5.3. Replacement At !his time, it is not feasible to use non-anrmal systems in place of animal 
models to address the research questions in this protocol. 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

V .4.1.1. A~HIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C ~(#of animals) 

p><4) I(# of animals) 
'-;;l(;::::;:b )(;:;::;4 )~~, 

...... ___ (#of animals) 

V.4.1.1.1.2. Column 0 

V.4. t . 1.1.3. Column E 

VA.1.1.1.4. Pain Cateaorv Assianments 
(b)( 4) 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Anal. esia I Tranquilization We will be unable to use analgesics 
since the have effects 011 b) 4 Unction that WOlJld interfere with the interpretation of our 
fesults b 4 Some sedatives have been 
reporled to contribute to postoperative 4 which likely reduce some functions of 
radiation. Additionally, it has been shown that the biomeuibolism of analgesics can induce protein 
oxidation, which would interfere with sarnpe analysis l(b)(4) I 

15 of 25 



Animals in experiments involving blood collection will be deeply anaesthetized immediately prior to 
sample collection. For bloOd draws we will use 150 mg/kg ketatnine plus 18 mg/kg xylazine given i.p. with 
a 25 G needle. For euthanasia. animals will be given 0.1 ·0.2 ml/mouse pentobarbital (50 mg/ml) given i.p. 
with a 2S G needle. 

An anesthesia protocol has been develoj:;ed for use during the X-ray irradiation. Ketamine will be used 
with xylazine for longer anesthesia in mice to be place in restraints to4(b)(4) Irradiation. Under the 
training protocol at AFRRI in conjunction with the AFRRI veterinary staff, we found that in female CBA 
mice, - 12 weeks old.i.p. injection of 150 mg/kg ketamine ff'ijs 18 ma/Isa xylrine results in 60·80 min 
anesthesia (25 G needle) with no morbidity or mortali~(b 4 We propose to use this 
rango of concentration of aMsthesia, together with a heating pad to koop mice warm during the period of 
anesthesia. Standard i.p. injection methods are used for injection of the anesthesia, as recommended 
and approved by the AFRRI veterinary staff and for which all laboratory personnel have received training 
at AFRAll. 

V.4.1.2.2. Pre· and Post-procedural ProvisionsAnimals will be housed and caroo for as 
described In Section V.5. Veterinary Care both before and after dose administrations and irradiation 
procodtJros. 

V.4.1.2.3. Paralytics N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1 . Sources Searchedsources searched: DoD Bioedical Research Data Base (BRO). 
CRISP, PubMED 

V.4.1 .3.2. Date of Search 8/7112 

V.4.1.3.3. Period of Search 
Search covered published manuscripts from -1965-present. (BRD search included all available years 
1998 -2012). 

V.4.1.3.4. l<ey Words of Search 
Pain. analgesia. anesthesia. mice, radiation. ionizing radiation, humane,i..;.l(b...;)..;..(4...;.) ________ __, 

V.4.1.3.5. Results of Search 
The literature search revealM that, at present, there are no alternative procedures for irradiati6n because 
its e,ffects cannot be otherwise_dl.I JLcated. In som~ cases radiation has been demonslrated to redluce 
pain in laboratory mice b 4 and has been in humans reported to allevrate cancer 
related bone pain (b)(4) A recent report showed that 
administration of otulinum toxin A was effective for reduction ot pain and muscle spasms after cl inical 
radiation for treatment of tumorsl(b)(4) I Application of natural honey 
20 min prior to radiation exposure was also snown to reduce mucositis with associated pain in humans 
following head/neck radiotherapylcbll4l I it has not been determined whether honey 
acts as a local radioprotectant. Spinal cord stimuiation has also been reported in humans to alleviate 
pain resulting from radiotherapy l{b)(4) I however. this method would not be practical 
for use in mice because of the extensive soinal cord manipulation required. Human administration of 
morphine also relieves painUbH4> 1 but again this would not be ractica1 for mice in our 
experiments because of side effects of the drug. In humans, exposure tol(b)(4 ~radiation may 
induce vomiting and diarrhea. causin . ain and distress. However, mice are not susceptible to vomiting. 
The animals that will be administere (b)(4) viii likely receive pain relief as phytoestrogens have been 
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reported to reduce neuropaLhic pain in rodents w!cbwl!.l.!C4u)_~~~-....Jlo1Jlr:flew;li~ninary results also Indicate 
thal(b)(4) jameliorates acute radiatior1-induced injuried .. (b_)_(4_} ___ __,j 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Anesthesia will ibe used befor (b)(4) rradiation lo avoid stress from restraint"l("""b)..,.(4'!"!")---------. 

b 4 In experiments where iissue collection is needed, animals will be euihanized with pentobarbifiol 
pnor ta sample collection as described elsewhere. 

V.4.2. Prolonged Restraint 
No prolonged restraint is r'& uired fo (b}(4} irradiation. Whole body!{b}(4) Js non-
invasive and unrestrain _ · ·. · _ · · aint in designed Jigs for 20, 0 min to 
receive X-ray exposure (b)(4) . anfmals will be anesthetized during this 
period see Anesthesia a ve an tails w11 e taped to one side with surgical tape. ihe jigs for use 
during (b)(4) Irradiation were examined and approved by th·e AFRRI Veterinary staff. Under the training 
protoco a RI In conjunction with the AFRAI veterinary staff, we found that In female CBA mice, - ~2 
we_ek:s old, Lp. injection of i 5? mg/kg ket~mine plus i 8 mg/kg xJlazine results in 60-eo. min anesthesia 
(25 G needle} with no morbidity or mortal1tyl(b)(4) _ _We propose to use this range on 
concentration of a'ne$thesia, together with a heating pad to keep mice warm during the periodl of 
anesthesia. Standard i.p. injection methods are used for injection of the anesthesia, as recommended 
and approved by the AFRRI veterinary staff and for which all laboratory personnel have received training 
at AFRAll. AFFRI Veterinary staff have provided training and supervision for the placement of 
anesthetized animals in the approved jlgs for irradiation. 

V.4.3. Surgery 

V.4.3.1. Pre·surgical Provisic>ns NIA 
V.4.3.2. Procedure(s) NIA 

V.4.3.-3. Post-surgical Provisions NIA 

V.4.3.4. Location NfA 

V.4.3.5. Surgeon NJA 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures NIA 

V.4.3.6.2 Scientific Justification NIA 

VA.4. Arnirmal Manipulations 

V.4.4.1. Injections 
Intra-peritoneal injections of pentobarbital for euthanasia 0.1-0.2 ml/mouse Fatal Plus (39·78 mg 
pentobarbital/mouse), will be performed with a 25 G needle, l .p. injection of 150 mg/kg ketamine plus 18 
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mg/kg xylazine will be done using a 25 G needle. This has been extensively examined by the AFriRI 
Veterinary staff and shown to effectively produce non~lethal anesthesial{b)(4) I 

V.4.4.1.1. Pharmaceutical Grade Drugs 
l(b)(4) 

V.4.4.1.2. Non-Pharmaceutical Grade Druas 
(b)(4),(b)(6) 

Endotoxln in the drugs will be measured by the Pl, or information from the company will be provided prior 
to administration of drugs to the animals. 

V.4.4.2. Bio.samples 
Blood will be takef1 under dee~ anesthe-sia. Ail other biosamples will be taken after euthanasial(b)(4) I 

l(b)(4) lor analysis will removed en bloc. intestinal tissue will be 
taken in smaller amounts (Hie irst segment of the small intestine). All other 1issues will be available to 
other researchers for tissue sharing, 

For some experiments, blood will be obtained from the animals. Blood will be taken by percutaneous intra
cardiac collection 1uslng a 23 - 22 g needle. All other tissues will be available for tissue sharing with other 
invesUgators. lntra-cardlac puncture must be performed under deep anesthesia and Is considered a non· 
survival procedure. The mouse is deeply anesthetized and toe pinch response will be used to d!eterrnine the 
depth of anestllesia. The ventral chest will oe wiped with 70% ethanol. A 23 - 22 g needle will then be 
Inserted al the base of the sternum, bevel upl<b)(4) lat a 15-20° angle directed to the left of !he 
midl1ne. Once the needle is inserted, the blood is slowly aspirated. If no blood is observed, the needle· is 
repositioned with slow aspiration. Once the blood volume is collected, the mouse is euthanized by cervical 
dislocation while still under deep anesthesia. Typically 0.5-0.15 ml of blood are coflected; sometimes less 
blood is available after radiation exposure 

V.4.4.3. Adjuvants NIA 

V.4.4.4. Mon,oclonal Antibody (MAb) Production NIA 

V .4.4.5. Arnimal Identification 
All cages wiil have cage cards identifying the trearment groups for each experiment. For expedments 2 
and 3, each animal withln a cage will receive ear punches for individual identification (1 =no cut; 2 = right 
ear upper corner~ 3 =left ear upper comer; 4 =both ears). 

V.4.4.6, Behav.loral Studies NIA 

V.4.4. 7. Other Procedures 
(b)(4) 
b 4 radiation ex osures will be carried out within (b)(4),(b){6) 
facility (b)(4 Mice will be irradiated at17bt&4~-----"'1=:. '!'=1n~u~te:-=s..,.1n=:"", "="o~rdr::e".:"r ~to:o-d::-e:"111::":"ve=:. r:-:t::::-he="· ...1 

radiation doses required )( eriments 1 and 2). Mice will be placed in well-ventilatedl 
Plexiglas boxes (standardized fo b 6 acility) tor up to 45 min, but usually less time, during 
acute irradiation p'rocedures. Following radiation exposures mice will be tmmedlately moved to standlard 
sized cages that house either 4·8 animals per cage. Holders will be sanitized after each use. 
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l(:b)(4) !irradiation 
1fhe methodology for ... Ub-) ... (4"'"'1 -lirradlatlon of mice inl(b){6) t acil i1y, includi~g-approval o~ 
holding jigs and development of anesthesia, was developed 1n coniunctmn with the AFRRI Veterinary 
Staff. 

l(b)(4) l1rradia'llcm will be performed usln.1'· ~)(~6)~-"""'T"~--~----:--~~~---:-~--.-i 
Three mice ean be irradiated in one group 6 Groups of three mice will be brought to the 

l(b)(6) !facility. The mice will be anesthetized by injeoiion and placed in ventilated jigs, which restrain the 
animals to rprevent lateral or vertical movement. Prior to irradiation , scans will be performed to identily the 

KfilE}eglon to be tar eted for rad\atlon: this will take a roxiniatel 2 minutes · er animal.. Mice willl be 
irradia~ed a· b)(4 doses; including dosage 
firom 1 b 4 For studies wilhllblC4i frradiation prior to irradiation. for which only 
lb · 1n of radiation will ~.illt....eQ...-fil animal, three animals will be prepared at one time. For 
animals thiat require the full (b (4) irradiation, one animal will be irradiated at a time. Following 
radiation exposure, mice will be immediately returned to the VSD and allowed to recover from anesthesia 
under supervision, with heating pads. Immediately upon recovery, animals will be returned to standard 
cages that house 4-8 animals per cage. l..ucite jigs will be san itized after each use. 

Whole body, non-invasive!(1b)(4) 
Non-anesthetized, unrestrain""e""'d;;iol<""'b""'H4 ... ) ............................................................................ ~-lwill require individual' animals 
to be placed in a clean plexiglass chamber (- 12 cm in diameter, - 15 cm high) for 45-60 min. Animals will 
not have food or water during this time, but they will have a continuous flow of fresh room air. Their 

KbH4) lis measured based on warming and humidifying of the air in the 
chamber. The animals will experience no restraint; no anesthesia; no drugs; or other manipulation d'uring 
this [ime. Following the measurement, to be performed in the room in which they are housed, the animals 
will be returned to their original cages. Chambers will be sanitized after each use. 

Ear punch 
The ear punch will be soaked in alcohol to disinfect it before use and between animals. The device wlll be 
placed on the pinna of the ear (external ear) in a location where the mouse will be marked tor 
idenlifteation. The punch wlli be pressed firmly to punch a circular hdie through the ear. being careful not 
to rip the delicate membrane of the pinna. The ear will then be gently separated from the device. The ear 
punch will be cleaned and disinfected in alcohOI before use in another mouse. 

Y.4. . .A_ • .8. T issue SharingFor most studie~(b)(4) I 
l(b)(4) ~ill be obtained, All other tissues will be available for tissue sharing with other investigators. Our 
laboraltory has made extensive use ol shared tissues for training and technique development l(b){4) I 
tissue. 

V .4.4.9. A1nimal By-Products None. 

V.4.5. Study wndpoint _ _ 
The endpoint forJb)(4) lmrvival studi@s will b~jfandpatt-0rn-oLsur..vival o.verJb.(3:l . . '!Y.::::: •• J~).(,~) 
posHrradiation [Period, The end· oint for radiation-induced b} 4! ~ill bee:::::Jdays postlrradiatiP.!t ....... (b)(~I· 
and the endpoint for th (b){4) studies will bellbl(4! lJays postlrradiation. Early endpoints will be used 
in the case of morbidity and morbundity. Specific health assessment criteria including rapid weight loss. 
ruffled fur, dried lacrimal lluld accumulated in the cul-de-sac o1 their eyes. a.re· cool to the touch. 
decreased appetite, diarrhea, difficulty breathing or pantingl(b)(4) I 
will used to determine early study endpoints for euthanasia. Mice exhlb1tmg these signs will be considered 
morbid and will lbe monitored by the Pl or other members of the investigative team at least twice daily, 
early morning and lale afternoon, Mice wiii be considered moribund when. in addi1ion to showing some or 
all o1 the signs of morbidity, they exhibit labored breathing plus either an Inability to remain upright or are 
unmotivated to move. Morbid or moribund mice will be automatically euthanized as described in 
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accordance wilh IACUC Policy 10. Moribund inice scoring above 11 on the AFARI IACUC-reoommended 
pain score ·slheet will be euthanized. 

V.4.6. Euthanasia 
Animals will be euthanized at the stated endpoints of the experiments by Injection of 0.1-0.2 ml/mouse 
Fa'fal Plus (39-78 mg pentobtlrbital/mouse), IP using a 25 G needle. Euthanasia will be ocmfirmed by 
cervical dislocation~ Animals which appear tti b~ experiencing pain or distress as ai result cf radiation 
el<posure or are found moribund will also be euthanized by pentobarbitol and necropsied, At the end of 
experiments, unused animals will be transferred to other protocols or euthanlzed by expos.ure to 100% C02 
from a compressed gas cylinder in accordance wiih the current American Veterinary Medieai Assqeiation 
(AVMA) ~uidelines for Euthanasia. Exsanguination. cervical dislocation, and/o~(b)(4) JNllll be 
used to ensure euthanasia. 

V.5. Veterinary Care 

V.5.1 . Husbandry Considerations All of the animais used in this study will be housed in the VSD 
facility in cages of 4-B mice. Food and acidified (2.S - 3.0 pH) water (to minimiz:e Pseudomonas infection) 
and Harlan Teklad Roden1 Dlet #8604 will be available ad libitum. The 12:12 hr (ilghts off at 6 pm) VSD 
r.oorrn light cycle is fine tor all the studies. 

V.5.1.2. Special Husbandry Provisions 

v.s. 1.3. Exceptions 
Mice willl be group housed except during the irradiation procedures as described above or in the event 
that thelr cage mates have had to be removed from the study. Under these circumstances they may be 
housed individually 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 
Experimental animals will ibe observed at least twice a day by one of the study investigators or 
technicians. VSD personnel will also monitor the animals twice a day during their rounds. As described in 
another section (study endpoint) morbid animals will be monit,ored at least twice daily, morning and 
afternoon. Tlhe expedmentai design does not contemplate supportive therapy. The justiflcatfon ior not 
providing supportive care has been described in the study end point section as well as in the pain 
cat~ory section. Critetia to be used for health evaluation while the animals are on s1udy include: weight 
loss (mice will be weighed every other day) , ruffled fur, dehydration, decreased activity, and hunched 
body position, dyspnea, or panting. Animals 0xhibiting these signs may be euthanfz@d, and considernd to 
be at the study endpoint. 

V.5 .. 2.2. Emergency Veterinary Medical Care 
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Emergency ve,terinary medical care is available 24 hours a day, 7 days a week. including weekends and 
holidays. 

V.5.3. Environmenta1J Enrichment 
V.5.3.1. Enrichment Strategy Envitonrr1ent enrichment for the mice will be provided with the 
addition of ne.stlets and/or hiding lubes to each cage. Group housing oi the mice also provld'es social 
enrichment. 

V.5.3.2. Enrichment Restrictions None. 

VL STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

I 
YRS/MOS 

NAME DEG Fl EE TRAINING DATE PROCEDURES EXPERIENCE 
(b)(6) Ph.D. {b)(6) 1, 3a, 5, 7b 7 vr 

Ph.D. 1 

Ph.D. 1,3a; s 

Ph.D. 1.5 

B.S, 1,3a,s 
S.S. i , 3a, 3b, 4a. 5, 7a, 

7b, 7c 
B.S. 1, 3, 5 

t'roceoure ario mani u1a~1on codes; p 
CGde 1- A'llih1ai handl\tig and e1;thanasla 
Code 2: Surgety (asepiic technique) pre· and post-operative care 
Code 3::c Injections pa-ip, 3b·sc. 3c-gavage} · can say 3 if t rained in all manipulations or add 3d·iv 
Code 4:. IBlood co)lectiofl under anes.thesia (4a·cardiac, 4b·postsrior vsna cava) 
Code 5,. Tissue collection (alter euthanasia) · doesn't need to be specific 
Code 6 = lmplanlation (provide deta11si 

8+ yr 

5 yr 

> 1,0 yr 

4 vr 
84!>yrs 

6 months 

Code i • Others · ·{provide protocol specific manipulations or procedures for e.g., retro-orbital bleeding, tail vein injection, or drug 
delivery) 
7a: ta'1I vein injection tor dtug delivery 
7b: 1plethysimography 
7c; ear punch 

VII. BIOHAZARDS/'SAFETV 
All the personnel will be trained as radiation users on a regular basis. All investigators and technicians 
while in the vlvatimn will use appropriate procedures as described by VSD, including the wearing of 
appropriate PPE, during observa1ion of mice. No additional biohazards will be used for these 
experiments. 

VIII. E.NCLOSIJ.RE .... s.,.,..,.,. ........ 
Drug safety sheet torl (b )( 4) lis attached. 

R~ferenees: 
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X. ASSURANCES 

Protocol Title:l(b)(4) 
l<b)(4) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the foilowlng: 

A. Animal Use: lhe animals authorized for use in this protocol will be used only in the adivities and 
in the manner described herein, unless a modification is speoifically approved by the IACUC prior to its 
impl~mentation. 

B. Oupiicatit>n of Enori: I have made every effort to ensure thaf this protocol is noi an l!lnnecess·ary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistlcal analysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Blohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, blosafety, recombinant issues, aind so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations aeseribed in this protocol are techhically competeni and have beeh properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result ot the procedures I 
manipulations. 

F. Aesponslblllty: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the p0rformance of this animai use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort. welfare, and well-being ot the 
research animais. Additionally, I piedge to conduct this study in the spirit of the fourth "A", namely, 
"Responsibility,'' which the DOD has embraced for Implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. $clentific ~evlew: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research pracfoe. 

H. Palnfui Procedure(s): I AM I AM NOT conduciing biomedical elCperiments, whlch1 may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT (both) be relieved with the use of anesthetics, analgesrcs and/or 
tranquHizer.s. I have considered alternatives to such procedures; hOwever, I have determined that 
alltemat1ve 1procedures are not available to accomplish the objec1ives of this proposed experiment. 

~bK6) I 
Principal trnvestigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(AUGUST 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the lo/lowing animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. 11 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception ot section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property (e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
cons;dered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpoge other than to evaluate the protocol, without the wrltfen permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBER f ll){61 I 

Sl.bmission Date: 1211112012 2"" Resubmission Date: 

Full Committee Review : 1/31!.!013 Rnal Approval by IACUC: 415/2013 

1"' Resubmission Date: 2/612013 EXPIRATION DATE: 4i4i2016 

~eroved/Raturned fOf Revision: 2/26/2013 Previous Protocol Number (ii related) 

SECOND TIER REVIEW 
(if reauired) 

Suomfsslon Date: 2iZ8/2013 ApprovecllBS:UllDml fgr B~lll•I~!!! : 3.'2512013 
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3/712013 2°0 Rosubmisslon De.te: 412/2013 
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• To DISPLAY this Word documeflfs red-text instructions. Rmew View 

single-click Word's Show/Hide button (shown. right) . 
located in Word's top-of-page panel (click Word's 
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"Home· tab if Show/Hide isn'l displayed). 
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I. N.AME OF FACILITY: Armed Forces Radiobiology Research Institute 

PROT10COL NUMSER~L..<b_)(6_l ____ _.. 

Ill. PR010COL TITLE:, Evaluation of novel biodosimetry technologies using non
human primates (NHP; Macaca mulatta) radiation model 

IV. CO- PRINCIPAL INVESTIGATOR: 

(Signature on File] 11 Dec 2012 

Ct>X6J e 
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1(6)(6) 

PRINCIPAL INVESTIGATOR: 

[Signature on File] 11 Dec 2012 

V. DEP.ARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent wi~h good scientific research practice. 

[Slgnattire on File 
Date 

VI. STATIST~CAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures ~hat the nurnber gf anirnals used is appropriate to obtain sufficient data and/or is not excessive. 
and the statistical design is appropriate for the intent of the study 

11 Dec 2012 
Date 

VII. ATIENDlt-IG VETERINARIAN: In accordance with Anlmal Welfare Regulations. the 
Attending Veterinarian was consulted In the planning of procedures and manipulations that may cause 
more tW!an sllght 11'r momentary pain or distress, even if relieved by anesthetics or analgesics .. 

[SiQnature on Filel 10 Dec 2012 
(0)(0) Date 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety ahd 
biohazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Si nature on file 11 Dec 2012: 
Date 
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IX. SCIENilFIC-8f.Y1E.W: Tfiis animal use proposal received appropriate peer scientific review 
and is consistent with good scientific research practice. 

Signature on filel 11 Dec 2012 
l0J(t5) Date 

X. IACUC APPROVAL: This protocol was 1·eviewed and approved by the Institute Animal Care 
and Lise Committee on ____ _ 

(Date) 
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PFtOT10COL T11TLE: Evaluation of novel biodosimetry technologies using non·human 
primat1es (NHP; Macaca mulatta} radiation model 

CO-PRINCIPAL INVESTIGATOR: 

[Signature on file] 11Dec2012 

lD)(OJ te 

PRINCIPAL INVESTIGATOR: 

[Signature on file] 11 Dec 2012 

0)(6) Date 

AFRRi SCIENTIFIC RESEARCH PROTOCOL NUMBER:._l{bl_{6l ___ __, 

I. NON-TECHNICAL SYNOPSIS 
In all potential radiation exposure scenarios, it is unlikely that radiation exposure detectors will 
he availahle for dose assessment to aid clinical management of mass casllalties. Strategies for 
e~1rly-pha.se rapid diagnostic triage of the inj ured . contnminated and non-contamina1.edl casualties 
are needed. The Armed Forces Radiobiology Research Institute (Af RRI) monkey biodosimetry 
stuJy is part of a Biomedical Advanced Research find Development Authority (BARDA) 
lnteragency Agreement (lAA) - Phase 3 plans to generate samples that will be used in the 
development of a device to determine injury from poten1bl radiation exposures by meusuring 
various biornarkers in a blood sample. Base)ine or pre-irradiateJ samples will be taken from all 
an.iu1als to establish norn1al basel.ine levels of candidate biomatkers. Most stlldies will involve 
total-body ilntdiation (TB() exposures to graded doses of gamma mys and the use of "Minimum 
Supportive Care Therapy" model reflecting the anticipated limited medical-care situation in the 
early-phase of a mass-casualcy radioJogical incident. A piloc high-dose discovery study will be 
perfonned to identify and develop new biomarkers. A treatment experiment will be completed t0 
char·acterizc the influence of cytokine anJ conventional treatme11t. on cand.idate himmu·kers. In 
this SllJ(ly, we phm to use o "Conventional Treatment Supportive Care Therapy'' approach thal 
will indude morn aggressive therapy (i.e., cyrokine lreacment (grnnulocyre colony stirnuUating 
factor or G-CSF); ad1nir1istrntion of intravenous (IV) fluids, antibiotics, blood transfusion, etc.) 
similar to current treatment practice to charactcrii:c any effects of these treatments on the 
radiation biomarkers profile. See Table 1 below for a comparison of the. two therapies. A dose-
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and time=course experiment will then be performed to val idate the se\ecred biomarkeri> for the 
dose ~md injury assessment. Tissue sharing to test other candidate biomarkers will be comddered 
via arnendme111s to maximize 1:J1e benefits from the study. Early and rapid do~e estim;;JJtes will be 
1·equired in radiation disasters that involve a large 1nimbei' of victims and a finite amcu:r1t of 
medical resources available to responders and healthcare providers. Our expectations are that this 
project will contribute lo bridge a gap that exists in the cmnmt capabilities to identify andl then 
rapidly as well as effectively to assess radiation exposure early afrer a radiation exposnte aild 
especially after a mass-casualty radiological incident. In particular, these efforts contribute to 
validating an early test to distinguish individuals exposed and injure.cl by rndiati0t1 in order to 
assist the physicians to choose the appropriate medical treatments and hence reducing the 
adverse acute effects or long-term risks associmed wilh radi ation exposure. 

Table 1. Definition of Minimum and Conventional Treatment Supportive Care Therapy 
SpecHic snpportiv<~ care regime 

Suppltnlerttary otal fluids , citms-free arid soft food , 
unalgesic for distress and mouth ulcers or bloo<ly scools. 
ther.apeurics for anti-gas. anri-gasnic ret1ux., anti-emesis. 
anti-dianhea. elevated temperature. and topical antiseptic 
for local infection 
Analgesic fot prolonged restrainl due to conventional 
treatmen t ,~upportive care, cytokine (G-CSF) 
countermeasure, sysrematic antibiotics for bacterial 
infection. IV fluids for uebydrati(Ja, anti-ulcerative 
iherapeutic for bloody stool. and wh<>le blood iran!>fusion 
for plate.let depression. 
Note. See Appendices D and E for additional delails 

II. BACKGROUND 
11.1. Backgmund 

Minimmn Conventional 
supportive treatment 

care supportive care 
thcranv theraoy 

Yes Yes 

No Yes 

Since the terrorist attack of 9/1 l/2001, risks of potential radiation exposure scenarios include the 
of detonation of nuclear weapons. terrorist attacks on nuclear reactors. covert placement of large 
sources in public places. and dispersal of radioactive substances with the use of convemional 
expftosives. Lack of availability or inaccurate initial absorbed dose estimates can result in 
suboptimril medical intervention. fo the early-phase of a radiatio11 incident. we currently rely on 
clinjcal signs (i.e., hematology changes), symptoms (i.e .. onset of vomiting). and chromosome 
hiodosimetry. Gaps have been identified in triage tools co aid first=responders, especially in the 
case of a mass-ca~ualcy radiological incident to rapidly ide.nti fy irtdi vidt1als at lisk of Ii fe
threatening e-xposures. exposed but not life-threatening, m1d non-exposed or worried weH. 

Early ~rc<1tment of populations exposed to ionizing radiation requires accurate and rapid 
b.ioclosimelry wilh a precisioll as high as possible fu dettmnine an individual's ex.poS'ure dose, 
orgfin-specific radiation injury level. and severity level~ fo1· potentia.J life-threatening acute 
radiation syndromes (ARS). The early medical-management situation requires quantitative 
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indications for early infoiation (within one day after radiation l!xposure) of cycokinc therapy in 
individuals exposed !O life-threatening radiation doses and/or bone marrow ARS as well as 
effectjve. triage tools for first-responders in mass-casualt:y rndiologic.il incidents (Ma( Yitt'ie et aL 
200:5: Waselenko et al. 2.004). 

There are two radiation scenarios for which rndiological countermeasures m-e heing developed. 
The fits! scenario is 1:1 s1nall scale i11cident where victims will have access ~o medical facil ity and 
clinjical support. This proposal, however, focuses primarily on the second scenruio, a catastrophic 
event involving large num ber of casualties. Jn this sce.11ario, there will he limited medic::1I and 
physical resources. Our interests are to develop bio<losimetric assays to permit early and rapid 
radiat ion exposure. assessment applil~able for a forwurd-field tipplica1io11. The fom1s of the main 
study design here is modeled to permit assessment of radio-responses prior to use of supportive
care medicaJ neatment. 

AFRRJ scientists have advocated use of multiple parameLer biodosimetry with em~hasis on use 
of hematolo 1 and lasma biornurkers to assist in earl ,_ Juise biodosimetry triage()(6).(b)(4) 

( ),( J( Studies have been performed in 
nwuse and non~human primate models following toraUiod irradiation (TBI) ex ::Tsurcs ro 
gamma radiation- see publications at AFRRrs (b)(6),(b)( ) 

f6><5J,(b)(d) ' I and in A._p_p_e-n"""d1,..., x--=J-. """'T=h,.....e-. -.r-a"""d1,....'o-re-~s-p_o_n-se-~ """'t,....o__.r 

hemato.logy .and body-weight changes from our earlier dose-tesponsc study is shown in 
Appendix A. Proteomic biodosimetry provides diagnostic information both to estimate absorbed 
dose and for the assessment of the severitv of injury for relevant organ systems associated with 
the ARSl(b)(e),(b)(4} JSigal et al. 20l2). Plasma (cell free) blood
cell surface markers were recently used as surrogates for blood-ceJJ counts and demonstrated to 
be diagnostically useful for dose assessment in the ear1y-phase after irradiation. Recent mouse 
studies involving combined in,iury (i.e .. radi ation and wounding) identified a suhset of radiation 
biomarkers that are not influenced by wounding. which were successfully used to accurately 
estimate radiation absorbed dose. A similar biodosimctry panel was used to ac1.:1.wately estimate 
radiation ab~orbcd dose using archived samples from a prior NHP d(>se-response study using 
Meso Scale Diagnostics' (MSD) lechnology chat permits multiplex measurements over a wide 
dynamic range. 

BARDA has asked us to sustuin our inl'.eractiMs with their contnH;rot (MSD), who has adopted 
AFRRI's biodosimetry panel and collaborated with AFRRI to expand the panel to include 
addHional organ-specific biomarkers additional to the panel described in three pate.nt 
applications (see Appendix J). Follow-on studies using animal model systems are needed to 

further develop this diagnostic system. 

Planned expetimenrs include: l) baseline measurements of candidate biomai:kers in all animals 
prior to irradiation, 2) high-dose dfacovery experiment to provide key samples for testing of 
cand'idate antibody pairs of novel hiomarkers of organ injury, 3) treatment cxp~ri1mmt to 
evalm1te the influence of conventional treatment supportive care therapy (i.e .. G-CSF, IV fluids, 
antibiotics. etc.) (See Appendix E) on candidate biomarkers, and 4) dose;response study to 
permi t cesting of selected hiomarkers for dose assessment accuracy. 
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In addition, a second goal of the study is to characterize the time course for biomarkers of acute 
phase rn1d AR.S organ injuries expressed during the cvofotion of the clinical case. (O- 60 d). Note 
that fu[J supp01tive care treatments involve JV injections likely to affect the plasma ~evels o:f 
some biomarke1-s and hematological parameters. We will request histoparhology on selected 
animals and measure ARS severity levels in this model using a NHP ARS severity-scoring 
system developed in our lahoratory. This will allow us to use hiomarkcrs lcv(!)s as prognoii~ ic 

indicators of radfation injury effects. We also plan to include rissue sharing when possible to 
maximize the be.nefits from ihe study. 

The planned studies are needed to further discovery and validation of radiation-responsive 
bioml:ltkers and develop a validated biodosimetry device, which represents the major goal of Lhe 

biodosimetry program at AFRRI. 

11.2. Literature Search for Duplication 
11.2.1 . literature Sources Searched 
Bio1nedical Reseatch database (BRO): http://btd.dtic.miJ/ 
NIH Research Portfolio Online Reporting Tools electronic resource (RePORTER): 

http://proje(;treporter.nih.gov/reporter.cfm 
PubMed: http://www.ncbi.nlm.nih.gov/entrez/yuery .fc gi ?db=PubMed 

11.2.2. Date of search 
Septe.mber 11. 2012; November l. 2012 

11.2.3. Period of Search 
BRD; 1998-2009 
RePORTER: 1987-2012 
PubMed: 1950 to 9/20 I 2. 

11.2.4. Key Words of Search 
Sept.ember 11, 2012: 
Gamma-mys and biomarkers cmd non·human primate.s and whole.-body: BRD (0), RePORTER 

(OL PubMed (()). 
Gamma-rays or x-rays or radiation and biomarkers or bioindicalors or bioassays or biological 

dosimeu·y ·Or bil>dosimetry and non-human primates and whole body: BRO (0), RePORTER 
{0), PubMed (1028875). 

Gamma-rays and bimnarkers: BRD (0). RePORTER (937), PubMed (674). 
Gnmma-rtiys and biomarkers and non-human primates and whole-body: BRD (0), RePORTER 

{O), PuhMed (0). 
X-ruys and biomurkers: BRD (0), RePORTER { 1214), PubMecl (1 1545). 
X-rays and hiomarkers and non-human primates and whole-body: BRD (0), RePORTER (ff), 

PubMcd (0). 
Radiation and bimrnirkers: BRO (0). RePORTER (942). PubMcd (14003). 
Radiation and blomarkers and 11011-human primates and whole-body: BRO (0), RePORTER (0). 

PubMed (2). 
Radhltfon and non-human primate and whole-body and dose response: BRD (0). RePORTER 

(0), PubMed (8). 



Radiation and non=human primate and whole=bo<ly and G=CSF: IJRD (0}, RePORTER (O), 
PubMcd (3). 

Radiation and non-human primate and whole-body aml G-CSF pilot: BRD (0), RePORTER to). 
J>r1bMed (0). 

High dose radiation and non-human primate an<l whole-body: BR.D (0). Re.PORT ER (O), 
PubMe<l (7). 

High dose radiation and non~hLiman primate artd whole-body and dose response: BRO (O). 
RePORTER (0), PubMed (4). 

High dose radimion ancl Mn-human primate and whole-hody ancl G-CSF: BRD (0), RePORTER 
(0), PubMed (0). 

High dose radiation and 11011-human prirnate and whole-body arid G-CSF pilot: BRD (0), 
RePORTER ({)), Puh.Med (()). 

Radiation and bio1narkers and non-bu11rnn primates and whole-body a11d blood: BRD (0). 
RePORTER (0), PubMed <I ). 

Radiation and non-human pr.imate and whole-body and <lose response and blo<XI: BRD (()), 
RePORTER (0), Pub.Med (5). 

Rudiarior1 and non-human primate and whole-hody un<l G-CSF an<l blood: BRD (0). RePORTER 
(0), PubMed (3). 

Radiation and biommkers and non-human primates and whole-body and urine: BRD (0), 
RePORTER (0), PubMed (()). 

Radiation and n<rn-hurnan p1·imate a11d wh«>le-bo<ly <111<l dose response fuld urir'te: BRD (0), 
RePORiER (0). PubMe<l (0). 

Radiaiion and non-human primate and whole-body and C-CSF and urine: BRD (0). RePORTER 
(0). PubMed (0). 

Ra<liation and biomarke:rs and non-human primates an<l whole-body and bair follicle: BRD (0}, 
RePORTER (0), PubMed C,0). 

Radiation and non=lmman primate. and whole-body and dose response and hair follic.le: BRD (0), 
Re:PORTER (0), PubMed (0). 

Radiatkn1 and non-huma.1) primate and whole-body and G-CSF and ha.Jr follk:lc: BRD (0). 
RePORTER (O), Pub.Med (0). 

Ionizing rad·ialion and non-human primates: BRD (8)~ RePORTER (3), PubMed (19). 
Ionizing radiation and non-hunrnn primates and whole-body: BRD (0), RcPORTER (0). PubMcd 

(6). 
Icmizing rad.iation and NI-IP und 0-CSF: BRD (0). RePORTER (0), PubMed (0). 
Gamma-rays and hiomarkers and non-human primates: BRD (O), RePORTER ( J ), PubMed ( l ). 
Non-hurmm p1imates and radiation: BRD (O), RePORTER (59), PubMed 1,134). 
Non-human primates and radiation and whole-body: BRD (0), RePORTER (8), PubMed (25). 
Radiation and biomarkets and non-hmnan primates and whole-body arid nail dipping: BRD (0). 

RePORTER (0). fubMecJ (0). 

Nowm1ber I, 2012: 
Gamma-rays and biomarkers and non-human primates: BRD (0). RePORTER (1 ), PubMcd (I). 
Gamma-rays 01· x-rays or radiation and biomarkers or bioindicators or bioassays or biological 

dosimetry or biodosimelry and non-human primat~s: BRO (0). RePORTER ~ 0), PubMecl 
( l 031838). 

Gam111a-n1ys aii cl biomarkers: BRO (0), RePORTER (1189), PllbMed (680). 
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Gamma·rnys and biomarkers and 11on=human primates: BRD (0), RePORTER (I ), PubM ed (I). 
X-rays and biomm·kers: BRD (0), RePORTER (1542), PubMed (1 1732). 
X-rays and. bioma:rkers and non-human primates: BRD (0), RePORTER (0), PubMed (3). 
Radiation and biomarkers: BRD (28), Re PORTER ( 12 I 6), Pub Med ( 14 I 79). 
Ra<liatim1 and binmarkers and non-htm1an primates: BRO (2), RePORTER (I). PubMed (10). 
Radiation an<l non~human primate~ and dose response: flRD (2). RePORT£R (15), PubM ed 

(24). 
Radiation and non-human primate,s and G-CSF: BRO (0), RePORTER (3), PnbMed (5). 
Radiation and non-human primates nnd G-CSF pilot: BRO (0), RePORTER (0), PubMed (0). 
High dose radiation and non=human primates : BRD (5), RePORTER (4), PubMed (16). 
High Jose radiation and non-human primates irnd dosE.) response: BRD ( l), RePORTER ll ), 

PubMed (9). 
High dose radiation and non-human priniates and G-CSF: BRO (0). RePORTER (0), PubMed 

{0). 
High dose. ra<liaLion and non-human primates and G~CSF piloc BRD (O), RePORTER (O), 

PubMcd (0). 
Rudiarior1 und biomarkers und non-human primates and blood: BRD (2), RePORTER (0), 

PuhMcd (6). 
Radiation and non=human primates and <lose response and blood: BRD (I). RePOR1ER r8). 

Pub Med (11). 
Radiation and non-hurnait primatc.s and G-CSF and blo()d: BRD (0). RePORTER ( I 0). PubMe.d 

(J) . 
Radiation and biomarkers ::md non-human p1imates and urine: RRf) (0), RePORTER (0), 

PlJhMed (0). 
Ra<liation and noti-human primates and dose response and urine: BRO (0), RePORTER (0), 

PubMed (1). 
Radiation and non=human primates and G=CSF and urine: BRD (O), RePORTER (0), PubMed 

{O). 
Radiation aHd biom;,irkers and r1011-human primates a11d hair follic le: BRD (0), RePORTER (()), 

PubMed (0). 
Radiation and non-humm1 primates and dose respom;e and hair follicle: BRD (0), RePORTER 

(0), PubMed (O). 
Ra<liation and non-human primates and G-CSF and hair foll.icle: BRD (0), RePORTER (0), 

P~1bMed (0). 
Ionizing ra<liation and non~human primates: BRO (l l ). RePORTER (3), Pub Med (1 9). 
Ionizing radiation and NI-JP and G-CSF: BRD (0), RePORTER <0), PubMed (1). 
Gamma-mys and biomarkers and non-human primates: BRD (0), RePORTER (1 ), PubMed (1 ). 
Non-hutnan primates anc.I rndiatioll '. BRO (0), RePORTER (59). PubMed ( 134). 
Non-hurmm primates and radiation: BRD (30). RePORTER (59), PubMed (135). 
Radiation and biomarkers and non-human primates and nail clipping: BRD (0), RePORTER (O), 

?ubMed (0). 

11.2.5. Results of Search 

Searches were performed using BRO. RePORTER, and PubMed on September IL 20 12. 
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Using tbe above keywords. the literature search of DoD Biomedical Research (BRD) showed no 
past or ongoing project that was duplicative to our proposed study to evaJuate the combined 
blood-based proteomic and hematological approach on biodosfo1etry enclpoirits dose-response 
relationships for radiation dose asse.iisment. dose-dependenr cliscriminatrion in.dex of radiatil)n 
exposure, and the response category se.verity score of ARS in non-human primate l'BI model!. fn 
the literature search using the PubMed data base, one of the identified publications focused to 

compare the efficacy of aulologous cell therapy after im1cliation combined with G-CSF injections 
with 0-CSF tream1ent alone in a heterogeneous model of irradiation representative of an 
accicleutal ~ituatio11 (Int. J. Radiation Oncology Biol. Phys., Vol 63, No. 3, pp 911 -920, 2005). In 
another PubMed publication two cytokines G-CSF and i nterleukin~6 (IL·6) were identified as the 
candidate bion1::.irkers of CBLB502's rndioprolective/mitigutive efficacy (J Phannacol Exp Ther. 
20 I '2 fol 26). ln our study the focus is to investigate the modifying effects of cytokine (G-CSF) 
tteathie1H on puriel of bioma:rkers in non-human prirnJ'.lte T.BI 1liodel to identify and val:idute 
panels of protein biomarkers that can be used in the radiation dose and injury assessment, ARS 
diagnosis, and the influence of cytokine and conventional li-eatments (i.e., blood transfusion, 
ai1tibiotic therapy. etc.). 

The search in Research Portfolio Online Reporting Tools electronic resource (Reporter) does not 
show any duplicative projects to our proposed study. 

Searches wete performed using BR.D, RePORTER, and PubMed on November I , 2012. 
The I Nov 2012 keyword literature search for duplication. omitting the word "whole bo<ly", 
reve~Jed few more hits. Notably. in PubMed search with keyword "radiation and non~lmman 
primates and G-CSF'', one srudy (J. Rael, Res. 2012; 53, 640·853j with mice showed that the 
survival-enhancing effects of 5-AED (5-androstendiol) are dependent on endogenous G-CSF and 
are associated with functional activation ljf inruue immune cells <lurii1g the acute radiation 
syndrome (ARS). Another report popped up under BRD database wilh the. keyword "ionizing 
radiation and NHP and G-CSF" regarding a study initiated at AFRRI in 2008. The study was 
aimed to determine the ability of G-CSF a11d CBLB6 I 2 to mobilize stem cells illto the peripheral 
blood of NHP after transfusion again~t gamma-irradiation. Later the stu<ly was abandoned due to 
technical difficulties and expenses. Other 10 hits with R~PORTER-databai>e wit:h the keyword, 
"radiation and non-human primaces and G-CSF and blood" were found to be irrelevant to the 
mode of our study. 

Ill. OBJECTIVE J HYPOTHESIS 

General Hypothesis: 
MultipUe h1ood protein biomarkers along with hematological surrogates will provide. e.nhanced 
diagnostically useful indices to discriminate between injured and i.rTadiated individua.ls. A panel 
of protein biomarkers, each with different radiation responses. coupled with pe.ripheral blood cell 
counts or hematology surrogates will provide accurate assessment as well as an enhanced 
discrimination index of radiation exposure. 

Using a NHP total-body radiation model the proposal's obj~ctivcs <tre to: 

l) Estahli.sh baseline levels of candidate biomarkers (Experiment #I). 
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2) Perform a pilot high dose experiment to permit testing of the measurement of novel organ 
specific biomarkers in isolated peripheral blood using commercially available antibodies 
(Expeiiment #2). 

3) Evaluate the effects of "Conventional T1-eatme11t Supportive Care Tberapy (G-CSF. lV 
fluids. antibiotics, blood transfusion , etc.) for radiation injury on the candidate 
hiomarkers (Ex.periment #3). 

4) Measure biotnarker responses in a time~ and dose-.-esponse .study eo evaluate Lhe. 
suitability of the selected biodosimetry hiomarker panel to accurately assess radvation 
dose (Experiment #4). 

5) Characterize radioresponse of animals following radiation exposure to permit corrd ation 
of biumarker levels to effed as measured by se.verity score uf histopathology or ARS 
(Experiments #1-4). 

6) Col1sider tissue sharing (.i.e .• urine, fingernail cljppings, etc.) in these studies to ~naximize 
benefit from the study (Experiments # 1-4) vfo subsequent mnendmenls/fiissue sharing if 
required. 

IV. MILITARY RELEVANCE 
Radiological terrorist attack or accidei1tal mass=casualty exp(lsures is highly possible. Military 
personnel responding to such emergencies can be exposed to radiation. Recognizing 
unpre<l ictable mass casualties, U.S. Department of Defense has given top priority. as stated in the 
"Defense Tech,1mlogy Obje:ctiv©s (DTO)" to the developlllent of rnedical c.ou11fenneasures to 
radiation exposure" against both early- and Jatc-arisi11g health effects. In the case of mass 
casualties, it is difficult to screen out the seve.rely exposed parient from the Je.ss exposed or not 
exposed individuals dne Lo l@ck of' immedi ate and 1;onvenient dose measurement technology. 
This study will detennine if the combined proteomic and hematological approach is feasible for 
biodosi1netry whole-body radiation dose assessrfie.m and al~o provide an enhanced discrimination 
index of radiation exposure to effectively manage radiation~casualty incidents or nuclear events. 
In the case of such an event, rapid and accurate assessmenl of radiation dose would be necessary 
to guide treatment deci sions. This strategy addresses the tleed for developing a hi gh-throughput 
mult iparnmet1·ic "Field Radfofogical Biodosimetry" system and promotes effective command 
decisions and Fon~e structure planning to ensure mission succes~. This system should be 
compatible with milicary field laboratories, homeland security applications, as well as with 
radiation therapy centers to asse.ss ra<l.iation exposure based on blood protein bi01t1arke,rs 
capability. In addition, ~tssessment t)f a population's exposure in other radiation threars, SU(;h a!4 
nuclear accidents and terrorism mass-casualcy scenarios addresses the. need for a "Clinical 
Radiological .Biodosimetry" system to provide physicians with the ability to triage radiation 
vict,ims, make appropriate trearmenr decisions. and re<.luce uncertainties associated with the 
variability of individual response to radiation exposure. This proposed study is designed to 
support u BARDA fonding contractor (MSD) to develop and validutt~ a biodosimelry device. In u 
recent survey of requirements from the warfighters cont.lucted by the Joint Re.quirement"' Office, 
medical diagnostks including radiation biodosimetry was rated with the highest priority (#14) 
among the radiological countermeasure requirements (i.e .. medical countermeasures - pmtcctant, 
treatmetlt). 

V. MATERIALS AND METHODS 
V.1. Experimental Design and General Procedures 
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Baselfoe levels of candidate biomarkers und an ARS severity score will he measured in all 
animals pre-irrndiation (Experiment #1). Non-human primates (NHPs). rhesus monkeys will he 
exposed to total-body gamma irracJiation in AFRRI's Cobalt Facili.ty. Pilot single high-dose 
discovery (Experiment #2) and conventional treatment :mpprn1ive care therapy (Experiment 
#3) experiments wilt be performed for discovery and evalmition of promising new biomarkers as 
well as for evaluation of G-CSF cylOkinc treatment and additional suppmtivc care therapy on the 
c~tndidate radiaLion bion1arker profile. In support of Experiment #3. six NHPs will be used as 
whole blood donors. These donor animals will be perlnitted a 30-60 d recovery period and if 
they demonstrr1te a normal hematology profile, they will be used as study anima~s in other 
experiment.!>. Ln addition a range of radiation doses (0. I. 3.5. 5, 6.5. and 8.5 Gy at -0.56 Gy/rnin) 
wilJ be used to explore the dose dependency of the various technologies (Experiment #4). See 
section "Study Endpoint (V.4.5.) for details regarding the expected outcome for NHPs in this 
study. Samples will be acquitcd at a f'ange of tirne points befote and afte.1· tadiation (as be.low) to 
cletem1ine the time course of the biomarkers in this :,;ystem. 

An ARS response severity score will be assessed prior to radiation (baseline; Experiment #1). 3 
- 4 times per week after imtdiation. including complete blood Gt)tmts with differentials 
(CBC/difO, body weights, body temperatures, etc. (liee attached ARS Severity Scoring Sysre.m 
sheet, Appendix B). Body widths will be measured prior to irradiation to support accurate 
dosimetry. CBC/diff wm he determined using the VSD cli nical hematology analyzer or in 
anoiher appwved lahorntory (e.g .• Bio Reliance). Othe1~ biornurkers will be assessed at 11'111ltiple 
time points as described below. 

Rhesus macaques (Macac:a mulatJa) will be housed singly in stainless sreel cages. On the 
morning of irradiation, animals ·will not be fed. 

The times of ernesis for each animal will be. recorded during the first 12 h after itrndiatio11 as 
described in Appendix B. Each animal will be observed at least twice daily for evidence of pain 
or distress hy VSD techs or caretakers during rnunds. Research staff will also monitor tho status 
of NHPs daily .. As the animals start to become ill. the research staff will increase. the mo11itoting 
frequency accordingly. A rhesus macaque ARS response severity scoring system has been 
c.Jeveloped and wi11 be used in these studies (See Appendix B). Clinical assessment of the NHPs 
will he conducted throughout the study. This would include such parameters as hydration status, 
presence or absence of fever. let.hergy ur diarrhea, assessment of the respiratory al\d cutat1~ous 
systems and changes in the CBC. Blood for CBC wilJ be collected and analyzed at 1 and 2 weeks 
before irradiation and at least 3 ti mes per week after irradiation. Body temperature wi II be 
dctem1ined 3 times per week using implanted microchips (TPTT-200: BMDS, Seaford, DE) in 
chaired monkeys in daily rounds beginning approximately one week prior to the. first tre.aunent. 
(Bakombe et al. 2004). The time of each cemperarure colle.ctio11 will be recm·ded foi· each 
monkey. Body weights will be determined at ieast once prior to radiation exposure and at least 3 
times per week after irradiation for 60 days. The primary endpoint for the studies is the 
radioresponse or plasma biomarkers. AFRRrs additionaJ primary study endpoints will be 
mo1taHty (or moribundity) along with ARS- subsyndromes biomarkers (i.e., kinetics of 
neutrophil, platelet, and lymphocyte coullts, other blood count and differential leukocyte count 
vari<tbles, GT severity score), acute injury- and ARS organ injury plasma biomarke,rs, and serum 
amylase activity. 
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Figure l i llustratcs chc overall schedule for the four experiments. The Summary Tables -
Schedule A. B. and C shown below provide a more detailed sequence for individual animals. 

Figure 1. Novel Biodosimetry Technology: Schedule 
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V.1.1. Experiment 1 

PREt 

Animals: all animals in the protocol study (36) 
Injection: micrnchips will he injected into unimal" under ketamine (IO mg/kg; via intTamuscular 
(ll\1) in,ieclion using 12 gauge needle and syringe: see Section V.4.4.l. 
Radiation doses: NA 
Radiation exposure: NA 
Treatment: NA 
Assays: baseline levels of body weights. body widths, body temperatures, be.matology (see 
Appendix C), blood chemistry (see Appendix C), proteomic hiomarket parameters (see 
Appendix C), and ARS severity scores (see Appendix B) will be measured prior to i.tntc.l iation 
Time course: 1-2 times per week, 2-3 weeks (see Appendix C for specific details} 

V.1 .. 2. Experiment 2 

Pilot high-dose dis<..'Overy study: 

Animals: 2 per dose (11 = 4) 
Radiation doses: 0 and 6.5 Gy [2 dos€s]. 
Radiation exposure: TBI will be given as a single exposure 
Treatment: "Minimum supportive care therapy"; See Appendix D for additional de.tails. 
Assays: body weights. body tempera111rns, hematology (see Appendix C). blood chem.istry (see 
Appendix C) proteomic biomarker parameters, and ARS severity scores (se.e Appendix B) will 
he memmrec..I after iftadiation. 
T·ime course: (Pre), 5 h, l, 2, 3, 4, 5, 6, 7, IO days and later time~points (2-3x. weeks up to 60 
days) in survived animals: see Appendix C for specific details. 

V.1.2. Experiment 3 

Pilot "Conventional Treatment Supportive Care Therapy" study: 

Anifnals: 4 per dose (n = 8) 
Radiation doses: 0 and 6.5 [2 doses]. 
Exposure: TBI will be given as a single exposure. 
Treatrnont: "Conventional Treatment Supportive Care Therapy" including G-CSF treatment (W 
µg/kg, once a <lay; 22-25 G needle; SC, I-ml syringe) starting 011 day I after e.xp()lmre arid 
continuing until the recovery of ahsolute neutrophil count (ANC) >= 2.000 µL· 1 for 2 const;cutive 
days along with "convencional supportive care therapy" approach that will include more 
aggressive therapy (i.e., administration of IV tluids, whole blood trnnsfusions, etc.); see 
Appendices E and H for additional details. In the case of 6.5-Gy irrndiated NHPs where we 
expect to perfonn whole blood transfusions, we e.xpecr the duratioo of G-CSF trearme,m to 
continue for --20 days. 

18 



Assays: body weights, body cemperatures, hematology (see Appendix C). blood chem.lstry (see 
Appendix C) proteomic biomarke,r parameters. and ARS severity scores (see Appendix B) will 
be measured after irradiation. 
Time course: (Pre}, 5 h, l, 2. 3. 4, 5, 6, 7. 10 days and later time poi11ts (2-3x weeks up to 60 
days) in survived animals; see Appendix C for specific details. 

Whole blood donor aninials: n=6 [Smdy animals are planned to be used for blood donation. lf 
there is a need where study blood donor animals are nor available, t-hen Protocol Pls will request 
for use of VSD residence pool animals. which have been approved for u~ for this purpose J. 

Radiation dose: NA 
Exposure: NA 
Treatment: NA 
Assays: baseline levels of body weights, body widths. body temperatures. hemauology (See 
Appendix C), blood chemistry (see Appendix C) and ARS severity scores (see Appendix B) wiJl 
be measured to assut'e health suitability for blood donation. 
Note. Guidelines for blood donations volumes for whole blood transfusions t.o support the G
CSF Treatment Study guidelines (See Appendix E) are shown in Appendix H. Six animals will 
be used to this purpose in the early-phase of the study design. Animals selected for donation will 
be rotated to assure sufficient recovery period ( l month) between repeated whole blood 
don~1tions . The re<.:<Wery period for repeated blood do1u1tion is ex.pect~d w be I month, which 
will be confirmed by a normal hematology profile. 

V.1Jl. Experiment 4 

Dosimetry algorithm study: 

Animals: 6 per dose (36) (We plan to re-use surviving sham animals for later use in radiation 
cohorts). 
Radiation doses: 0. t, J.5. 5, 6.5. and 8.5 Gy [6 doses]. 
Exposure: TBI will be. given as a single exposure. 
Treatment: "Minimum Supportive Care Therapy"; See Appendix D for additional derails. 
Assays: body weights, body temperatures. hematology (see Appendix C), blood chemistry (see 
Appendix C) protelH11ic biomarker parumeters (see Appendix C), and ARS severity scm·e11 will 
be measured after i1radiation 
T4rne course: (Pre), 5 h, 1, 2, 3, 4. 5, 6, 7. 10 days and later time points (2-3x weeks up to 60 
days) in surv ived animals; see Appendix C for specific details, 

V.2. Data Analysis 
All hematology, vital signs (including weights), serum chemistry. plasma protein htomarkers 
levels dnta will be. summarized using descriptive statistics on each assessment time for each dose 
cohort. Continuous variables will be summarized using sample size. mean. standard deviation, 
minimum and maximum values. 

Statistic.al software. PC SAS. will be used for statistical analysc,s. If applicable. analysis of 
variance or rn 1.lltivatiate analysis of variance (MANOV A) will be use<l for c:omparison among 
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the groups. If significant. appropriate pairwise comparisons will be used. The significance level 
will be set at 5% for each test. Linear regression. Fisher's ex~ct test or McNe:mar test will be 
used if applicable. All statistical tests will be two-sided. Adjust.ment. of multiple tests wHl not be, 
made. 

Justification o.f sample sizes: for any primary outcome variable. in each experiment, the sample 
size of 6 monkeys will give 80% power to detect any difference between any two groups. if any, 
by assuming that type I error= 5%, type 11error=20%. and delta/sigtna at least l.8. where delta 
i~ equal to the absolute difference between the means of cwo groups. ~md sigma = the pooled 
standard deviation in the applicable statistical model. 

V.3. Laboratory Animals Re~oired and Justification 

V.3.1. Non-animal Alternatives Considered 
The purpose of this study is tll evaluate radiation hioJosimetry diagnostics involving use of 
organ specific turgeti; lhat have been initially ev:.duated in rodent models, tested in NHP models, 
and in selectecl cases used in human radiation accidencs. This technology is expected to be used 
with lm1nun stlmplcs in a fo1~wmd deployment scenario, considefing portability, accur<tcy, ttnd 
ease-of-use. lt is not possible to experimentally irradiate human subjects to test this technol<)gy, 
nor can presently available computer modeling or cell culrures studies adequately mee.t the 
research objectives. 

V.3.2. ~nimal Model and Species Justification 
The FDA has uccept~d rhesus macaque as an apptoptiate animal WiMel ror testing radi.atio11 
countermeasures under the "Anima1 Efficacy Rule';, where it cannot be performed in humans. 
Rhesus macaques arc the model of choice for 1neasure111cnLs of experiment<tl radiation dose hy 
using the current taJiation biomatker panel. The b~omarker technology has already been 
demonsni:ued in rodent animal radiation models and in seJecte.d cases in NHP radiation models. 
NHPs are more relevant to humans than other animals. Antibodies for NHP biomarkers are more 
readily available for measurement of candidate radiation biomarkers than in the minipig model. 
Therefore, this study in rhesus macaques is being 1mdertaken to guide future development of the 
radiation blood plasma biornarker pat1el device, 

V.3.3. Laboratory Animals 

V .3.3.1. Genus I Species Macaca mulattu 

V.3.3.2. Strain I Stock NIA 
V.3.3.3. Source I Vendor 
Animals will be obtained from Veterinary Sciences Department (VSD} approved vender. 

V .3.3.4. Age 3 to 7 .5 yrs 
V.3.3.5. Weight 3 to 8 kg 

V.3.3.6. Sex Ma.Jes and Females (-50% split requested from vendor) 

V.3.3.7. Special Considerations 
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Healthy NHPb are ordered in accordcu1ce with VSD rcqulrcmencs outlined in tbe NHP 
procurement comrac1. NJ-It's will be pole and collar trai nod by the vendor. 

V.3.4. Number of Animals Required (by species) 

Rhesus monkey (Macaca mulana): 36 

V.3.5. Refinement, ReductiCJn, Replacement (3 R's) 
V.3.5.1. Refinement 
Implantable microchips (fPil-200; BMDS, Seaford, DB) will be injected for ID and temperature 
1'.neasurements lo lessen animal stress during the observa1ion period. See Appendix I for a 
detailed description of the subcutaneous microchip implantation using a 11eedle (12 Gauge) and 
syringe like device. The endpoint currently mandated by the PDA for approval of radiation 
countermeasures is mo1tality. Mrnihundity will be used as a surrogate for mo1tality, nnd 
euthanasia will be used in order to minimize pain and djstress, using an extensive set of criteria. 
See Appe11dix G for a detail.cd description of the clitti~al observations with criteria for 
euthanasia. 

V.3.5.2. Reduction 
A total of 36 NHPs will be used in this protocol. We hove made significant efforts to maximize 
tesea1'ch use of this model. No11-irra<liated animals in Experirnents #2 and #3 will be reused in 
the subsequent Experiment #4. We plan to consider tissue ~haring and collaborations. via 
IACUC protocol amendmenls, to enhance the benefi ts of the study. At every stage of the 
protocol, plans will be reevaluated in Light or incoming data. in an atlempr to reduce the number 
of experimenis. If it is determined at any point that the proof of principal studies are 
inconclt1sive, then the 1'est of the experiments using other NHPs wlll not be performed!. 

V.3.5.3. Replacement 
None. 

V.4. Technical Methods 
V.4.1 , Pain I Distress Assessment 
V .4.1.1. AIPHIS Form 7023 Information 
V.4.1.1.1. Number of Animals 
V.4.1.1.1.1. Column C _ o_ (#of animals} 

V.4.1.1.1.2. Column D _o_ (# of animals) 

V.4.1.1.1.3. Column E _36_ (#of animals) 
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V.4.1.1.1.4. Pain Category Assignments 

~~======ccJC1=oE11 ~ u Dl E 
3,1,4 
3,1,4 
3,1,4 
3,1,4 
3,1,4 
3,1 4 
1,2 
1,2,1 ,4 

1,2 
1,2,1,2 

NI0-1: Donor => PRE=> Dose Alaorithm (8.5 Gv) 
NI0-2: Donor"'> PRE"'> Dose Alaorithm (6.5 Gvl 
NI0-3: Donor -> PRE=> Dose Alaorilhm (1 Gvl 
NI0-4: Donor"'> PRE .. > Dose Alaorithm (1 Gvl 
NI0-5: Donor => PRE=> Dose Alaorithm (3.5 Gv) 
NIO-G: Donor •> PRE -->Dose Alaorithm (3.5 Gv) 
NI0-7: PRE=> HD studv (6.5 Gv) 
NI0-8: PRE=>HD study (0 Gy) =>PRE=> Dose 
Afaorithm (3.5 Gv) 
NI0-9: PRE=> HD studv (6.5 Gv) 
NI0-10: PRE=>HD study (0 Gy)=>PRE=> Dose 
Ak1orithm '" " "" ·' 3.5 Gv 

_1.~ _ NI0-11: PRE=>Tr~_~tment (6,§ Gy)_ 
1,3, 1,4 NI0-12: PRE=> Treatment (0 Gy)=> PRE=> Dose 

Alaorithm '" "' ~ 8.5 Gv 
1,3, 1..4 

1,3 
1,3, 1 ,4 

1,3 
1,3, 1,4 

1,3 
1,4,1,4 

1,4,1,4 

1,4 
1.4 
1,4 
1,4 
1.4 
1,4 
1,4 
1,4 

1,4, 1,4 

1.4 
1,4 
1.4 
1,4 
1.4,1,4 

1,4,1,4 

NI0-13: PAc=> Treatment (O Gy)=>PRE=>Dose 
Alaorithm (8.5 Gv) 
NI0-14: PAE=> Treatment (6.5 Gvl 
NI0-15: PRE=> Treatment (0 Gy)=>PRE=>Dose 
Alaorithm (6.5 Gv) 
NI0-16: PRE=> Treatment (6.5 Gy) 
NI0-17: PRE .. > Treatment (0 Gy)->PRE->Dose 
Alaorithm (6.5 Gvl 
NI0-18: PRE=> Treatment (6.5 Gy) 
NI0-19: PRE=> Dose Algorithm (0 Gy)=>PAE=>Dose 
Alaorithm (3.5 Gv) 
NI0-20: PRE=> Dose Algorithm (0 Gy)=> 
PAE=>Dose Aloorithm (3.5 Gvl 
NI0-21: PRE=> Dose Alaorithm (8.5 G'f 
NI0-22: PRE ... > Dose Alaorithm CS.5 G\i 
NI0-23: PRE=> Dose Algorithm (6.5 Ch 
NI0-24: PRE,..> Dose Alaorithm (6.5 G\i 
NI0·25: PAE=;;. Dose Alaorithm (5 Gv) 
NI0-26: PRE=> Dose Alaorlthm (5 Gv) 
NI0-27: PRE=> Dose Alaorithm (1 Gy) 
NI0-28: PRE=> Dose Alaorithm C1 Gv) 
NI0·29: PRE•> Dose Algorithm (0 Gy}•> PRE•> 
Dose Alaorithrn (1 Gvl 
NI0-30: PRE=> Dose Algorithm (0 Gy)=> PRE=> 
Dose Algorithm (1 Gy} 
Nl0·31: PRE=> Dose Alaorithm CS Gv) 
NI0-32: PRE=> Dose Alaorithm (5 Gy) 
NI0-33: PRE=> Dose Alaorithm C6.5 Gvl 
NI0-34: PRE=> Dose Alaorithm (6.5 Gy) 
NI0-35: PRE .. > Dose Algorithm (0 Gy)•> 
PRE=>Dose Alaorithm (5 Gv) 
NI0-36: PRE=> Dose Algorithm (0 Gy)=>PRE=> 
Dose Alaorithm (5 Gvl 

1 
1 , 
1 
1 
1 
1 , 
1 
1 

1 
1 

1 

1 
1 

1 
1 

, 
1 

1 

1 
1 
1 
1 
1 
1 
1 
1 , 
1 

1 , 
1 
1 
1 

1 

0 0 36 ~<1=' .' 
3: Conventional treatment . · .... -- --. , __ . with selecte~ .~if:"tt:"' • · .. II" used as blood ::rs a . " . 
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V.4.1.2. Pain Relief I Prevention 
V .4.1.2.1. Anesthesia I Analgesia I Tranqu i lization 
A. Anesthesia/or Subdermal Implantable Microchip Tt!mperature Mo1Jitor /11seriim1 

This pmcedu1·e will be perfo1·med by a vere.ri11aria11 or a trained veterinary technician with the 
primate not fed in the morning. 

1. The AFRRJ veterinarians will access the general health of the NHPs prior to anesthesia to 
ensure that each animaJ is healthy enough to undergo the procedure. 

2. Fast 12 hours prior to anesthesia (water OK). 

3. The primate is sedated with ketamine IOmg/kg via intramuscular (lM) injection to sedate. 

4. See Table entitled "Provisions for Both Pre- and Post-Procedural Care" below and 
Appendix D and E for additional details. 

B. Tranquilizalion .for loading into radiation boxesj transport to 6°Co facility. mea.sutemeitt of 
mid~bf>dy widths, irradiation ''f NHP.~, and transport back ltJ VSD facility. 

This procedure will be performed by a veterinarian or u tr:iined veterinary technrcian with the 
primate fasned OYer night prior to procedure. 

I. The AFRRI veterlnariuns wi II access the general health of lhc NHPs prior to ane.sthesia to 
ensure that each animal is healthy enough to undergo the procedure. 

2. Fast 12 hours prior to anesthesia (water OK). 

3. The primate ii: sedated with ketamine lOmg/kg IM and positioned in the r:1<hation box. 

4. Additional kctamine I Orng/kg IM is used 10 sedate animal as necessary during irradiation 
and transit to and return from the VSD vivarium to the 6°Co facility. 

5. See Table entitled "Provisions for Both Pre~ and Post-Procedural Care" below Appendix D 
and E for additional details. 

C. Antipyretic Therapy.for Fever 

I. If body tempernrure rises above I04° F, NHP will be administered Rimadyl 2.2mg/kg B m 
or 4.4mg/kg QD,1M,IY ,PO or 5-1 Ornglkg PO TID), 

2. See Table entitled "Provisions for Both Pre- and Post-Procedurnl Care" below and 
Appendix D and E for additional details. 

D. Analgesic for RaJialion-lru1uce.d Di~'ttess 
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Thls procedure will be performed by a veterinarian or a trained veterinary technkian with the 
primate. 

I. The analgesic, Buprenorphrine HCL (0.C)J mg/kg up to 0.02 rng/kg BID wm be 
administered to all irradiated (1. 3.5, 5, 6.5. &.5 Gy) .animals from 5 to 35 days after rad~ation 
exposure; See Appendix D and E. 

2. The protocol staff will daily monitor the animals for clinical signs and symptoms 
including using an ARS severity scoring system; See Appendix B, Animals demonsrnting an 
ARS severity level of 3 will he monitored more frequently as described in the protocol 
monitoring plan; See Appendix F. Prowcol staff will notify the Protocol Pis and AFRRJ 
Veterinarian of the health status of these animals. 

3. 1lhe protocol staff will monitor animn1s for clinical ohse.rvations identified tls <..:riteria for 
eurhanasia consi<lernrion~ see Appendix G. 

4. The AFRR.l veterinarians will access the general health of the NHPs and order analagesic 
{Buprenorphrine HCL, 0.01 mg/kg up to (J.02 mg/kg BID, IM 22~25 G nee<lle) for distress if 
not aleviated by treatment. 

4. See Table enti rled "Provisions for Both P1·e- and Post-Procedural Care" helf>w and 
Appendix D and E for add'itional details. 

E. Analge.sic for Mouth Ulcers or Bloody Stools 

This procedure will he petfoi·mcd by i.l veterirutrian or a trained veterinary technician with the 
primate. 

I. The protocol staff will daily monitor the animals for clinical signs and symptoms 
·including u:~ing an ARS severity scoring system; See Appendix B. Animals demonstrating 
amouth ulcers or bloody stools will be identified and reported to the Protocol Pis and AFRRJ 
veterinarians. 

2. The AFRRI veterinarians will access the general health of the NHPs and orde1· aitalagesic 
{Bupivacaine HCL, 0.1 ml of 25% ~olution with a <lab of surgical lubricant and administered 
locally using a cotton-tipped applicator to a restrained animal. 

3. See Table entitled "Provisions for Both P:re- and Post-Procedural Care" bd<)W ahd 
Appendix D and E for u<lditional detuils 

F. Anesthesia to calm NRf~ while in restraint during prolonged IV jluid trelltmems, blood 
dtmatitm, mu/ whole blood tumsfttsion 

Thls procedure will be performed by a veterinarian or a trained veterinary technkian wil11 the 
primate. 
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I. Criteria to idcmify animals for tTeatmcnt by prolonged IV fluid are described in 
Appendix G. Criteria to identify animal selection for blood donation and whole blood 
transfusion are described in Appendix H. 

2. The AF'RRI veterinarians will access the general heal th of the NHPs prior to ~mesthesia to 
ensure that each animal is healthy enough co undergo tht! procedur~ . 

3. Fast 12 hours prior to anesthesia (water OK). 

4. The primate is sed:tled wi1h kctamine IOmg/kg via in1ramuseular (fM} injection to sedate. 

5. lsoflunme gas (2% in 02) will be administered via mask as determined by the APRRl 
vc,1e1inarian. 

6. See T<ible entit'led "Provisions for Both Pre· and Post-Procedurnl Care" below and 
Appendix E for additionnl details. 

V.4.1.2.2. Pre~ and Post-procedural Provisions 

Provisions for Both Pre- and Pos1·Procednral Care 
Procedures*!Location Anesthes.ia/Analgesic* Criteria to Assess for 

Pain or Distress 
Mkrochi:~ htjection/ Ketamine#/NA NA 

l(b)(6) I 
Ph.1c~rnem of NHP io Rad Box,11u1t0 1 I Ketamine:#/NA NA 
Proceduttjl Room: Ttf!!JSfiOrt. to ()°Co 
FacilityJ <

6
> Mea~urement of 

mid-body widihs and irradiation/6°Co 
Facilily; Transpo1t to NHP holding 
i-esidencell0ll01 I 
DistreRs from rndiation exposureltrnimal NA/Buprenorphine HCL Observation of any 
room/NHF residence holding room criteria shown in 

Appendix G = Clinical 
Observations with 
Criteria for fa1thanasia 

Mouth ulcer:-; or bloody stu()Js/animal NA!BLlpivacairte HCL Observation of rnouth 
room/NHP residence holding room ulcers or bloody stools 
Calm NHP whi le in rcsrraint during Ketaminc and 2% NA 
prolot1ged IV fluid treatments. blood lsofluranc in 0 2/NA 
donation. and blood tra.nsfusi01~(6i(~i I 

l(b)(6) I 
*See Appendices D. E, and F for additional details regarding c.linical observation that trigger 
procedure~, drug do~ges, route of administracion, prococol monitoring plan, etc. 
# Keramiile JO mg/kg, IM, will be the anestheric of choice and additional doses of keuuntne ulfe 
given as required based on assessmenr of YSD veterinarian. 
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V.4.1.2.3. Paralytics NIA 
V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 
Becaui:.e 1he principal purpose of this ::.tudy i:s to evalu;ite dosimetric technology to Jetermine 
the radiation dose. there are no alternatives to the irradiarion. Supporting information ::mch as 
selection of hematological. proteomic analysis in blood measurement. etc. will help identify the 
usefulness or problems associated with the technology going to be tested for detection of early 
response after moss-casualty irradiacion scenarios. 

V.4.1 .3.1. Sources Searched 

Johns Hopkins Center ror Alternatives to Animal Testing (All web): http:l/allweb.jhsph.eJu/ 
AGRICOLA: h1tp:f/;1gricola.nal.usda.gov/cgi

bin/Pwebrccon.cgi?RESET=bbSearch&PW=uiYCM3-dk9182GISnrKeJ\xFRy7C 
lll OSIS:htlp :/ /rogor .ucsd .cdu/scarch/X? &undcfi ncd=&Da= 1926&Db=&unclcfi ned=&seard1sco 

pe=9&p=&SORT=D 
PubMcd: http://www.ncbi.nlm.nih.gov .lsc l .usuhs.cdu/p"ttbmed 

V.4.1.3.2. Date of Search September 11, 2012 

V.4.1.3.3, Period of Search 

AltWcb: Up to 912012 !whole databaRe avai lable] 
AGRICOLA: l 950 to 9/20 12 
BlOSIS: 1926 to 912012 
PubMed: 1950-10/26/20 I 2 

V.4.1.3.4. Key Words of Search 

Bioassay: Altwcb (54). AGRICOLA (5232), BIOSIS (375). PubMcd ( 110177). 
Biological and dMimetry: Altweh (0). AGRICOLA (8}, BIOSlS (38). PubMed (22354). 
Biologi<.:ul anti dosimetry and blood: Altweb (7), AGRICOLA (0). BlOSlS (3). PubMed (3058). 
Biological and dosimetry and blood and radiation: Altweb (2), AGRICOLA (0). BIOS JS (l ). 

PubMed (1615). 
Biological unJ dosimetry a11d blood ai1d radiacion and 11011-bumun primate: Altweb (0), 

AGRlCOLA (0), BIOS IS (O), PubMed (1). 
Biologkal and dosimetry and blood and radiation and non-human primate and analgesic: Ahweb 

(0). AGRICOLA (0), BIOSIS (0), PubMed (0). 
Bioiogical and dosimetry and blood and radiation and non-human pri mate and pain: Altweb (0), 

AGRTCOLA (0) , BJOSIS (0), PubMed (0). 
Biological and Josimetry and hlood and radjation and non-human primate and pain and relief: 

Altwcb (0), AGRICOLA (0) . BIOS!S (0), PubMed (0). 
Biologkal and dosimetry and blood and radiation and non-human primutc and pain and 0-CSF: 

Altweb (0), AGRICOLA (0). BIOSIS (0), PubMed (0). 
Biological and dosimetry and blood and radiation and non-human primate and G-CSF: Altweb 

(0 ), AGRICOLA (0), BIOSJS (0), PubMed (0). 
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Biological and dosimetry and hair=follicle and radiation and 1.1on=human primate and pain: 
Altweb (0), AGRICOLA (O). BJOSJS (0). PuhMed (0). 

Biologicul and Josimetry aml urine and radiation an<l 11011-buman prim<.1t.e and pain: Altweb lO). 
AGRICOLA (0); BIOSIS (0), PubMed (0). 

Biological and dosimetry and nail-clipping and radiation and non-human primate and pain: 
Alt web (0), AGRlCOLA (0). BIOS JS (0). PubMed (0). 

V.4.1.3.5. Results of Search 
A thorough search of datahases using keywords listed revealed no animal ahematives for the 
investigation involving total body irradiation. 

V.4.1 .4. Unalleviated Painful or Disttessful Procedure Jostifitation 
One needs to irradiate animals to study biodosimetric endpoints using a NHP radiation dose
res1xH1se mmlel, mid to investigate the correlation between the.se endpoints and dose, ARS 
response severity response, and survival. There are no alternative procedures for irradfa1io11 
because it is ct unique stimulus J/rcl/ cannot b<t orlwrwfarJ duplicaled. 

Irradiation itself is not a painful process but it induces various changes in the body (i.e., vomiting 
and nausea, changes in hematology cell s numbeJ"s, etc.). Although radiation does not induce pai1n, 
nnimals in these experiments migbt experience pain an<l <listress prior to death because of 
sequclae. Radiation coir1pro111.ises the imn1une system. As a result of a compro1nise<l i1Yunurte 
re~ponse. various types of infections can initiate and become painful. The sequelae of nausea. 
vomiting, and diatThea may cause pain and distress in humans observed in the. early post~ 
irradiation period, when lethal doses are used. All study animals thal show flny p~1in from 
radfo.t1on-induced distress as judged by exhibition of any euthanasia criteria as listed in AppcndJix 
G will be admh1iistered analgesic a!i described above and in Appendices D and E. In addition. 
analgesics (acern.minophen/Rimadyl) are cm1sidered as a way of minimizing discomfort during 
the onset of opportunis1ic infections as judged by tempernrnre changes as described in 
Appe11dices D ancl E. We will humatit?l)' eufhmiize an.inwls ivlilm unreli<t11ed pain a11d severe 
distress nccurs as described in Appendix G. 

See Seciion lV. Mili rary Relevance for addirional derails. Tlie.1'l' studies are sciemifil:allyju.1·t(fled 
based on the national interest to ident~f'y, opLimize. and validate FDA-approPed biodosimel'ry 
,/eviNs for potenJiaf r<ldiological th reals im.:ludi11K nwss·tasualt,y f ncidenee.\-. 

V.4.2. Prolonged Restraint NIA 

V.4.3. Surgery N/A 
Y.4.3.1. Pre; surgical Provisions N/A 
V.4.3.2. Procedure(s) NJA 
V.4.3.3. Post-surgical Provisions N/A 
V.4.3.4. Location NIA 
V.4.3.5. Surgeon NIA 

V.4.3.6. Multiple Major Survival Operative Procedures 
V.4.3.6.1. Procedures N/A 
V.4.3.6.2 Scientific Justification NIA 
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V.4.4. Animal Manipulations 
V.4.4.1. lnjec1ions 
Mictochips. The unim3ls will be anesthetized at the beginning of the stuJy for microchip 
Implantation, see V .4. l.2.1; see Appendix I for addironal clet:ails and illustrations. Briefly the 
mkrochip is located inside of a needle (l 2 Gauge) arnd syringe like device. T he animal. skin 
belween the shoulder blades is lifted up and rhc microchip is injected subcutaneously. A small 
amoum of tissue glue may be applied to the. exit area. in order to ensure that the microchip stays 
in the place as the animal begins to move around. These devices facilitate monitoring from a 
distance, the subcutaneous hody temperature without havi1)g to anesthetize the primates. The use 
of microchip is a further refinement in that it does reduce stress and provides improvement 
di::ignosis without lhe inlervention of staff Lo handle U1e a11imals. IM injections will be 
administered in the cranial or caudal thigh muscles using a 25 - 22 gauge needle. 

Minimum vs. Conventiona1 Treatment (G-CSF) Supportive Care Therapy. The Table below 
illusrrates the study design relalive to use of "Minimum" vs. Conventional Treatmenr Supportive 
Cate Therapy. 

Minimum vs. Conventi<>nal Treatn1ent (G-CSI' +)Supportive Care Tllerauv Study Desi2n 

Experiment 
Supportive Care 

Doses (Gy) Minimum G-CSF and Convemional 
Numbe.r of anjmals 

I PRE Study 
n=36 NA - -

2 High Dose Study 
0 11= 2 -

6.5 n::;2 
ja Tre::irmenl Study 

0 na4 
6.5 n=4 

'3b Blood donation 
n=6 NA 

4 Dor;c Algorithm Study 
0 n=6 
1 n=6 

3.5 n=6 
5 n=6 

6.5 11=6 
8.5 n=6 

Minimum Supportive Care Tlierapy. Experiments 2 and 4 involve use of "Minimum Supportive 
Care Therapy''. !he scope of this approach is described in detail in Appendix D and Section 
V.4.2 . (Pain Relief/Prevention), Appendix D provides information about rbe, iodiGalion, drug, 
dosage. route of adrninistratio11, etc. for mlttltional sa1pport, anesthesia and a11algesic, antiemctics 
and o.ntigastric reflux. antigas. antidiarrheal. antipyretic. antiseptic. dehydration, and 
antiulccrative therapy. 
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Co11v1Jntim1al 1rl!lltme11.t (G·CSF) Suppt)rtive Care Therapy. Experiment #3 involves use of 
conventional supportive-care cbernpy with use of cytokine treatment (G-CSF) as a 
coumermea~ure use<l as a mitigat:or, ills required IV s<iline fluids for dehydration, syst.ematic 
mltibiotics, and whole blood rransfusiom1. The scope o f this approach i.'{ desct·ibed in. detaill in 
Appendix E and Section V.4.2 (Pain Relief/Prevention}. Appendix E provides information about 
the indication, drug, dosage. route of administration, etc. for nutrilional :support. anesthesia and 
analge~ic , ~tntiemetics and antigllstric reflux. cytokine treatment. aritigas, anridiarrhe<~I . 
antipyretic, antise-ptic, dehydration, antiulcerative, and. blood product (whole blood transfusion) 
support therapy. Conventional treatment supportive care therapy evokes use of components of 
" minimum supportive care therapy" but supplemented with cytokine treatment and as needed 
whole-blood tra11sfusion, systemicrmtihiotic, and rnore aggressive dehydration Lherapy. 

G-CSF. lo the "Conventi01w! Treatment Supportive Care Therap}•" Experiment #3 anin1als 
are scheduled for G-CSF treatment 00 µg/kg, once a day; 22-25 0 needle, I rnl subcutaneous 
bolus) will start 011e day afrer in-adi:=ition and continue until recovery of absolute neutrophil 
coullts (ANC) ~ 2,000 µL·' foi' 2 consecutive days, a.nticipmcd to last up to 23 days after 
irradiation. Injection sites will vary starting initiall y in the lower extremities and then 
sequentially move up the limb. See Appendix E for additional details. 

IV·Fluids for Dehydration. Jn tbe " Convenfiorwl Treatment S1q;portfrl1 Cate Tlumipy" 
Experiment #3 dehyd1·ation will be treided fltore aggressively that in the ''Minimum Supportive 
Care Therapy" described above by use of slow IV push-fluids (isotonic saline). See Appendix E 
for additional details including indications for treatment, isotonic fluid volumes. and needle 
gaoge. 

Wbole--Blood Trnnsfusions. In rhe "Co11ventitmal Ttemmellt Supportive Care Tlie1·,1py" 
Experiment #3 whole blood transfusions will be performed when platelet count~ drop below 75-
100 x 109/L. If an anaphylactic reaction is observed, then transfusion is stopped until 
resolution/improvement of signs for an a11aphylactk l'eadior1. See Appel)dlces E a1td H for 
additional details including indications for treatment. blood volumes, needle gauge, etc. 

The animal is monitored for anaphylactic reaction (sweiling, u1tkarial. hives., rash. <li.fficult 
breathing). lf reaction occurs, the transfusion is stopped (at lease temporarily), and 
cortico.literoids (dexamethasorie at 1 rng/kg lV. 19-23 gauge needle) and /or histamine 
(diphenhydramine 2.2 mg/kg, IM. 19-23 gauge needle) are given. After resolution/improvement 
of signs, lhe transfusion may be re~starled at Vz to I /3 the original rate. 

V.4.4.1.1. Pharmaceutical Grade Drugs 
Amgen Pharmaceuticals - Ncupogen® (Filgrnstin) - recombinant mcthionyl human gnmulocyte 
colony-s1imula1ing factor (r-metHuG-CSF). 

The san1e pharmaceutical grade formulation of G-CSF will be used for the current stud as has 
been used )reviousl in no11hui111an rimate studies conducted at AFRRC 

(b)(4l Fi.lgrastim lS tbe 
common trade name (brand name NEUPOGEN), manufactured by Amgen Pharmaceuticals, The 
drug is provided as sterile vials of 480 µg of human recombinant methionyl human G·CSF in I .5 
ml aqueous solution (Amgen G-CSF Product Jnseri). The solution also contains sorbitol. 
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Neupoge11 is typically used to treat myelosuppression resulting f'rom hematologic disease or as a 
side effect of chemotherapy regi mens (Amgen G-CSF Prouuct Insert). 

G-CSF is pi·ovided as a 300 µ g/ml stock and will be di hutecl in sterile 5% dextrose solution ptior 
t.o admin istration. NEUPOGEN® will be stored in the refrigerator at 2° to 8"C (36c> to 46.;F). 
Avoid ghi.tk.ing. Prior to injection, NEUPOGEN® may he allowed to reach room temperature for 
a maximum of 24 hours. Any vial or prefilled syringe left at room temperature for greater than 
24 hours will be discarded. Parenteral drug products will be inspected visually for particullate 
matter and discolotation prior to administration. If pal'ticulates OI' di scoloration are observed, the 
container will he discarded. 

All other pharmaceutical grade drugs will be obtained from VSD, 

V.4.4.1.2. Non .. Pharmaceutical Grade Drugs 

V.4.4.2. Bio.samples 
Blood will be collected under appropriate SOPs by following the procedure described with 
sterile 20-23 gauge nceclle attached to a needle holder or sterile syringe from snphenous. cephalic 
or any altemative vein as selected by the AFRRl vet; sec Appendices C and H. Manual pre,ssurc 
will be ~1sed to reduce the chances of hematoma forrnat io11 after blood coJleclion. Typically 
bklod volumes 0.8 to 2:4 ml are taken routinely for smdy purposes. Larger blood volumes are 
taken in the case of blood donation as drn;crihed in Appendix H. For spe.cific animals the blood 
volume collect~d will vary depending on the health stLttt.1s of the animal, arti1r1al weight., a11d 
guidance from the VSD vece1·inarians. Blood collection schedule is shown in the Appendices C 
and H. 

V.4.4.3, Adjuvants N/ A 
V.4.4.4. Monoclonal Antibody (MAb) Production NIA 
V.4.4.5. Animal Identification 
Anlinals are identified by the ID number that is tattooed on the chest or inner thigh and by 
implantable mjcrnchips. 
V.4.4.6. Behavioral Studies N/A 
V.4.4.7. Otner Procedures 

A) Transport Plan; The animals for irradiation will be moved through the 1'ir~t floor hallway tn 
tbe High Leve1J Gamma. Radiation (HLGR) fadlity. At no time will tb~ animals be remov~d from 
the im1diation boxes and :-ecured while outside of the VSD vivarium. Once within the HLGR 
fadHty the animals wiU be moved (still sedated in the irradiation box) down to the radiation 
source area. The animals in the irradiation boxe!i will be lifted onto the irradiation platform. The 
AFRRI dosimeirisis will assure that the irradlat1on boxes are place<l accurately in the radiation 
fietld. During im1diutio11, the irractiatio11 box will be secured to prevent movement Tbe NHP's 
arms and legs will be secured to limit the ability to turn in the collar. Animals are expected to be 
in the irradiation box for no more than 60 minutes. The animals wi11 be closely monitored by 
H~1:note TV <luri ng the irra<liaticm. After irri1diation; the NHPs in their JITadiation. boxes will be 
removed from the platform and returned to the vivarium along the same route. 
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B) Blood Collection: Peripheral bloocl collection from NHP will be performed using st::tllClard 
procedures. VSD staff will assist, as able. the Pf and PI staff to obta_in blood samples if advanced 
preparnlions are made •md suffidem YSD personnel are available. 

C) ARS response severity scoring system (includes hematology, body t<!mperatures, and 
body weights) 

Clinical signs and symptoms for ARS subsyndromes including body we.ights and hematology 
changes will be assessed prior to and following irradiation to characterize the time corn·se and 
dose response in the NHP radiation model (see Appendix C for a detailed schedule for blood 
drnws. elc.). We plan Lo use a rhesus macaque ARS response severi ty scoring system. (see 
Appendix B) in these studies. Typically blood draws and body weights can be obtained using 
NHP collar and chair without anesthesia. Blood drawas and body weights can also be. obtained 
with NHP under anesthesia for another reason as determined by the Attending Vetcrarian. 
Several of Lhe G{ system dehydration measuremenrs are only measured if the NHPs are planne.d 
to be pl<11.:ed under anesthesia for another reason. Subdermal bo<ly tMipcruture:s will be mcasutcd 
using the radiotelemctry detector. 

The schedule for animal monitoring is shown in Appendix F. Once an animal has been 
determined to be in a critical period or morhid (See Appendix G) that anlmal will be monitored 
late at night on all days, for a rni11i1'f1U111 of 3 tillles per day includirig wcckertds. Night checks are 
the responsibility of the Jab unless provisions are made in special circumstances for VS'D to 
cover (if available). 

0) Procedure~ for SeJec.:don and Preparing Anin1als for Blood Donation & Procuring, 
Protessing, and Administration of NHP Donor Blood for Whole Blood Transfusions 

Procedures for selection and preparing animals for blood donation ~s well as procuFing, 
processing and administration of NHP donor blood for whole blood transfusion are described in 
Appendix H. 

E) Criteria for euthanasia: 

Criteria f(ll' euthanasia arc described in Appendix G. 

It) Histopatbology: 

In selected animals in dose/drug cohorts, histopathology will be reque:\ted W contribute to the 
assessment of radiation and treatment effects; see table below. 

Exp.# Experimental/Control Group Histopatholoav 

1 Pre NA 
2 Hiah dose pilot (sham) NA 
2 High dose pilot (6.5 Gvl NA 
3 Treatmem (0 Gv -> G-CSF/ireatmenO NA 
3 Treatment (6.5 Gv => G=CSF/treatmentl n=2 
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Exp.# Experimental/Control Group Hlstopatholoav 
4 Dose resoonse Isham) NA 
4 Dose rnsoonse Ii Gv'l 11;2 

4 Dose response (3.5 Gy) n=2 
4 Dose resoonse 15 Gv) 11=2 
4 Dose response (6.5 Gv) NA 
4 Dose resoonse 18.5 Gv) NA 

Totals: 8 

V.4.4.8. Tissue Sllar.ing 
Ti~sue :.;haring will be considered un<l be allowed with the submissi<.m of uppropriute lACUC 
fom1s and approvals. 

V.4.4.9. Animal By~Products 

V.4.5. Study Endpe>int 
Surv,iving a.n:imals will be mo11itoted up to 60 days after in·adiatioil. Expected outcome for 
animals in the cxperirnents are shown in che Table below. Animals will be monirorcd using the 
NHP ARS severity scoring system to support a&scssmcnt of our defined euthanasia criteria. All 
moribund animals will be humanely euthanized. 

Exp.# Experimental/Control Group Outcome Totals 
expected 

1 Pre Recoverv 36 
2 Hiah dose pilot (sham) Recovery 2 
2 High dose pilot (6.5 Gy) 60% risk for 2 

euthanasia/death 
3 Treatment IO Gv -> G·CSF/treatment) Aecoverv 4 
3 Treatment (6.5 Gy ' > G·CSF/treatment) 70% recovery; 4 

30% 
euthanasia/death 

4 Dose resoonse (sham) Recovery 6 
4 Dose response (1 Gy) Recovery; ot these 6 

2 animals will be 
euthanized for 
hl$temathologv 

4 Dose response (3.5 Gy) Recovery; of these 6 
2 animals will be 
euthanrzed for 
hisiopatholoav 

4 Dose response (5 Gy} 70% recovery; 6 
30% 

euthanasia/death; 
2 animals will be 
euthanlzed for 
histopatholoav 

4 Dose response (6.5 Gy) 60% risk of 6 
euthanasia/death 

4 Dose resnonse (8.5 G\I) Euthanasia/death 6 
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Exp. # Experimental/Control Group Outcome Totalls 
expected 

Totals; 36 
Note. NHP (non-irradiated} from Experiments #2, 3, and 4 will be used in Experiment #4. 

V.4.6. Euthanasia 
Animals will be em.ha11ized accor<.ling to current American Veterinary Medical Association 
(A VMA) Euthanasia Guidelines. Animals will first be anesthetized with kctamine (JM. I 0 
mg/kg). Then the animal will be euthanized with an appropriate dose of Beuthanasiia-D or other 
c.;olnmercial euthanasia ~olutions (IV; I ml/4.5 kg; 390 mg PenttJbarhit1:.1l/ml). Pm' additional 
details re.garding erltei·ia for emhanasia, see Appendix G. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations Apprnpi'iate v SD SOP!> will be followeu. 

V.5.1.1. Study Room 
NHPs will be located for the duration of the siudy in AFRRI YSD vivarium. NHP waiting w be 
used in baseline e.xp1:riment (PRE) will be paired housed, if the wait period is ~4 weeks. NHP 
selected for baseline experiment (PRE). usually less than 4-5 weeks prior to irradiation, will be 
individually housed but with visual and/or tactile contact with other animals in scainless-stccl 
cages in an environmentally controlled and continuously monitored animal rooms. as assigned 
by VSD per guidance from the AFRR11ACUC Chair (23 Nov 201.2 MEMO). 

V .5.1.2. Special Husbandry Provisions 
Water wi.ll be provided to all irrndiared NHPs via water sipping tubes. 

NHP will be fed com1nerciul primate biscuits ad libiruu1 supple1tH:.nted with fresh fruics (i.e., 
apples, bananas or·· n s c' Following irradfation l\fl-IP food will include soft food and non-
citrus fruits and other ex erts recommended that citrus fruits be re.stricte<l 
in the NHP n=.tdiation model (b)(6l Ii is thou~hl that acid from the cilm& fllli t s C~)ll 
cause itritatioil of the intestinal system J( lb 
addition citrus fruits in the diet can interfere wi th candidate radiarion biomarkern (i.e., citi'ulhne, 
citrulUnated proteins) under study. 

V.5.1.3. Exceptions 
NA 

V.5.2. Veterinary Medical Care 
v.s.2.1. Routine Veterinary Medical Care 
The animals in this study will undergo an additional quarantine at AFRRI (45 d) using VSD's 
NHP quarantine stamlard orerating procedures. 

Each animal will be observe<l for eviuence of pain or distress; see Appendix F - Monit:oring 
Plan. Body weights will be determined prior to and after exposure; see Appendix C. Body 
tempernture will be determined using subcutaneously implanted chips that will also serve to 
identify indiv,idual animals; see Appendix C for schedule. The time of each temperature 
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collection will be recorded for each NHP. The general health of experimental animals wm be 
qualitatively assessed by the research staff twice daily (a.m. anJ p.m.) for general behavioral 
st.ams and food consumption, in addition to VSD' s normal health check procedures. If animals 
show evidence of severe clinical signs and symptoms of ARS, then VSD staff will be alerted to 
check the an.ima1 and to assess the NHPs. Appropriate stanc..lanJ operating procedures wiH be 
followed by staff veterinarians in the event of pain or distress. 

The planned number ~nd blood volume draws scheduled will be reviewed by the AFRRl 
veterinarians a11d staff and if detennined to place the individual animals under severe health risk 
wil1 be drastically reduced or suspended until the animal shows adequate recovery. 

The 5-HT3 receptor antagonists: Ondansetron (1 or 2 mg/kg) or Granisetron (0.25 mg/kg) can be 
administered either orally. intrnvcnous (IV), or subcutaneous (SC) after observation of vomiting 
or signs of emesis to decrease subsequent radiation~induced vomiting in Nff""Ps as dcscribe.d in 
paper published by Marlin et aL "Anti-emetic Effect of Ondansetron and Granisetron afrer 
Exposure to Mixed Neutron i:u1d Gamma Irradiation" (Radiatil)fi Research l49: 631-636 (1998). 
Authors demonstrated that two deliveries of 5-HT3 receptor antagonists seem to disrupt 
serotonergic tran!>mission at the brain stem structures and to affect the peripheral release of 
serotonin from the gut, thus complerely preveJlling radiation~induced vomiting". 

In the cusc of Experirnents # 2 and 4 irradiated animals, additional supportive care should be 
minima]; platelet counts may clip below 20.000/µ I for several days, bm whole blood will not be 
transfused as this would negate the purpose of the study. The extent of dehydration and diall'hea 
will be monitoted for each animal. Based on the ARS response. severity score animals' &tarus will 
be graded as: normal. mi.Id. moderate. or severe. Jn thl.! case of mild dehydration and diarrhea, 
supp~emental oral fluids (type an.d volume as judged appropriute by the· veterinarian) will be 
offered when not counter, indicated due to severe drops in platelet counts. In the case of a 
mouernte dehydration and diarrhea subcuraneous fluids and /or over the counter (OCT) anci
diatrheal (e.g., loperamidc l mg PO BID. bismuth subsalicylatc 40mg/kg PO BID), a11ri-emcsis 
(Cereniu. lmg/kg, SC; 2mg/kg PO). anti-gastric reflux (e.g .. Famoti<line 0.5mg/kg PO or IM 
STD) or anti-gas (e.g., "TUMS'' I tablet PO PRN) medications will he admini8tere<l by VSD 
staff. If body temperamre rises above 103 F, NHP will be adminisccred Carprofen (Rimadyl 2.2 
mg/kg, BID; QD/IM/IV/PO); see Appendices D and E. 

V.5.2.2. Emergency Veterinary Medical Care 
Experiments #2 and 4 in this study design involve use of "minimal supportive care" treatment. In 
the case of severe dehydration and or diarrhea or if p::iin /distress are noted, clinical staff 
veterinarian wrn he notified immediately and to evaluate the animal tel 1.kter1nine the best course 
of medical care under the broad scope or a study design involving minimum trealme.nt. VSD 
will provide a veterinarian availability 2417 to provide emergency care. as care is needed. The,re 
wiJI be a ve1terinarian available to provide back-up to the on call vecerinarian if necessary. 
Additional medical diagnostic beyond the described ARS response severity scoring system (i.e., 
body temperature. hematology, etc.) may be performed as judged by the AFRRI vererinarian. 
Symptomatic therapy will be provided with the development of ab11ormal clinical signs. For 
example, fruit or treats may be given in case of anorexia, topical antiseptics may be used for 
open wounds with significant defects foll(Jwing skin neerosis due to subcutaneous infections. 
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Inappetcnce or dehydration wllh or without signs of gastrointcsrinal distress will be treated with 
either flujd supplementation or liquid Primate Diet at the request of the staff veterinarian , 
Antibiotic cream may be administered lopicully in order to ameliorate discomfort. due to skin 
lesions. Euth~urnsia will be carried om according to pi'tHlefined crikria [1S det.ec-m1n.ed by 
veterinarians. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
Forms of psychological and environmental enrichment will include fruit, vegetable or additional 
supp~emenls (that do 001 require analyses) and vurious cage-enrichment devices as wt> ~ I as 
contact with staff personnel. Fruits and vegetables that are not root vegetables wlll be Jisinfoctecl 
by wasfii,rtg with a fruit and vegetable disin.foctant solution, reCofnmende-d by AFRRI 
vetc1inurit111s. If root vegetables sL1ch as swcict p<)tatocs arc given, the vegetable skin will he 
removed to reduce exposure 10 microorganisms. 

V.5.3.2. Enrichment Restrictions 
VI. 'STUDY PERS,ONNEL QUALIFICATIONS AND TRAINING 

I DEGREE I I 
YRS/MOS 

'= NAME TRAINING DATE PROCEDURES = "' E)(i:>.gRIENce-
(O)(tl) Code 7b, 7c, 7f (O)(tl) 

Code 7b. 7c. 71 

Code 7b, 7c. 71; 
Code 1 a. 1 b, 3a, 3b, 4, 
5, 7a upon VSD 
confitrnation or 
eamoletion of traininq 
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I DEGREE I I 
VRS1MOS 

NAME TRAINING D.,TE PROCEDURES l=YP~RIENCE 

<tJ)(oJ (b)(6) 

Code l b, 5, 4b, 7b, 7c, 
7d, 7e; 7f; 
Code 1a, 3a. 3b, 4a, 5, 
7a upon VSD 
confirmation of 
completion of training 

Code 7b, 7d, 71 

Gode 1 a, 1 b,3a.3b.4a. 
5, 7a, 7b, 7c, 7f upon 
VSD confirmation of 
completion or training 

Gode 1 a, 1 b, 3a, 3b, 4b, 
7a, 7c. 71; 
Code4a, 5 and 7b upon 
VSD confirmation of 
comoletion of ttaininci 
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DEGREE I VRS/MOS 
= NAME TRAINING DATE PROCEDURE.$ l::XPERIE.NCE 

(DJlDJ (b)ltlJ 

Gode 5, 7b. 7f upon 
vso conftrmatlon of 
completion of training 

Code: 1, 2, 3, 4, 5, 6. 
7a, 7b. 7c upon VSD 
confirmation of 
completion of training 

Vet Tech 1 (TBN new (b)(6) TSO Code: 1, 2. 3, 4, 5, 6, TBO 
hire; w ill be adeled by 7a. 7b. 7c upon VSD 
amendment) confirmation of 

completion of training 

Vet Tech 2 (TB!N new TBD Code: i, 2, 3. 4. 5, 6. TBD 
hire; will be added by 7a. 7b. 7c upon VSD 
amendment) confirmation of 

completion of training 
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NAME DEGREE " '= TRAINING 
(b)(6) 

tO)lOI 

Procedure and manipulation codes: 
Code 1 = Animal handl'irig (I a), chairing (1b), and outhanasia {1c) 
Code 2; Surgery (aseptic tethflique) pre- and post-operative care 

D.,TE PROCEDURES 

Code 3= Injections j3a-ip, 3b-sc, 3c-gavage) · can say 3 if trained in all manipulations or add GcHv 
Code 4• 'Blood coneciion under anesthesia (4aJ, when chaired (4b), wnen pinned with cage (4c) 
Code 5,. Tissue collection (after euthanasia) · doesn't i1eed to be spet~fic 
Cade 6 = lmplaniati'on (provide detaits f 

VRtlMOS 
EXPERIENCE 

Code 7 • Others · 1(provide protocol specific manipulations or procedures for e.g., retro·orbital bleeding. tall vein in1ection, or drug 
delivery) 
Cade 7a ,. Anesthesia injection 
Code 7b"' AAS signs !ARS Severity Response) 
Cooo 7c • T1ransport (From VSD to cobalt and returni 
Code 7d • Urihe collealion (4a· from clean t~ay. 4b· troh1 bladder) 
Cade 7e = Hair collecf1on (from eye brow, whiskers or head) 
Code 71 = Blood processing 

VII. BIOHAZARDS/SAFETY 
AFRRl VSD Policies and procedure, including the SOP for dealing with the possibility of 
Herpes B-infected animals will be followed. All ~nimals are presumed to be Herpes B-infected. 

VIII. ENCLOSURES 

Label THle Pa_ges 
Appendix A. HematolcH!V and Body Weil!hts in NHPTBI Rad irition Model 4 1-43 
Appendix B. NHP Procedures. "NHP ARS-Response Severity Scoring 44-47 

System (ARS-RS3J PROTOCOL" 
Appendix C. Study schedule: Blood draw schedule and blood volumes. 48-49 

Appendix D . Minimum Suooortive Care Therapy 50-5 1 
Appendix E. Conventional Treatment Supportive Care Therapy 52-55 
Appendix F. Protocol Monitoring Plan 56 
Appendix G. Clinical Observations with Criteria for Euthanasia 57 
Appendix H. PrnceclL1res fot Selection ancl Preparing Animals for Blood 58-61 

Donation & Procuring, Processing. ancJ Administration of 
NHP Donor Blood for Whole Blood Tnmsfusiom; 
Attachment A (List of Suonlies) 63 
Auachment B. NHP Donor Study Schedule: Blood draw 64 
schedule and blood volumes 
Attachnient C. Platelet counts in NHPs TBI to 6.5 and 8.5 Gy 65 
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with 60Co gamma-rays (DARPA study results) 
Appendix I. Implantable Microchip Protocol 66-67 
Appendix J. References. 68-69 

Safety Form 310 
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X.ASSURANCES 

Protocol Title: Evaluation of novel biodosimetry technologies using non-human 
primates (NHP; Macaca mulatta) radiation model 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized tor use in this protocol will be used only in the activities and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: J assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordination regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of the fourth "A", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s}: I AM I AM NOT conducting biomedical experiments, which may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to such procedures: however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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Appendix A. Hematology and Body Weights in NHP TBI Radiation l\1odel 
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Figure A-1. Hematology parameters in NHP radiation model. Baseline distributions of 
lymphocytes (a), neutrophils (b), and platelets (c) are shown. The 95% confidence 
levels are shown in the shaded area in respective panels following exposure to 1 Gy 
(d, e, f), 3.'5 Gy (g, h, i), and 6.5 (closed symbols) and 8.5 Gy (open circles) (j, k, I). 

41 



.. 

.. 

" 

Continue Appendix A. 

Hematocrit 

Disti bUlionof ~m;ro.,. n tf-lPs 
'"•"'' 3ell~ (..i • 25H •o.eaea 

to.Ill ,.,0lO10 

T-.(111 

..J 
~ 
u 

Hemoglobin 

Oaril11J1on •IHGm>gl<t•ln fl HP• 
m .. n • i Im (s• • il.ii~$) r • u.ijUS2 

tl~ITO~lobin 

ti v.,. .A.oc ..-... #> • • • .. • • .. • 
r..·~ . 

f ' I . 
tt Jt It ... • • 

; .. 
~ 
j • • • i 
:! • 

tt • ,. • .. • 

J:, ~, ' . 

l-. ~ / . .. 
•· 
> .~ .. .. , .. 

.. IO M · ·-• tt 40 

r .... td1 

Figure A-2. Time course of hematocrits and hemoglobin in a NHP radiation model. Data are normalized to 
initial body weights. The hematocrits are following exposure to 0 Gy, 1 Gy, 3.5 Gy 6.5 Gy, and 8.5 Gy. 
Symbols represent mean values {n = 8) with error bars the SE.M. 
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Figure A-3. Time course of body weights changes in NIHP radiation model. Data are normalized to 
lflltial body weights. The time course of body weights are following exposure to o Gy, 1 Gy, 3.5 Gy 
6.5 Gy, and 8.5 Gy. Symbols represent mean values (n = 6) with error bars the SEM. 
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Appendix B: NHP Procedures 

"N~P AAS-Response Severity Scoring System (ARS-RS3) PROTOCOi!." 

Note. Protocol Pl (NlO) and ~o-Pl (WFB) will meet. wifh staff i11dividua.ls to discuss the ARS
RS·~ protocol and assessment criteria prior to initiation of the study. 

Sample Requirements. 
Annotated ARS-RS·~ scoring sheet for experimental aninmls 3-4 times per work week including a 
measurement on Fridays. [Note. In cases of animal under crisis due to severe ARS, this 
frequency may be increa..;;cd to incJude weekends, bec~mse it contributes to an assessmcnr for 
euthanasia <lecision.J 

Prior to Measurements. 
I. ARS-R~ form copies are made available in the individual NHP cage. records. 
2. Pre-labeled tubes (Animal ID, Date, Time) for colleccion of feces. 
3. Pre-labeled tubes (Anima.l ID. Date, and Time) fo1' collection of blood into semm 

sepatato1· tubes. ~tnd EDT A vacuco1w;ii11ers. 
4. Measure weights for chairs; label chair weights. 

Durfr1g Rom1cls by Vet. Ttlch. ;;ind Animal Care Takel (twice a diiiy/3~4 time.s a week) and by 
Research Staff (once a day/3-4 times a week). 

I. At any time the animul is observed to be retching./. vomiting, record <late and time. 
2. Before any replacement of the cuge tray for urine collection, if appropriate, check for 

vontitus. 
3. Assess for shivering, fatigue/lethargy, response to stimuli , a11d piloerection~ then r·ecord. 
4. Count respiratory rate for a full minute and record. 
5. Observe for ubdominal distension and wounds; record. 
6. Observe and re.cord for consistency and color of feces; record. 

During window of the workday by Research Staff (once :1 day/3-4 times a week). 
1. At any time the animal is obse1ved to be retcbing/vomiting or there is evidence of 

vomitus, record date and time. 
2. Observe and record. for consistency and color of feces; record . 

During blood draw without anesthesi~t fNHP will be collared and chaired; frequency as desc.rif>ed 
in the individual NHP schedule for biosamp.ling]. 

l. Colftect blood into appropriate tubes and volume as shown on the schedule for each 
specific NHP a'nd record date and time, 

2. If NHP defecates during blood draw, tecor<l consistency and color of feces. 
3. Weight animal in chair and record NHP body weight. 
4. Observe and record NHP SC ternperacure. 

Procedures done under unesthesia [frequency as described in the individual NI-IP schedule for 
hiosumpling: 
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I. Colkct blood into appropriate rubes and volume us shown on the scheclulc for each 
~pcci fic NHP and record date and cime. 

") Weight animal und reconl NHP body weight. 
3. Observe and record both SC and rectal temperntures. 
4. Mea!:ure dehydration status (skin turgor. gum capillary refi ll. buccal mucosa! I tongue 

hydration). 
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Appendix C. Study schedule: Blood draw schedul1e, and blood volumes 
Bl!ood Chemistry CBC+diff and Proteomic Biomarke r Studies. 

Time, wk/d/h Blood volume un Blood volume iA an EDTA tu.be, ro1~ 
Micro SS Tube. 

ml 
N:HP body 3 J.5 4 4.5 5 5.5 6 6.5 7 
wei~hts, k_g 
Maximmn 1.6 1.9 2.2 2.45 2.7 2.95 3.2 3.5 .18 
daily blood 
draw volum.e, 
ml* 
Baseline studies 

1 ~L week 
0.225 

l.4 1.7 2.0 2..25 2.5 25 I 25 25 2'5 
baseline Microchip injection (IM): Ketamine (lOm~g; IM or SC} anesthesia after 12h fastiTig 
2"d week 1.4 1.7 2.0: 2.25 25 2.5 25 2.5 2.5 
baseline --

3nt:week 1.4 1.7 2.0 2.25 25 25 I 2.5 1:.5 2.5 

baseline 
0.225 Measurement of mid-body widths: Ketamine (I Omg/kg; IM or SC) anesthesia after 12 h 

fasting 
Irradiation studies 

lrradiatjon: Ketamine (10 mg/kg; IM or SC) tranquilirution after 12 h fa'iting for loading 
into radiation boxes, transpott to 60Co facility , irradiation, amd transport bac.k to VSD 

facility 
S h 0.225 L5 1.8 2.1 2.4 2.6 2.9 3d .l4 )1.7 

Id 0.225 1.5 1.8 2.1 2.4 2.6 2.9 I 3iJ 3.4 3 .. 7 
2rl 0.225 1.5 1.8 2.1 2.4 2.6 2.9 3i.I 3.4 I 3.7 
3d 0.225 l.5 J.8, 2.1 2.4 2.6 2.9 l .l 3..4 3.7 
4d -- L.6 l.8 2.1 2.4 2.6 2.9 I 3 .. 1 3.4 3'1.7 
Sd 0.225 l.5 1.8. 2.1 2.4 2.6 2.9' 3,J 3.4 3,_7 
6d -- 1.6 L9 2.2 2.45 2.7 2.95 I l.2 3.5 I J.7 
7d 0.225 1.5 l.8 2.1 2.4 2.6 2.9 3.1 3.4 3.7 
l()d 0.225 1.5 1.98 2.1 2.4 2.6 2.9 I 3.,1 3.4 3.7 
l3d -- l.6 l.9 2.2 2.45 2.7 2.9 I J .. 2 3i.4 I J .. 7 
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3r<1 wk (3X) 0.225 (15d); 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
0.225 (-20d) 

4•h wk (3X) -- 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
5th wk (3X) 0.225 (-30d) 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
61h wk (2X) 0.225 (-40d) 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
7•h wk (2X) -- 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
g•h wk (2X) 0.225 (-50d) 1.2 I.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
60d 0.225 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5 
*Note. For repeated daily blood draws the maximum daily amount of blood volume should be Sl % of total blood volume, 
typically estimated based on the animal body weight. For Rhesus the blood volume per body weight is 54 ml/kg (Laboratory 
Animals 27: 1-22, 1993). Sample calculation: Assume a 4.5 kg NHP this represents a daily blood draw of 2.4 ml (4.5 kg x 54 
ml/kg x 0.01). 
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Appendix D. l\'linimum SuoQortive Care 'Tflerauv 
Nutritional Support 
Fluids llnlimiuexl acc.ess to fiJre,re:d wate:r: FoUowing irradiation a111im~ls aJe. pmvi1ded flavored! fluuds, 
Food Commercial primate biscuits adl l ~biturn supplemented with fresh fruvts (i.e. , apples, lbanana:s, 

oranges, etc . )~ fiolhnwing irradiation alll citm s re1:noved. frnm their dvel<>, diets include soft foodl 

Indication Drng Dosage R'.oute Needle Sydoge siz:e 
ga uge 

Anesthesia 
P la:cemenit ofNHP in rad lbox; Ket amine IOrng/kg IM or SC 22-25 G 3 ml 

rneasureme.nt of mid-body width~; 

microchip injection 
Analgesic 

Distress from radi1ation exposure Bupre.norphine HCL 0.01 mg/kg up to fM 22-25 G variable 
(5 to 35 days afct!r radialfon1 0 .02 mg/kg BID 

exposure) 
Mouth ulcers or bloody stools Bupivacaine HCIL 0 , l ml of 25% Locally using cotton- NA NA 

hIDpivac.aine HCL tipped appllic.ator 
with a dab of 

suirgi cal Vu bri.cant) 
Antiemetic/AntiGastriC' Reflux 

Gastric reJhux famotidine 0.5mgfkg PO or IM SID 22-25 G varriaible 

Emesis Cerenia lmglkg (SC): PO or SC 22-25 variable 
2mgfli<g (PO) 

Emesvs Ondansetron l or 2 mgjkg PO or SC or IV 22-25 variable 
Granise.trom 

0.25 mg/kg 
Anti2as 

uas e TUMS tablet POPRN NA NA 

Antidiarrheal 
Observation of diarrhea Loperamide 0.1 - 0.2 mg/kg PO BID, SC, IM NA~ 22- 1-3 ml 
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Hyclrochforide 25 G 
(lrnodiwm) 

Per.sisteiu diarrhea (3 successive Diphe noxylate 0. I mgllkg PO BID for 3 di NA NA 
days with lmod~um tre.atment) or if byd'rocMoride. 
wate.ry stooD without any signs of 

formed stool 
Diarrhe.a > 1 di Lope.ramidc. 0.1 - 0 .2 mg/kg PO BID, SC, 1~·1 NA: 22- 1-3 ml 

HydrocMoride 25 0 
(lmodium) 

Antipyretic 
IB'ody temperatme. > J04 °F Carprofe11J (Rimadyl) 2.2 mg/kg~ 4.4 BID: QID./IM/FVJPO 

rng/kg 
Continued for 48 h at·ter the J si d Carproferr (Rimadyl) 2'.2 mg/kg; 4 .4 BID: QD/IM/IV.IPO 

body uemperamre < 104°F mg/kg for 2 d.a.ys 
Antiseptic (Local) 

Local infection Neobacimyn NA TolDrcaE NA As d iniically 
determined 

~ . -• -. 
Mild - presence of tacky mucus Flavored llluid NA Use of wateli ho1des. NA As needed 

membranes without signs of supplementation 
gastroincestinal (GD dlistress. 

Moderate- mild cri1teria plus dry Flavored Jfluid. NA Use of wateF hottk.s NA As needed/ 
mucous, sm1ken eyes with signs of supple1nerotution along 

GJ distress with antidi:arrheail 
treatn1enu; 

Sc:.vere - Any of Hllild and or Flavored tfluid NA Use of water botttes: NA As needed 
mode.rate criteria plus pale. mucous suppleinerotution along See. abo·ve. for anti-
membranes, rapid and weak pulse, with antidi1arrhe.ail diarrheal tre.atme!iltis 
cold' ex<rcmities, t:ethargy, or rapid treaitmems 

breaching, 
Antiulcerative 
Bloody s.tool Sucra.lfate. (Carnfate) I g/dlay BID NA 
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Appendix E. Conventional Trea,tme.nt Supportrive Care Therapy 

Niutiri,tionat Support 

Fllllids Unlim ited access to lfi lttered water; Folfowing i1Tadiation m11inoals aire provi1ded fl:wore.d tlmids. 

Food Cm1runercial primate bi&cuit5 ad libi!tum smppllcmented w ith fresh fruilts (i.e •. apples. bananas, oranges, etc.): 
Following irradiation all citrus removed from their diets, dliets indud!e soft food. 

lndic.ation Drue D~>sae,e Route Needle ~auee Syringe size 
Anesthesia 

P1acemenr of NHP im Kenarn:ilrre lOmg:/kg: IM or SC 22.-2:5 G 3 ml 
rad box: measure.rnent 
of mid-body widths; 
microch~p injectiion 

Anah!:esic 
Calim NH.Ps while in Midazolam HCL 0.2 mg/lkg rM 22-25 G variable 

restraint during 
prolonged .IV t1uid! 

treatmeotts 
Distress from radiation Bup!ie.norphine 0 .(}l mg/kg up to IM 2.2-25 G variable 
expQ8ure· (5 to 35 days HCL 0.02 mg/kg BID 

after radia,tion 
exposure) 

Mouth ulcers or bloody Bu_pivacaine HCL 0.J ml of 25% Locally using NA NA 
stools bt11pivacaine HC.IL cotton-tipped 

w~.th a dab of appDica~oF 

surgical lubricant) 
Antie.mt'lid Anti Gastric Reflu:x 

Gas,tdc reflux famotidine 0.5mg/kg PO or IM SID 22-25 G variable 

Emesis Cererua lrng/kg (SC): PO or IM 22-25 G variahle 
2,mgfkg (PO) tY> 
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Erne.sis Ondansetrnn U or 2 mg/kg PO or SC or IV 22-25 variable 
(}.25 mg/kg 

Granise~nm 

Cytokine Treatment 
Treatment g,roup 1 d G-CSF I Oµtgfkg~ once a SC 2.2-25 G variable 
after irradiation or day unti II no 

sham exposure untj~ the indkaiioni (recovery 
post-irradiation of ANC, ~2,000· 

recovery of ANC µt: • 
~2,000 µl!.: 1 for 2 
consecl!ltive days 

Anti2as 
gas TUMS ca bl.et. POPRN NA NA 

Antidiarrheal 
Obse1Tva~ uon of diarrhea Lopcrn1rnr de 0. ~ - 0.2 mg/kg PO BID, SC, NA: 22-25 G 1-3 uni 

Hydrochloride fM 
(!modi um) 

Persistelilt diarrhea (3 Oiphenoxylate 0. t mg/kg PO BIO for 3 di NA NA 
successive days with hydrocfulotride 

Jmodlium treatment) or 
if watery stool without 

any siglils of formed 
stool 

Dianrhea > 3 d Lopemmide O.. l - 02 rng/kg PO BID, SC, NA: 22-25 G I -3 Itnl 

Hydrochloride IM 
(lmodium) 

Antipvretic 
Body temperature > 104 Carrpmfen 2.2 mg/kg; 4.4 BID~ 

Of (.Rim:,idyl) mg/kg QD,IJM/IV/PO 
Connin:.ued for 48 h aJt.er Carprofen 2.2 tll'lg/kg; 4.4 BID; 

the 1st d body (Rimadyl) mg/kg for 2 days QD/IM/hV /PO 
temperature <I04c'F 

Antiseptic tLocal) 
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Local infection Neobacimyn Topical NA NA 

ANC <500 µL-i and Enrofloxacin 5mg/kg QD:PO,N, 22-25G variable 
continued until animal (Baytril) IM 
maintained ANC >500 

µL- 1 for 48 h. 
ANC <500 µL- 1 and Enrofloxacin Smg/kg QD: PO, IV, 22-25G variable 

continued until animal (Baytril) IM 
maincair1ed ANC >500 
µL-J for 48 h (Baytril} 
and 24 h (GentaMax:) Gentamicin sulfate 4 mg/kg QD: IM or IV 22-25G variable 
with body temperature (GentaMax:) 

2:103°F 
ANC <500 µL·1 and Primaxin 5-10 mg/kg: BID: IM 22-25 G variable 

continued until animal 
maintained ANC >500 

µL· 1 with oody 
temperature 2:103°F 

when microbial 
resistance demonstrated 

to enrofloxacin or 
gentauut:in 

Mild - presence of Flavored fluid NA Use of water NA NA 
tacky mucus supplementation bottles 

membranes without 
signs of gastrointestinal 

(GI) distress: Use of Isotonic saline 10-15m1/kg Slow IV push 18-23 G variable 
isotonic saline provided 
only if platelets >10 x. 

10<>/L 
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Moderate- mild criteria Flavored fluid NA Use of water NA NA 
plus dry mucous, supplementation bottles 

sunken eyes with .signs along with 
of GI distress; Use of antidiarrheal 

isotonic saline provided treatments 
platelets> I 0 x 109/L Isotonic saline 20-39 ml/kg Slow IV push 18-23 G Variable 

Severe - Any of mild Flavored fluid 15±5 ml/kg/h over Slow IV push 18-23 G Variable 
and or moderate criteria supplementation a period of 2-4 h 

plus pale mucous along with 
membranes, rapid and antidiarrheal 

weak pulse, cold treatments 
extremities, lethargy, or 

Isotonic saline; rapid breaching; Use of 
isotonic saline provided animals in a 

platelets >10 x 109/L restraint device. 
allowed to awaken, 

an<l sedated 
{Midazolam HCL) 

Antiulcerative 
Bloody scool Sucralfate lg/day BID NA NA 

(Carnfote) 

Platelets less than 70- Whole blood 7-14 ml/kg IV using an 18-23 G variable 
100 xl09/Lor (exposed to 20 Gy) J8µ blood 
uncontrolled transfusion fi lter (Hemo 
hemorrhage Nat Filter, 

Utah Medical 
Products) 

*See A ndix H for additional deluils reoardin whole blood lrnnsfusions. 
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Aonendix F. Protocol Monitorin~ Plan 
Time Window Animal Care Vet. Tech Vets (VSD) Research Techs (Pl) Principal 

Takers (VSD) (VSD) lnvesfo~ators 
ARS Severity Careside Careside 

Assessments (± Observations Observations"' 
blood draws) >(< 

Prior to irradiation exposure 

M->F Twice a day Twice a day As needed Once a day Once a day Once a day 
( <6:30 am; (-9am; 2- (AM) (Afternoon) (TBD) 

- I pm) 3pm) 

Sat, Sun. Holidays Once a day Once a day On call NA Once on Once on Sun or SAT 
(6:30am- (afternoon) SAT or SUN and Holidays 

Noon) 

Post-radiation exvosure 

M->F Twice a day Twice a day As needed or Once a day Once a day Once a day 
( <6:30 am; (-9am; 2- on call (AM) (Late (TBD) or as needed 

- !pm) 3pm) or as afternoon) or 
needed ass needed 

Sat, Sun, Holidays Once a day Once a day On call as Once a day Once on Once on SUN or SAT 
[Routine] (6:30am- (afternoon) needed (TBD) SAT or SUN (TBD) 

Noon) (TBD) 
Sat, Sun, Holidays Once a day At least om:e On call as Once a day Once a day Once a day 
[NHPs with ANC <..'500 (6:30am- a day needed (AM) (Aftemoon/E (TBD) or as needed 
µL- 1: NHPs given Noon) (aflemoon) arty Evening) 
whole blood or as needed 
transfusions (24h after 
transfusion)} 

*Note. If a NHP ex bi bits clinical observations with criteria of "morbid", then Research Techs & Pis will monitor animal late at night, 
for a minimum of 3 to 4 times a day, to include weekends_ 
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Appendix G. Clinical Observations with Criteria for Euthanasia (NHPs) 
PARAME OBSERVATIONS 
TER 

COMBINATION CRITERIA ABSOLUTE CRITERIA 
(two or more of the following combined is sufficient to (any of these signs alone is criteria for euthanasia) 

consider euthanasia) 
General Ocular discharge; Paralysis of one or more extremities; 
appearance Mildly to moderate dehydrated (aggressively treat)*; Cyanosis (bluish color to skin or mucus membranes); 

Hair shedding Moderate to severe emaciated/dehydrated (skin tent) (uncontrolled 
by treatment) 

Stool Mild to moderate loose stools (treat)*; Uncontrolled loose stools with frank blood in the stools even after 
appearance Mild blood present in the stools (treat)* treatment 

Bleeding Mild generalized petechiation on the body with no signs Uncontrolled bleeding 
of active bleeding*; Precipitous drop of bematocrit (>20% in 48 hours) 
Platelets < 50x 103/uL; Hematocrit <15% and platelets <3x 103/uL with lethargy 
Hematocrit <30%-

Respirator Mild dyspnea (shortness of breath with rapid and shallow Gasping/open mouth breathing 
y rate breathing; 

Mild abdominal breathing 
General Decreased mobility; Weakness/inability to obtain food or water; 
behavior Mild inappetence (eats treats, eats parts of meals), Jnappetence for 3 meals. assuming animal has recovered from 

assuming animal has recovered from anesthesia anesthesia; 
Repeated and uncontrollable self trauma: 
Seizures 

Provoked Subdued responsive to gentle prodding. assuming the Decreased or absent response to stimulation. assuming the animal 
behavior animal has recovered from anesthesia has recovered from anesthesia; 
Weh?ht loss l 0-20 90 of baseline body weight More than or equal to 20% from the baseline weight 
Core body Uncontrollable fever (2:4°C of baseline) (treat)* <35.5 °C following a period of febrile neutropenia 
temperatur 
e, °C 
Note *If any one of the designated parameters is exhibited, 

notify responsible personnel immediately for 
treatment of NHPs. 
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Appendix H. 
Date last updated: Dec 7, 2-01~ ... 16_><_5> __ ...1 

(SOP. NIO-XXX) 
Proredtues for Selection and Preparing Animals for Blood Donation & Procuring, 

Processing, and Administration of NHP Donor Blood t'or Whole Blood Transfusions 

Ref: 
(a) Farese AM, Cohen MV, Karz BP, Smith CP, Jackson Ill W. Cohen DM, and MacViFrie 

TJ. A nonhuman primate model of the hematopoietic acute radiation syndrome plus 
medical management. Health Physics J03(4) ; 367-382. 

I b J l(li]{lll 

(c) NHP Whole Blood Transfusion, S1amlard Operacing Procedures 501 L Armed Forces 
Radiobiology Research Institute. Veterinary Scicm:c Department. Oct 2009. 

tdl Diehl K-H. Hull R. Morton D, Pfister R, Rabemamplanina Y. Smi th D, Vidal 1-M. van de 
Vors1e nbosch C. A good practice gu ide lo the administration of suhstances and removal 
of blood, incluJing routes und volumes. 

I. Purpose. The puqmsc of this protocol specific: Standard Operating Procedures (SOP. NIO~ 

XXX) is to specify the required procedures to be usc<l for the proper procuring. processing. 
and transfusion of donor irradiated whole blood to recipient animals. 

ll Scope. This SOP applies to planned studi~s at AFRRI by staff personnel in support of 
BARDA funded studieli awarded to orJ(b)(S) land under the co-direction of DrJ'-lb-)(G_l __ -1 

1(6)16) r·or selection of animals for blood don~llion. prcpa1ing 
animab fo r blcxld transfusion, 

m. Responsibili1y. Drs._l16_R_
5i __________ ...Jlue responsible fo r reviewing and 

updating this SOP as needed. 

lV. Procedures. 

A. Supplies. See Appendix H - Attachment A. 

B. Identify Donor A nimals. Ideally, animals with high body weight (~2'.5 kg) should be used 
for blood donation. Select from pre-approved healthy individuals with matched infectious 

disease status. 

C. General Monitoring of Donor Animals. Animals on this protocol will be monitored for 
general health including: body weight, body temperature, hydr:uio11 status, hematology 
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and chemistry p~rnmeters. AFRRl · s Veterinarian wil I be notified if any unusual weight 
tends, body temperature, ilbnormal complete blood counts tCBC) or abnormal serum 

chemistries arc observed. See Appendix H - Attachment B for the conditions and blood 
volume~ withdraw for thi~ purpose. 

D. Anesthesia. Animals will be anesthetized with ke.tamine (lO mg/kg. fM in the quadric.eps 
muscle using a 22-25 gauge needle) for transport Lo the treatment room. clinical 
observations requiring animal compliance. blood donation, and blood transfusion. 
Isoflurane gas (2% in 02) will be a<lminister~d via mask as determined by the APRRI 

Veterinarian, pe1· the request of AFRRl's Yeferinarian. 

E. Physiologic Measurements. Body temperatures wil1 be moll itored using the injecte.d 
mi<.:ro<.:hips on days whe11 Lhe animalli are biosmTiplcd or miscs:_\cd for clinical 
obsorvutions. Bo<ly weights will bt: obtained each <lay the animals are anesthelized for 
other procetlu res. The body weight is obtained prior to administration of any fiuids 
support including fluid replacement at tim~ of blood donation. Protocol staff will notify 

AFRRl's Veterinarian of any abnormal body temperatures or weights. 

F. Phlebotomy. 

a) Peripheral Blood for Romine Health Monitoring. VSD staff will a.4'sist. as able. the PT 
and Pl staff to obtain blood samples if advanced preparations are made and sufficient 
VSD personnel are available. Blood will be collected umler appropriate SOPs hy 

following the procedure described with sterile 20-23 gauge needle atmched to a 
needle holder or sterile syringe from saphenous, cephalic or any alternative vein as 
sclccte<l by the AFRfU Vete1'inarian. Manual pressure wi.11 be used to reduce the 

chances of hematoma formation after tilood col lection. Typically blood volumes :SI 
ml are taken routinely. For specific animals the hloocl volume collected will vary 
depending 011 the health status of the. atlimal. anitn<o1l weight, and guidance from the 
VSD veterinari::111s. Blood collection schedule for donor animals is shown in 
Appendix H - Atrachmenl B. 

b) PcripheraJ Blood for Blood Donation and LRS infusion. Put on sterile gloves. 
Venipuncrure si te is prepared by cleansing: with Beradine, allowed to dry. then cl~m 

the area with an alcohol swab and allow it to dry. Repeat this process for a tornl of 3 
scruhs. Blood will be collected under appropriate SOPs by fo llowing the procedure 
desciibcd with sterile 20-23 gauge needle attached to a needle hokier or sterik 
syringe from saphenuu5, cephalic or any alternat ive vein as selected by the AFRRI 
Veteri narian. Manual pressure will he used to reduce the chances of hematorna 
formation after blood collection. Label a 30ml sy!inge containi ng 3ml of citrate 
phosphate tlextrnse {CDP-a) anticoagulant ''NHP blood: with the animal ID, date 
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collected. lime of donation, and expir:.ition date. Then withdrnw no mor~ Lhan 27 ml 
of blood inro a 30-ml syringe. The fi lled syringe will be removed from the infusion 
sec and capped. Prepare a syringe with lactated Ringer's Solution (LRS) wiih volume-s 
a' described in Appendix H - Attachment B. Attach the syringe cont<1ining the LRS ro 
1hc infu. ion . et and inf use this solution . The infusion set will be removed and 
prt!1'sun~ will be applied over the venipuncture site with gauw unti l bleeding stops. 

G. Blood Donarion. 
Healthy animals will be selected from the donor pool. Donor ani!Tllil will be anesthetized 
with kctamine (10 mg/kg, IM in the quadriceps tnulicle u~ing a 22-25 gauge needleJ. The 
body temperature and weight will be obtained. B1ood will be collected ( 19-23 gauge 
needle) for o CBC (0.4 ml). If CBC levels are within acceptable limits, then withdraw 
whole hlood volumes from the animals and infuse LRS volumes as described i1n 
Atwchment B from the animals as described in "Pcriphcrnl Blood for Blood Donation;. 
section nhovc. The date and amou nt of blood wi thdrawn during each phlebotomy 
procedure is recorded. As donation:-; are required, the donor animals will he selected on a 
rul\lting basis (e.g. , animals who have donated most recently will be at the encl of the 
rotation) and evaluated as a possible donor according co the dmc and amounr of previous 
donations and established blood draw volume limi ts. 

H. Processing and Stornge of Donor Blood. 
Typically whole blood is administered within 48 hours of donation. Donor blood will be 
irradiated prior to transfllsion into the recipient NHP or before refrigeration storage. 
Research staff will use all appropriate personal protective equipment (gloves, mask. 
goggles. lab coat. etc.} and the blood wilJ be processed under a hiosafety cabinet prior to 
and fo llowing irradiation (25 Gy). 

Tbc50-ml tubo(s) is labeled "NHP blood" wi1h trnc anirrwl's idcntificacion number. date, 
and time of donation. and expiration date. Using sterile technique a cell strainer (70 m.icro 
lµmD will be opened and placed on an open 50ml centrifuge tube and the donor blood 
from the syringe will be slowly transferred into the SOml tube . The tube is capped and the 
top is wrappt!d with parafilm and placed on a me.chanical mixer until it is irradiated. 
Whole blood expires 48 hours atler collection and will he discnrdccl if nor used using 
biohazard snfery guidelines. Tf whole blood is not needed immediarely, then it is stored in 

a chilled centrifuge tube. 

The N HP donor blood in the 50ml centrifuge tube will be placed into a second::iry 250ml 
tube and then into a spill proof transpon container for transport to and return from the 

Irradiation Fucility. ltradiation will be to a dose of 25 Gy to eliminated do110r stem cells 
and lymphocytes that could result in donor cell-initiatecl hematopoietic engraftment. 
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cellular sensitization ~nd gr::ift-vers us-host disease. No cross-typing or blood-typing will 
be performed. 

If whole blood is to be ad ministered, the unit of blood is placed on a rocker for 
continuous mixing at room tempernrure in order to preserve plarelet funcrion and 
administered with 48 hours of donation. 

l. Justification and Criteria for Selection of Animal for Whole Blood Transfusion. 
In this model we know the radiation dose (6.5 Gy) and also n.. sume that adequate 
biodos imctry assessments wil l support medical treatment decisions. rn our previous study 
NHP were euchanized 16 ±2.5d (range: 14 to 20d) after exposure to 6.5 Oy. In 1his 
treatment ~tudy arm of the protocol, our goal is to rescue the 6.5 Gy NHPs. Dr. 

l(b)(()) lused a whole~blood transfu~ion trigger of <25% h~matocric that was 
reached - I 0 dafter exposure in our previous study of 6.5 Gy irradiaied NHPs (See 
Append ix A). We think that platelet levds were critical and plan to rely on Jow platelet 
levels as the trigger for whole-blood transfusions to provide donor plmclc1s to :.dlow rhe 
animals to bridge over until recovery. We arc concerned about bleed out when 
performing whole blood transfusions due to low platelets so have elected to trigger whole 
blood transfusion a little before the precipitous decline in platelets (Sec Appendix H). At 
AFRRI there is limited experience in whole blood transfusions with NHP:1. so we are 
being con:;crvati ve in using a trigger of platelet level of 70 to I 00 x I 09/L would occur as 
early as 6-7 d. 

Whole blood transfusions will be performed on appropriate protocol study irradiated (6.5 
Gy) animals when platelet counts drop helow 75 to 100 x 109/L. Based on prior studies 
we expected to need to ttansfttse whole blood 10 6.5 Gy irradiated animals as early as 8 
days after irradimion and likely a second rime several days later while rhe animals ure 
undergoing radiation-induced thrombocytopenia; see Appendix H - Attachment C. 

J . Whole B.lood Transfu!)ion. 
The site of venipuncture on anesthetized animals will be cleansed with betadine. aml then 
alcohol swabs X 2 prior to the infusion of whole blood. 

Animals will not be give antihistamine or corticosteroid before transfusion of whole 
blood. Whole blood is usually administered slowly (approximately 30 ml over S minu1es, 
19-23 gauge needle, using a sterile disposable 18 micron(µ m) mesh filter) . 

The animal will be monitored for anapbyluctic reaction (swelling. urticarial, hives. rnsh . 
difficult breathing). If reaction occurs, the transfusion will be stopped (at least 
temporarily). and corticosteroids (dexamethasone at I mg/kg IV, 19-23 gauge needle) 
cind /or histamine (diphenhydramine 2.2 mg/kg, LM. 19-23 gauge needle) will be given. 
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After resolution/improvement of signs, tbe transfusion muy be l'l'-staned ut V2 to 1/3 the 
original rate. 
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Appendix H ~Attachment A (List of Supplies) 

Equipment 
I . VSD !:Cale for me:m1rement of animal body weight 

2. Temperature wand 

3. Temperature controlled centrifuge with appropriately sized rotors 
4. Mechanical mixer 
5. Refrigerator 

Per. on~J Protection Equipment 
I. Gloves 
2. Musks 

3. Goggles 
4. Lab coat 

5. Sleeves 
6. Hairnets 
7. Foot booties 

Supplies 
1. Hazardous waste containers 
2. Prcp1intcd labels for i.yringes an<l centrifuge tubes 
3. k e buckets 
4. Secondary transport container 

Chemical!> 
l . Xylazinc 
2. Kern.mine 
3. Medical grade lactated Ringers Solution 
4 . Sterile saline 
5. Dcxamethasone (corticosteroids) 
6. Diphenhydramine (antihistamine) 
7. Citra1c-phosphate-dextrosc with adenine (CPD-A) [Sigma ] 

Blood Collcc1ion Supplies 
l. 19-25 Gauge needles 
2. Winge<l catheter infusion set 
3. EDT A tubes 

4. Sernm separator tubes 

5. I ml syringes 
6. 30 mL syringes 
7. Syringt' caps 
8. 50 mL tuhcs 
9. 250 mL lube.s (.secondary' conla.iners) [Denville Scienti fic C-341 l : 

(http://www.denvillescientific.com/nodel950] 
I 0. Punafi\m 
l l . 70 micron cell strainer I BD Biosciences) 
12. 18 micron blood filter [Utfih Medical Products] 
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Appendix H - Attach.ruent B. NHP Donor Study Schedule: Blood draw sc.h~dule and blood 
volumes 

Time, Blood 
wk/d/h volume in Blood volume in an EDTA tube for CBC. ml 

Micro SS Syringe containing Citrate Phosphate Dextrose. ml & 
Tuhe for Lactate Ringers Solution Replacement Volume!> Required. ml 

chemistries. (per 30 d period) 
ml 

NHP body 3 3.5 4.0 4 .5 s 5.5 6 6.5 7 
weights. kg 
Maximum 1.6 1.9 2.2 2.45 2.7 2.95 3.2 3.5 3.8 
daily blood 
drnw 
volrnm~ . ml* 
Maximum 16 19 22 24.5 27 29.5 32 35 38 
blood draw 
volume in 3-
4wik: 
t)eriod#, ml 
LRS fluid 8 JO 11 I 2.5 14 15 16 18 19 
replacement, 
ml 

l•:iii. Cd · A· , - -.,~;:_-. =-;;-
~ 

-----'-< :. I 
- -- -- - - - .~ 

-~ - - - -- -· - - -
CBC -- 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Blood 16 19 22 24.5 27 29.5 32 35 38 
donation 
maximum 
volume, ml 
Duling periods of blood donation 
Once every 2 0.225 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
weeks 
During periods when animal is not used for blood donation 
Blood for 0.225 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
CBC and 
chemistries 
once every 
6±2wk 
*Note. For repeated daily blood draws the maximum Jai ly amount of blood volume shou Id be 
51 % of total blood volume, typically estimated based on the aairnal body weight. For Rbesus the 
blood volume per body weight is 54 ml/kg (Laboratory Anilm1Js 27: 1-22, 1993). Sample 
calculation: Assume a 4.5 kg NHP this represents a daily Mood draw of 2.4 ml ( 4.5 kg x 54 
ml/kg x 0.0l). 
#Whole blood transfusion volume based on 7-14 ml per kg. 
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Appendix ff - Attachment C. Platelet counts in NHPs TBI to 6.5 and 8.5 Gy with 60Co y-rays {DARPA study results) 

-..-
I 

...J 
O') 100 
c ..-
>< -J5 
Cl> -s 
cu 10 -c.. 
c: 2 cu 
Cl> 
:E ----- 6.5 Gy 

· ·O ·· 8.5 Gy 

1 
0 10 20 30 40 50 60 

Time (d) 
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Appendix I = Implantable Microchips 

Microchips. The animals will be anesthetized at the be.ginning of the. :.tudy for microchip 
implantation, see V.4.l.2.1. The microchip is locaced inside of a needle (12 Guage) and syringe 
like device (Figure I). 

Figure I. Pre-stcrili7.ed, disposable, needle a.o;semblies. 

The animal skin between the houlder blades is lifted up and the microchip is injecred 
subcutaneously. A small amount of tissue glue may be applied to the exit area, in order to ensuire 
that the microchip stays in the place as the animal begins to move around (Figure 2). 

Figure 2. lmplancable microchip - anchors securely to tissue. 

66 



These devices facilitate monitoring from a distance. lht: subnuaneous body temperature without 
hu ving to anesthetize the primates (Figure 3). 

Figure 3. Bio Medic Data Sysrem DAS-6001 Data Acquisition Sysrcm. 

The use of 111icrochip is a fu1ther refinement in rhat it Joe~ reduce stress and provide.s 
improvement diagnosis without the intervention of staff to handle the animals. rM injections will 
be administered in the cranial or caudal thigh muscles u~ing a 25 - 22 gauge needle. 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL 
FORMAT WITH EMBEDDED INSTRUCTIONS 

(October 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template !hat does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and ti11e in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators {Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be or use to the IACUC during its review may be at1ached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property {e.g., concepts, 
Ideas, experimental approaches, etc.), some of whlcll Is Innovative or original and therefore 
considered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpon other than to evaluate the protocol, without the wrltlen permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONL V 
PROTOCOL NUMBER:l(b )(6) I 

Submission D.ate: 3/112013 2"" Resubmissiori Date: 

Approved/Returned for Revl~lon: 3i18J2013 Approved/Approval Withheld by IACUC: 

1" Resubmission Date: 3/2812013 EXPIRATION D1ATE: 

~eroved/Returned for Revision: 4/5)2013 Previous Protocol Number {if related) 

SECOND TIER REVIEW 
(if reauired) 

Sut:m1isslon Date: Approved/Returned for Revision: 

Approvecf/Reiurned for Revision: 2"d Resubmission Date: 

1" Resubmission Date: Approve cf/ Approval Wlthheld: 

NOTES to Pl: 
• To DISPLAY this Word document's red-text instructions. Review V•~w DMloper 

single-click Word's Show/Hide button (shown, right), 
located In Word's top-of-page panel (Click Word's 
"Home" tab if Show/Hide isn't displayed). 

• To HIDE lhe red-text instructions. single-click the 
Show/Hide button again . 

Paragraph 

4i4i2016 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME O_F F.ACILITY: Armed Forces Radiobiology Research Jnstitute 

II. PROTOCOL NUMBER: .... l (b_)(6_J ____ __, 

Ill. PROTOCOL TITLE: Endothelial Cell Regulation of Hematopoiesis after Radiation 
Injury un the Laboratory Mouse (Mus musculus) 

IV. PRINCIPAL INVESTIGATOR: 

Date 
AFRRI 
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V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and ls consistent with good scientific research practice. 

l<bl(6l I PhD, Lt Cot. USAF 
Head, Scieniifle Research Oep-amept _AEBBJ 
Telephone:lcbJ(6) I Faxf(b)(6) I 

Date 

l<bH6) I 

VI. STATISnCAL. REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures ~hat the number of animals used is appropriate to obtain suifident data and/or is no~ excessive, 
and the statistical design is appropriate for the intent of the study 

l_(b-)(6_) ____ _,I PhD 
Stalisfrc1an 
T elephone:"""l(b..,.,)("""'6) ___ 1 Fax:!(b)(6) 

Date 

l<b)(6) ' 

VII. A TIEN DING VETERINARIAN: In accordance with Animal Welfare Regulations. the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more tlhan sllght 01r momentary pain or distress, even if relieved by anesthetics or analgesics. 

l(b)(6) I DVM, L TC, vc. USA Date 
Head, Veterlnar Sciences Department, AFRRI 
uetephone b 6 Fad""(b-..l,..(6...,) ___ _. 
(b)(6) 

VIII. SAF1ETV OFFICER: ihis animal use protocol received appropriate review tor safety and 
biohazards. (Attach copy of completed AFRRI Form 310. EH$ Research Protocol Hazard Analysis) 

l(b )(6) Date 
~-.;,.;.=...._..,_n...,· Safetv Department USUHS 

........ ~ .................. -.__......._Fax:[b)(6) I 

IX. IACUC AipPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on-----

(Date) 
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PROT10COL TITLE:Endothelial Cell Regulation of Hematopoiesis after Radiation Injury 
in ~he Laboratory Mouse (Mus musculus) 

PRINCIPAL INVESTIGATOR: 

l (b)(6) I PhD Date 
Program Advisor Radiation Countermeasures. AFRRI 
Tele hone (b)(6) Fa>i:l(b)(6) I 
(b)(6) 

CO-INVESTIGATOA(S): N/ A 
AFRRI SCIENf1IFIC RESEARCH PROTOCOL NUMBER:l,__(b_)(6_> _ ____, 
This ro osal corresponds to part of Aim 2 in AFRRI intramural research project 

(b)(6) 

I. NON· TECHNICAL SYNOPSIS 
Mortality after exposure to radiation from nuclear devices or dirty bombs results to a 
large extent from failure of blood-forming tissue to produce sufficient quantities of 
platelets and white blood cells, causing hemorrhage and Infection. This ls referred ~o as 
the hematopoietic subsyndrome of the Acute Radiation Syndrome (ARS). There is a 
vital need for effective treatment against radiation targeting blood-forming tissue, both in 
response to potential nuclear attacks and in the clinical setting. Precursors of blood cells 
and platelets are termed hematopoietic stem and progenitor cells (HSPC). In bone 
marrow {BM), HSPC are in close association with cells that form blood vessels, i.e., 
endothelial cells (EC). There is evidence that the maintenance and healthy functioning 
of HSPC require interaction with EC; however, the mechanisms by which EC support 
HSPC are little-investigated and poorly understood. Our hypothesis is that EC sigma.ls 
are important in promoting recovery of HSPC after radiation injury. Our long-term goal is 
to identify important EC signals that support HSPC in injured hematopoietic tissue, with 
a view toward developing radiation countermeasures. The roles of EC and their signals 
are being tested in an in vitro model system compris ing coculture of EC and HSPC. We 
showed that EC stimulate functional recovery of HSPC after radiation injury. Specific 
signaling pathways are being investigated to determine which signals might be 
modulated in EC to Improve their ability to promote HSPC productioh and function. In 
this project; we wm test the hypothesis that signals in EC prolong animal survival after 
ionizing radiation in mice by injecting EC into mice exposed to irradiation. This has been 
demonstrated in one report from .2007 using brain EC. but we hypothesize that BM EC 
will be superior in this regard. After irradiation or mice and subsequent injection or EC, 
mice will lbe monitored for 30-day survival (hematopoietic syndrome}, and BM functions 
will be analyzed. The work is preparatory to future work where specific signalling 
pathways will be altered in EC by genetic engineering before administration to mice. 

II. BACKGROUND 
11.1. Backgr«Jund 
Radiation lniJ,J,JY and Radiation Countermeasures_ 
There is an increasing threat of nuclear attacks.1 ·3 No ARS countermeasures have 
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been approved by the FDA, partly due to the fact that the mechanisms of radiation injury 
(b)(4),(b)(6) an.d ..recovery..ar.e.poerly-under-stood[]l\.lthough elements of the hematopoietic lineage 

have been studied in isolation,5 another approach is to study hematopoietic signals 
expressed by other cell types; this resulted in a successful FDA IND application for 
CBLB502, based on a protein made by microorganisms.6 The approach of identifying 
potential drug targets based on signals in non-hematopoietic cells can be applied to 
cells making up the BM microenvironment, which regulates survival, proliferation, and 
differentiation of HSPC.7 Hematopoietic factors are induced in BM in response to 
radiation injury.a and one of these, G-CSF, is now the standard treatment for radip.lilj>n 
casualties.9 We examined interactions between irradiated HSPC and osteoblast~n0 J'?.)J~)_.(b)(6) 
discovered radiation induces hematopoietic factors, including G-CSF, in these cells. 
Another important component of the microenvironment is the microvasculature, 
because of hematopoietic signals expressed by EC .7·11-1 4 These are important in normal 
hematopoiesis, and EC enhance recovery of HSPC from radiation, 15•16 but the specific 
signals are not known. The overall goal of our research program is to understand the 
signals expressed in EC, before and after radiation, and to determine which ones 
promote recovery of hematopoiesis. 

HSPC and EC in the Perivascular Niche 
HSPC comprise self-renewing, relatively quiescent stem cells that give rise to 
progenitors of all blood lineages, and progenitor cells, which are more rapidly dividing, 
and lose self-renewal capacity as they become more differentiated along specific 
lineages. 17 They reside within specific BM niches that support maintenance, 
differentiation, and proliferation:7 the osteoblastic or "bone" niche, and the perivascular 
niche. The perivascular niche comprises mesenchymal progenitor cells, reticular cells, 
megakaryocytes, and EC. These cells regulate HSPC survival by secreting factors, 
and/or expressing rece,ciers and/or ligands that signal upon cell-cell contact. 18 In 

(b)(4).(b)(6) addition .. to···Oste-0blastsLJ 9•21 recent work suggests that EC7•1a·22•23 play critical roles.24 

The perivascular niche is characterized by discrete areas of endothelium that express 
high levels of EC adhesion molecules (CAMs) such as E-selectin, as well as growth 
factors and chemokines, such as SCF, TGF-~, IL-8, IL-11 , CXCL 12, FGF-4, and Ang1/2 
(see Appendix 1 for list of acronyms).25 Mice deficient in CXCL 12 display a defect in the 
hematopoietic colonization of the BM during embryogenesis,26 a defect that could be 
rescued by enforced expression of SDF-1 in vascular EC, suggesting EC in BM are 
essential for colonization of fetal BM by HSPC.27 Isolated BMEC contribute to 
hematopoiesis and support the proliferation and differentiation of HSPC via cytokines 
and possibly by physical contact. 28·30 BM sinusoidal EC provide a platform for 
differentiation of progenitors, such as megakaryocytic progenitor cells.31 Recent work 
showed the activation state of EC up regulates factors which support HSPC expansion 
via Akt or maintenance and differentiation via p44/42.32 HSPC may also exert direct 
effects on EC. This is supported by the observation that HSPC VEGF-A stimulates EC 
pro liferation .33 

Effects of EC on hematopoiesis after radiation injury 
Radiation exposure leads to myelosuppression via apoptosis of hematopoietic cells as 
well as effects on the BM vasculature. There is no hematopoietic regeneration without 
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vascular reconstitution of BM.7•34 Damage to EC within BM is followed by incomplete 
repair and cell death.35 In addition to endothelial apoptosis, radiation induces 
endothelial NF-KB activation, alters chemokines and adhesion molecules, tissue factor, 
and thrombomodulin,36 and induces release of von Willebrand factor, promoting a pro
inflammatory response. Radiation upregulates PDGF (A-D) in EC.37 VCAM-1 
upregulation and P-selectin downregulation in BM microvessels were observed after 
TBI, and this led to increases in hematopoietic progenitors adhering to vessels.38 

Damage to EC causes an increase in circulating EC after irradiation.39 Reestablishment 
of EC activity improves hematopoietic recovery and survival of irradiated mice.25 

Transplantation of primary vascular EC enhanced survival of irradiated mice, and 
resulted in increased numbers of BM HSPC and recovery of circulating white blood cells 
and platelets.15 Pleiotrophln expressed in human brain EC is a hematopoietic factor and 
its administration results in expansion of HSPC in vivo in mice.40 Endogenous 
pleiotrophin in BM EC regulated retention and self-renewal of HSPC in BM.12 We 
believe identifying roles of EC-derived factors that enhance survival of a functional 
hematopoietic niche will facilitate identification of drug targets and lead to development 
of safe, effective radiation countermeasures. 

11.2. Literature Search for Duplication 
U.2.1. Literature Sources Searched: BRO, NIH Reporter, PubMed 
11.2.2. Date of Search: January 18-20, 2013 

11.2.3. Period of SearchAll available years: 
BAD: FY2005-FY2009 
NIH Reporter: 1988-2013 (Projects and Publications) 
PubMed: includes MEDLINE (1966-present) and OLDMEDLINE (1950-1965). 

11.2.4. Key Words of SearchHematopoietic AND Endothelial AND Radiation AND 
Transplantation 

Subsets of these key words produce many projects and papers with which we are 
familiar, and which are relevant to our program. However, all keywords together are 
necessary to find possible projects and papers that are duplicative of the proposed 
work. 
11.2.5. Results of Search 

Most of the projects revealed in the searches of the three databases did not deal with 
transplantation of EC for addressing AAS. They addressed use of EC to expand HSPC 
in vitro for subsequent transplantation of HSPC, other types of transplants, and radiation 
injury to EC. 
BAD: 220 references were found. None were relevant to the issue of duplication. 

NIH Reporter: 70 results were found. Two relevant funded programs were found. They 
are parts of NIAID-funded Centers for Medical Countermeasures against Radiation 
(CMCRs) at: 
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1) Duke University, where a project headed by John Chute is exploring transplantation 
of EC as a radiation countermeasure. Papers from this program are cited in the 
Background section. 12·15.4° Endothelial progenitor cells (EPC) were shown previously by 
this group to promote hematopoietic reconstitution in vivo after total-body irradiation.41 

2) Albert Einstein College of Medicine of Yeshiva University, where a project headed by 
Chandan Guha is testing transplantation of EPC as a radiation countermeasure. EPC 
were shown by this group to mitigate gastrointestinal radiation injury.42 

Our proposed protocol is not duplicative of the two cited projects because: 

1. The project at Duke is using EC from tissues other than BM. EC from different tissues 
are known to have widely different properties. In fact, it is known that some types of EC 
from tissues other than BM have no effect on hematopoiesis, while others do.15 

Therefore, it is important to test EC from the tissue being affected by radiation injury 
during the hematopoietic syndrome: BM. These are the endogenous EC that can 
potentially mediate recovery from hematopoietic injury. 

2. The Guha project is not using EC, but EPC, as was done previously by the Chute 
group.41 Although these may have some beneficial effect, it is important to test the 
ability of mature, differentiated EC to promote hematopoiesis and survival after radiation 
injury, as our hypothesis, supported by the literature, is that it is the EC that have these 
beneficial effects. 

3. The Guha group is studying gastrointestinal injury, whereas we propose to study the 
hematopoietic syndrome. 

4. In addition to the previous three issues, the current project is part of a Jong-term 
research program at AFRRI that aims to identify important signaling molecules in EC 
and to genetically engineer EC to produce a radiation countermeasure superior to 
native EC. It is important for us to establish EC transplantation in our laboratory, and to 
verify their beneficial effects, as part of this larger program. 

5. To date, only one publication showed administration of EC (from brain) mitigates the 
hematopoietic syndrome.15 This needs to be confirmed by an independent group, as we 
propose here. This needs to be confirmed not only for EC in general, but for EC from 
BM. This confirmation is required to set the stage for our subsequent work. 

PubMed: 111 papers were found. In addition to the work cited above, a recent relevant 
study on EPC transplantation by Zeng et al.43 was discovered in this search. Our 
proposal is not duplicative of the Zeng project because we are using EC, not EPC. 
Moreover, the Zeng paper only tracked migration of injected EPC rather than studying 
functions or effects of the transplanted cells, as we propose here. Other papers in the 
search results used EPC to treat nonradiation injuries. 
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Ill. OBJECTIVE I HYPOTHESIS 1. The primary hypothesis to be tested in this protocol 
is that postexposure administration of mouse BM EC will enhance survival of mice 
irradiated at doses that cause the hematopoietic syndrome. 
2. A secondary, related hypothesis is that postexposure administration of mouse BM EC 
will improve bone marrow function as assessed by peripheral blood counts and 
clonogenic quantification of hematopoietic progenitors in BM. 

IV. MILITARY RELEVANCECurrently, there is no safe and non-toxic radiation 
countermeasure available. Military personnel are potentially exposed to radiation in 
various scenarios, some of which include exposure to neutrons. Both early and late 
health effects of radiation exposure are major concerns for the military. Thus there is an 
urgent need to develop clinically safe, potent and non-toxic radiation countermeasures. 
Developing countermeasures to radiation exposure is a top priority for the US 
Department of Defense. 

With the deployment of radiation countermeasures, forces exposed to moderate doses 
of ionizing radiation will exhibit enhanced survivability, expanding the range of operable 
threat environments. The options available to field commanders will increase, and the 
morale of personnel at risk of exposure to ionizing radiation will improve. DoD Defense 
Technology Objective MD.18 listed the military payoffs of radiation countermeasure 
deployment as follows: "Effective mitigation of health consequences will (1 ) reduce 
casualty load at medical treatment facilities, (2) sustain a more effective operational 
force after a radiation exposure event, (3) allow commanders to conduct operations in 
radiation field environments without undue risk of decremented performance of 
personnel due to acute tissue injury .. . , and (4) reduce the negative psychological 
impact on personnel tasked to operate in contaminated environments." 

V. MATERIALS AND METHODS 
V.1. Experimental Design and General Procedures 
General: 
Male CD2F1 mice will be obtained from an approved vendor (Harlan preferred), 
quarantined upon arrival, and representative animals screened for evidence of disease 
before irradiation and experimentation. Total-body irradiations of 280 mice (64 from 
Expt. 1, 120 from Expt. 2, and 96 from Expt. 3) at 0.6 Gy/min in the high-level Cobalt-60 
facility will be performed accord[J to previously publisl"led methods, following AFRRI 

(b)(4).(b)(6) .... .stao.dard oper.:ating.procedures ····· Animals will be placed into well-ventilated Plexiglas 
boxes and irradiated bilaterally. All irradiations will be performed before 12 noon. 112 
mice (64 from Expt.1, 96 from Expt. 3) will be sham-irradiated. Sham-irradiated mice will 
undergo the same procedures as tl"le irradiated mice (transport to radiation facility, 
placement into Plexiglas box), minus the radiation exposure. 

Isolation of BM EC from donor mice 
BM aspirates from femurs of male CD2F1 mice will be washed and seeded in 
gelatin-coated flasks containing EC media, and cells in suspension will be separated 
4-6 h later. This time allows adherent cells to stick and any cells in suspension, 
including cells that may express the EC marker CD31 , to be removed with the 
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medium. After adherent cells are near confluence, they will be trypsinized, and 
incubated with Dynabeads® (lnvitrogen, Inc.) CD31 EC isolation beads following the 
manufacturer's protocol. The identify of the CD31-enriched cells will be verified, cells 
expanded and tested for possible Mycoplasma contamination in-house using a 
commercially available kit (MycoAlert, Lonza, Inc.), and used in in vivo experiments. 

V.1.1. Experiment 1 Determine the maximum number of BMEC efficiently 
administered intravenously via tail vein injection. 
This experiment will involve technical training to gain competence in IV injections, and 
to specifically determine the maximum dose and injection schedule of BMEC. Three 
different doses of BMEC (2.5X105, 4X105, 5X105 cells/mouse) diluted in Hanks 
Balanced Salt Solution (HBSS) + 1% BSA, along with HBSS/BSA as a vehicle control 
will be infused iv 5 times (1 time/day) into male CD2F1 mice (8 mice per group) that are 
non-irradiated or irradiated at an LO 70/30 (currently 9.25 Gy) to ensure the technical 
accuracy of injecting cells and the effect of irradiation on cell infusion. Mice will be 
monitored for 10 days to ensure that there is no reaction to the cell injection. Based on 
the results of this study, the highest dose efficiently administered will be selected for 
remaining studies. 

Number of mice required for Experiment 1: 
Radiation doses : 2 (0 Gy, 9.25 Gy) 
Treatment groups: 4 {1=HBSS, 2=2.5X105 BMEC, 3=4X105 BMEC, 4=5X105 BMEC) 
Mice/Group: 8 
Iterations: 2 
Training mice (for perfecting iv injections): 50 
Note: training mice will also be used for donor mice. 
Total number calculated by multiplying cells: 

Radiation Treatment Mice/ 
Doses Groups Group 

2 4 8 

Total mice for Experiment 1 : 128 + 50 = 178 

Iterations Total 

2 128 

V.1.1. Experiment 2 Effect of administered EC on survival (moribundity) 
All mice (except donor mice) will be exposeQ.Jc, radiation at a dose that causes 70% 
mortality in our laboratory, currently 9.25 GYL::Jfhere-w1H .. ·be· .. threa-experimental gr.oups ..... ~?.l.\~)!.(b)(6l 
differing by wflat will be administered after irradiation: 1) nothing, 2) HBSS+ 1 % bovine 
serum albumen, and 3) BM EC. After irradiation, mice will be given BM EC with a 
preliminary injection schedule based on results from Experiment 1, but not to exceed 
5x105 ce lls daily for five days by iv tail vein injection, with the first injection at 2 h post-
irradiation. The HBSS group will receive injections with the same schedule. This initial 
dosing schedule and administration route is based on the work of Chute at al.15 but may 
be altered based on preliminary results. Following Chute et al, 15 EC wi ll be used after 
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no more than 5 passages, and washed twice and resuspended in HBSS + BSA just 
before injection. 
The experimental endpoint will be 30-day mouse survival (number of mice reach ing 30 
days without dying or displaying signs of moribundity requiring euthanasia). 

Number of mice required for Experiment 2: 
Radiation doses: 1 
Treatment groups (1. no treatment, 2. HBSS, 3. EC): 3 
Mice/Group: 20 
Iterations: 2 

Total number cal db 1 · I . II cu ate >Y mu tiolvma ce s: 

Radiation Treatment Mice/ 
Doses Groups Group Iterations 

1 3 20 

Donor mice for EC for Group 3 (2 iterations): 40 
Total mice for Experiment 1 :: 120+40=160 

2 

Total 

120 

V.1 .2. Experiment 3 Effect of administered EC on hematology (peripheral b lood 
elements and BM HSPC) 
Mice (except donor mice) will be exposed to a sublethal dose of radiation low enough to 
allow sufficient ~sin circulation and BM for analysis during the first two weeks after 

(b)(4).(~t{6J_.exposure; 3 G~o assess the effect of injections on unirradiated mice, other mice will 
be subjected to sham-irradiation. Treatment groups will be as in Experiment 1, differing 
by what will be administered after irradiation: 1) nothing, 2} HBSS, and 3) BM EC. After 
irradiation, mice will be given BM EC or HBSS (or nothing) as described for Experiment 
2. 
The experimental endpoints will be 1) quantitation of peripheral b lood elements using 
CBC-diffs, and 2) quantitation of BM progenitors using clonogenic assays standard in 
our laboratory.44 Mice will be euthanized on days 7 and 14 (8 mice/group) after 
radiation to perform these procedures. 

Number of mice required for Experiment 3: 
Radiation doses (1. sham-irradiation, 2. 3 Gy): 2 
Treatment groups (1. no treatment, 2. HBSS, 3. EC): 3 
Mice/Group: 16 
Iterations : 2 
Total number calcul d b I · I · II ate >Y mu t1Pl'v1na ce s: 

Radiation Treatment Mice/ 
Doses Groups Group Iterations 

2 3 16 I 2 

Donor mice for EC for Group 3 (2 iterations): 40 
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Total mice for Experiment 3 == 192 + 40 = 232 

Grand Total of mice needed for Experiments 1, 2, and 3: i 76 + 160 + 232 = 570 

V .2. Data Analysis Means with standard errors. or percentages, will be reported if 
applicable. The significance level wlll be set at 5% for each test. All statistical tests will 
be two-sided. Multiple comparison tests will be used when appropriate. Drugs will be 
compared to vehicle injections, and irradiation will be compared to sham irradiation 
where appropriate. Statistical software, PC SAS, will be used for statistical analyses. 

Experiment 2: Log-rank tests will be used in comparing survival curves for' each 
experiment. If those are significant. pair-wise comparisons will be done by Fisher's 
exact tests. 

Experiment 3: 
Analysis of variance (ANOVA) will be used to detect significant differences among 
groups. lf significant, then Tukey-Kramer pair-wise comparisons will be used to identify 
whlch groups are different from each other. 

Sample size justification for Experiment 2: 
The 20 mice per group could have 80% power to detect a significant difference between 
two groups, given type I error of 5% and a treatment group survival rate of at least 73%, 
it the control group is 25%. Similar statements would apply, provided the treatment 
groups display survival of at least 86°/o, 83%, or 78%, if the respective control groups 
would be 40%, 35%, and 30% respectively. Note: power analysis may suggest smal ler 
groups are adequate. However, radiobiologists at AFRRI and elsewhere observe 
considerable variability from experiment to experiment in mouse survival protocols that 
is not reflected in the power analysis. In fact, some institutions have gone to a group 
size of 30 in these types of experiments for th is reason l(b)(6) I 

l<b)(6) I. We have found over the last six years that 20 mice per group 
are sufficient to obtain results that are interpretable and repeatable. 

Sample siz:e justification for Experiment 3: 
The sample size per group (N;;8) would have 80% power to detect a significant 
difforence between two groups, given type I error of 5% and delta/sigma of at least 1.4, 
where the delta is the estimated mean differences between the two groups and sigma is 
the standard deviation of the ANOVA model.47 

Note on requirement to repeat experiments: It is a generally accepted principle of the 
scienmic method that results must be repeated to evaluate a hypothesis.48 Scientific 
journals (e.g. , Endocrinology) state that experiments must be repeated to qualify for 
publication. 

V .3. Laboratory Animals Required and Justification 

V.3.1 . Non-animal Alternatives Considered 
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V.3.2. Animal Model and Species Justification We considered computer models and 
tissue culture as alternatives to animals. Both alternatives lack the knowledge base and 
complexity needed to evaluate the effects of radiation and countermeasures on the 
hematological and immune systems. The phenomena under study involve complex 
information-processing networks comprising hundreds of cell types and biological 
signaling molecules. Responses to irradiation and drugs involve interactions between 
the central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
organs, etc. We do not know all of the cell types and tissues involved and many of the 
signaling molecules have not been discovered yet. Even if all of the tissues, cell types 
and signaling molecules were known, the present state of the art of tissue culture would 
be incapable of reproducing their in vivo relationships. One would have to reproduce 
much of an entire mammalian organism in culture to study these phenomena in vitro, a 
scenario that would have its own ethical issues and would blur the distinction between 
"in vitro" and "in vivo." As for computer models, the most powerful supercomputers 
available in the foreseeable future would be incapable of analyzing interactions between 
so many elements in the network. These drugs and formulations will have to be 
evaluated in whole animal models. The purpose of the proposed research is to begin to 
identify the cells and signaling molecules necessary to construct a model of radiation 
injury and countermeasure mechanisms. It is also important to understand that it is a 
fallacy to assume that high level "emergent" phenomena can be understood by the 
reductionist approach of studying each basic component in isolation, and then 
synthesizing the results. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species: Mice (Mus musculus) 

V.3.3.2. Strain I Stock: CD2F1. Origin: female BALB/c x male DBA/2 

V.3.3.3. Source I Vendor: VSD approved vendor (Harlan preferred) 

V.3.3.4. Age: 10-14 weeks 

V.3.3.5. Weight: 24-32 g 

V.3.3.6. Sex Male. To avoid influences of hormonal cycles in these proof-of-principle 
experiments, females are not included. Effects of sex differences will be explored in the 
future if funding is obtained. 

V.3.3.7. Special Considerations The vendor's animal husbandry, breeding, and 
shipping practices should be in accordance with the Animal Welfare Act P .L. 89-544 
and The Guide For The Care and Use of Laboratory Animals. 

The animals must be adventitious disease-free. All animals should be raised with 
restricted access and strict entry and exit policy in caging that reduces the exposure to 
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pathogens such as in barrier condition, microisolation caging or isolators. They must be 
free of pathological lesions as assessed by gross exam. 

Health surveillance monitoring must be performed regularly on the colonies and verified 
by an outside source. Health Surveillance reports should be sent with the animal 
shipments and must be current as well as accurate. 

The mice must be pathogen-free, specifically for the following agents: Pseudomonas 
aeruginosa, Klebsie/la pneumoniae, Proteus morgani and Pasteurella. In addition, all 
mice need to be free of the following viral agents: Sendai, Pneumonia Virus of Mice 
(PVM), Reovirus-3 (Rea 3), Mouse Adenovirus (MA0-1, MA0-2), Mouse 
Cytomegalovirus Virus (MCMV), Ectromelia, K virus, Lymphocytic Choriomeningitis 
Virus (LCM), Epizootic Diarrhea of Infant Mice (EDIM), Hantaan virus, Rotavirus, Mouse 
Parvovirus (MPV), Polyoma Virus, Mouse Minute Virus (MMV), Mouse Thymic Virus 
(MTV), Theiler's Mouse Encephalomyelitis Virus (TMEV/GDV11), Encephalitozoon 
cuniculi, CAR bacillus, Mycoplasma pulmonis, and C!ostridium piliforme. Endoparasite
and ectoparasite-free. 

Genetic monitoring should be used to detect possible contamination and policies and 
procedures must be in place to reduce genetic drift. 

Diet and Bedding Monitoring: 
Standard laboratory animal diet should be used, Teklad preferred. Diet should be 
manufactured under ISO 9000 procedures with careful ingredient sourcing and 
monitoring. High quality bedding and bedding enrichment products should be 
manufactured following appropriate quality standards and screened periodically for 
contaminants, with certification available. 

V.3.4. Number of Animals Required (by species) Mice: 570 

V.3.5. Refinement, Reduction, Replacement (3 R's) 
V.3.5.1. Refinement The radiation dose for Experiment 2 is sublethal, minimizing 
discomfort due to ARS. In the mortality studies, in order to minimize discomfort when 
animals become morbid, investigators and animal care staff will examine the mice at 
least twice daily, including in the early morning and late afternoon. Moribund animals 
will be considered to have arrived at the study endpoint and will be euthanized. 
Analgesics were considered as a way of minimizing discomfort during the onset of 
opportunistic infections, which will occur during the survival experiments. However, 
analgesics and anesthetics are well-known to alter the functional properties of the 
immune system and resistance to infection,49-73 which would defeat the purpose of the 
study. 

V.3.5.2. Reduction We will use training animals in Experiment 1 as donor animals for 
BM EC. We will use the same mice for peripheral blood counts and clonogenic studies 
of BM progenitors. We will use only one dose of radiation for the survival experiment, 
and one for the hematology experiment, to avoid gathering data that does not add 
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s~bstantia. lly to the mai~ points being test~d .. w. e consid~red reducij-g th1e lumber of 
mrce per group, but decided we could not in hght of previous results ···· ..... -.................... j~)(4) '.(b)(6) 
Although some institutions have gtme to a re>u size of 30 in these t -es of 
experiments lbecause of variability (bJ(6) ~---

l(b)(6J lwe have found o~ve~r~e~a""'s~s1""x"""y~e"""a~rs~~a~. """"~m~1c __ e __ p~e~r~g~roup is 
sufficient to obtain resu lts that are interpretable and repeatable. 

V.3.5.3. Replacement None (see section V.3.2 for explanation) 

V.4. Technical Methods 
V.4.1 . Pain I Distress Assessment 

V .4.1.1. APHIS Form 7023 Information 

V .4.1.1.1. Number of Animals 
V.4.1 .1.1.1. Column C 290 (#of animals) 

V.4.1.1.1.2. Column D O (#·of animals) 

V.4.1.1 .1.3. Column E 400 (#of animals) 

v .4.1 .1.1 .. 4. Pain c -ateaorv Assi«:lnments 
Exp.# Experimental/Control Group c 
1 Trainino/Donor animals (for BM EC) 50 
1 All groups (non·irradiated and irradiated at 9.25 Gy}_ 64 
2 Donor animals (tor BM EC) 40 
2 All groups (irradiated at 9.25 Gy) 
3 Donor animals (for BM EG) 40 
3 All grouQs (non-irradiated and Irradiated at ~.o a.,,r 96 
Totals: 290 

D E 

64 

120 

96 
0 280 

Totals 
50 
128 
40 
120 
40 
192 
570 

- - - - - - - - - . ; ~ - .. _ . - .. - - ~ - - - ·- - - - - -•The 3.0 Gy dose of total-body gamma raa1allon 1n C02F1 mice (LD50 - 8.75 Gy) corresponds to a dose 
of approximately L3 Gy in humans (LD50 ~3.7~RS is not clinically significant below 2.0 Gy in 
humans {corresponding to 4.7 Gy in CD2F1 mice~ 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Analgesia I Tranqu i1ization Mice will be anesthetized as part 
of euthanasia (in cases of moribundity or for sample collection} using a portable 
metered lsoflurane system. There Will be no recovery from anesthesia in this case, and 
no prolonged period of anesthesia, hence hypothermia is not a concern. All euthanasia 
will be according to AVMA guidelines and perlormed by trained and technically 
proficient personnel.8° For injection of EC into the tail vein, the same lsoflurane system 
will be used, but animals will revive after the procedure. Body temperature will be 
maintained using a heated stage or heating lamp. 

V.4.1.2.2. Pre- and Post-procedural Provisions: N/A 

V.4.1.2.3. Paralytics; N/A 
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V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched: Agricola and PubMed 
V.4.1.3.2. Date of Search: January 22, 2013 

V.4.1.3.3. Period of Search: All available years: 
Agricola: 1600s to present (according to Wikipedia) 
PubMed: includes MEDLINE (1966-present) and OLDMEDLINE (1950-1965). 

V.4.1.3.4. Key Words of Search: The aspects of the study relevant to alternatives to 
painful or distressful procedures are exposure to 9.25 Gy total-body ionizing irradiation 
causing AAS, and iv injections of EC. Therefore, the following key words were used: 
ionizing radiation AND pain, ionizing radiation AND alternatives, cell transplants AND 
pain, cell transplants AND alternatives. 

V.4.1.3.5. Results of Search: Agricola: no hits. 
PubMed: 
ionizing radiation AND pain: 170 hits 
ionizing radiation AND alternatives: 27 hits 
cell transplants AND pain: 145 hits 
cell transplants AND alternatives: 61 hits 

The only relevant reference found was the work by Teskey et al. showing that total-body 
irradiation can produce analgesic effects.81 For a discussion of alternatives considered, 
please see section V.3.2. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification Irradiated 
animals die due to compromised immune responses and opportunistic infections. The 
percentage of surviving animals is the indicator of the efficacy of a countermeasure. As 
discussed above, we cannot give anesthetic and/or analgesic agents to animals since 
they are known to interact with the immune system, and would confound the 
interpretation, resulting in a waste of animals. See references in section V.3.5.1. 

V.4.2. Prolonged Restraint N/A 

V.4.3. Surgery N/A 

V.4.3.1. Pre-surgical Provisions N/A 

V.4.3.2. Procedure(s) N/A 

V.4.3.3. Post-surgical Provisions N/A 

V.4.3.4. Location N/A 

V.4.3.5. Surgeon NIA 
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V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures N/A 

V.4.3.6.2 Scientific Justification NIA 

V.4.4. Animal Manipulations 

V.4.4.1. Injections Personnel will be trained in tail vein injections by VSD. Guidance on 
injections of cell suspensions into mouse tail veins from the Animal Care and Use 
Committee of NCI in Frederick82 and AAALAS83 will also be followed. For injections of 
EC (or equivalent volume of HBSS) into tail veins, animals will be anesthetized as 
described in section V.4.1.2.1. An alcohol swab will be used to remove the scale from 
the animal's tail. This will increase the visibility of the vein, as well as make entry into 
the tail easier. If the vein is not easily visualized, the tail will be warmed by placing it in 
warm water (about 40 °C) for several minutes and/or placing the mouse at least 12 
inches from a heat lamp for no longer than 3 minutes84. Preparation, dosages of cells 
and frequency will be as described in section V .1 .1. Experiment 1 . A 1 .0 cc syringe will 
be loaded by drawing cells up with a 20 gauge needle. The needle will then be replaced 
with a 27 gauge needle for injection. A different injection needle will be used for each 
mouse. All syringes and needles will be sterile. Cell suspensions will be agitated just 
prior to withdrawal from the vial and injection, to avoid cell clumping. The 1 % bovine 
serum albumen added to the HBSS will also help to reduce clumping. The cell 
suspension will be at room temperature. The tail will be held so that the lateral tail vein 
is uppermost. The tail will be held taut with one hand, near the tip of the tail, and the 
needle inserted into the vein at a minimal angle, in the proximal 1/3 of the tail. The 
needle will be advanced to approximately 112 (-5 mm) the length, feeding the needle into 
the vein, being careful not to perforate the vein. The syringe will be drawn back slightly 
to detect traces of blood flow into the needle hub, which will indicates the needle was 
successfully inserted into the vein. The plunger will be pushed in slowly, to inject all 
material into the vein. The cell suspension injected will be 200 µL in volume or less and 
will be delivered at a rate of less than 6 µUsec. There should be minimal resistance 
when injecting, and the dark vein should turn clear as the HBSS or cell suspension 
displaces the venous blood. The needle will be removed and gentle pressure using 
sterile gauze will be applied directly to the injection site (approximately 5-1 O seconds) to 
stop any bleeding. 

In most cases an injection volume of 0.2-0.5 ml can be safely given to an adult mouse.82 

Most users try to limit the injection to 0.25 ml, a standard veterinary recommendation, 
but for cell injections, over-concentration may lead to embolism in lung capillaries and 
death of the recipient.82 If moderate to severe dyspnea is observed immediately 
following injection (uncommon), the animals will be euthanized. Most mice show only 
reduced activity levels. Animals will be segregated and observed for the first hour 
following injection. If no problems are observed other than reduced activity, the mice will 
be returned to standard housing; normal behavior should be evident the next morning. 
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V .4.4.1.1. Pharmaceutical Grade Drugs No pharmaceutical grade drugs are used in 
this protocol. 

V .4 .4.1.2. Non-Pharmaceutical Grade Drugs 
l'he cells will be grown in endothelial growth medium {Lonza, Inc.} supplemented with 
5% FBS. EGF, and VEGF to support EC growth. The medium is not FDA-approved but 
it has been used to grow cells for implantation in in vivo models85. The recombinant 
cytokines {mouse) will be purchased from R&D systems and lnvitrogen. We wlll wash 
cells with HBSS and inject cells suspended in HBSS + 1 % BSA. The pH of the HBSS is 
7.4. Sterile solutions of culture grade will be used and handled under aseptic 
prooedures. 

V.4.4.2. Bio.samples Blood will be drawn from the caudal vena cava or 5y cardiac 
puncture in mice anesthetized by lsoflurane inhalation as a terminal procedure. Ante.r 
lsorlurane anesthesia and blood collection, animals immediately will be euthanized by 
cervica1I dislocation. Femur marrow for clonogenic assays or EC preparntion, or bodlies 
for disposal, will be collected after e·uthanasia as described under Euthanasia (V.4.6). 
All euthanasia will be according to AVMA guidelines by trained and technically proficient 
personnel.80 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAb) Production : N/A 

V.4.4.5. Animal Identification: Cage cards. Mice will be held in groups of 4 per cage. 
Each card states the investigator's name, protocol number, experiment number, cage 
number, start date, end date. species, item number (animal lot), birthdate, gender, 
strain, number of animals in the cage, vendor, arrival date, treatments, and dates of 
death, including the initials of the staff person who found and removed the, dead 
animals. 

V.4.4.6. Behavioral Studies: N/A 

V.4.4.7. Other Procedures: mice will be weighed prior to radiation. This wei~ght will 
provide a baseline for monitoring weight loss. Mice will only be weighed after radiation 
i1f weight loss is suspected by visual inspection, Weight loss (up to 10%) is a concern 
that will be reported to VSD. 

V.4.4.8. Tissue Sharing: NIA 

V.4.4.9. Animal By-Products: Culture-derived mouse BM EC will be used in this study. 
BM samples will be taken from CD2F1 donor mice post-mortem while in VSD and 
brought to our culture laborator~(b)(S) ~or isolation and expansion of EC. These 
cells will be washed in HBSS + 1% BSA and injected into mice through the tail vein. 
Testing for infectious adventitious agents is not required as the cells will be from the 
same lot of mice (VSD "item") as the recipient mice. 
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V.4.5. Study Endpoint In Experiment 2, the endpoint is euthanasia of moribund 
animals. In Experiment 3, the endpoints are peripheral blood counts (CBC/diffs) and 
clonogenic quantification of hematopoietic progenitors in femur. A score sheet is now 
provided for criteria tor euthanasia in the 30-day survival experiments, according to 
IACUC Policy #10 (see Table 1, next page). 

V.4.6. Euthanasia For sample collection, mice first will be anesthetized with lsoflurane 
and then cervical dislocation will be performed to cause death under a portable fume 
hood with charcoal filter. Mice to be euthanized at the end of the experiment will be 
exposed to C02 by investigative or VSD staff followed by cervical dislocation. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
No more than 4 mice will be placed in a cage during experiments. Animals will receive 
Harlan Teklad Rodent Diet and water ad libitum. Acidified water (pH 2.5- 3.0) is 
routinely provided to AFRRI mice. Cages will be regularly changed and cleaned by VSD 
staff in accordance with Standard Operating Procedures and the most recent edition of 
the Guide for the Care and Use of Laboratory Animals. Animal rooms will be maintained 
under a 12 h light/dark cycle. 

V.5.1.1. Study Room 
As assigned by VSD within the vivarium. 

V.5.1.2. Special Husbandry Provisions N/A 
Table 1: Score Sheet for Euthanasia Criteria (taken from IACUC Policy LeUer #10) 
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Appearance: 

Respiratory rate: 

Nonnal (smoolh coat, clear eyes/nose) 
Hunched and/or fluffed 
Ocular discharge, and/or edema 
Emaciated, dehydra1ed (skin lent)•• 
Soft stools (recal matter around anus) 
Bloody diarrhea 

0 
l 
3 
5 
5 
9 

Nonnal brea1hing O 
Jncreai;ed breaching (double nonnal me, rapid, shallow) 6 
Abdominal breathing (gasping+/- open mouth breathing)• 12 

General Behavior: 
Normal (based on baseline observations) 0 
Strelching of hind limbs with abdominal motion (wrilhe) or grimace (App.Band C) 
Decreased mobility 2 
Ataxia. wobbly. weak0 6 
Inability to sr.and• 12 

Provoked Behavior: 
Normal (moves when cage is disturbed. runs from hind (mice) or investigates (rat)) 0 
Subdued; responds to stimulation (moves away briskly) I 
Subdued even lo stimulation (moves away slowly) 3 
Unresponsive to gentle prodding•• 6 
Does not right when placed gently on side within 5 seconds• 12 

TOTAL 

Definitive criteria for morbidity: 
Weight Loss up lo 10% baseline (if available) .. 
J>ale, white mucous membranes/ skin•• 
Fever> 104F/40C (iravailable)"* 

•• Regardless of scon:, notify appropriate penon 
Immediately. 

Score: 
< 6 Normal 

Delinitiwe criteria for moribundity: 
Weight Loss> 20% OR <I Sg (adult mouse)• 
Blue mucous membranes/ skin (cyanosis)• 
Cool to the touch or <86F/30C (if available)* 

* Regardless of score, immediately euthanize 
(death is imminent) 

6 • 9 Morbid: Monitor at least 3 times per day; notify appropriate petSOnnel immediately 
> I 0 Moribund: Notify responsible personnel immediately for euthanasia (if no single criteria is 12•) 
Any single criteria of 12• euthaniu immediately; consider as 'found dead' 

(Note: This form does no1 ti.ave 10 filkd ou1 for e~ry individual at ev~· obsiervaiion. so long as 1hc criteria are u~ in informing 
decisions on inc~osed monilorin~ and/or cuthan:1sia. This form may be used to make a sprcadshttt for greater case or multiple 

ani1nal obsco-ations. as long us lb: criteria and numbcrin~ S)'sl(m arc (i;actl~· copied.) 

V.5.1.3. Exceptions 
Mice will be socially (group-) housed. There is a possibility that during survival studies 
cagemates may be lost through attrition and for a period of time the sole surviving 
mouse may remain singly housed until the end of the 30-day study. In addition, fighting 
among cagemates may require removal and single housing of the aggressor(s). 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care The animals will be observed daily by 
research staff of this protocol. Morbid mice will be observed twice a day (early morning 
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and late afternoon). Any moribund mice will be euthanized as soon as possible. If 
needed, a VSD veterinarian wil l be contacted for decision to euthanize. 

v.s.2.2. emergency veterinary Medical care 
Emergency veterinary medical care is available 24 hours a day, seven days a week by 
VSD veterinarians and technicians and will include immediate euthanasia of any 
moribund mice. 

V.5.3. Environmenta'I EnrichmentV.5.3.1. Enrichment Strategy The animals wlll be 
housed in standard/conventional rodent caging. Mice will be group-housed, 4 mice per 
cage, with cotton bedding nestlets. Plastic tubes, hutches etc. will be introduced once 
mice have been declared non-radioactive by Safety. 

V.5.3.2. Enrichment Rest rictions: NIA 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

= NAME I DEGREE I TRAINING I D"TE PROCEDURES 
(b )(6) 3 

4a 
5 
3 
4a 
5 
1 
3a,b 
4a 
i 
3 

l"'mcea1.m1 sm1 msn1 lllat1on cooes: p 
Code 1~ Animal h'a:ndling and euthanasia 
Code iii= Surgery (aseptic technique) pre· and posl·operative care 
Cooe 3e Injections j3a-ip, 3b-sc, 3c·gavage) - can say 3 if trained in all manfpulallons or add 30.iv 
Code 4• IBlood oolleciion under arieslhesia (4a-cartliac, 4b-po$tei'lor vena ctwa) 
Code!\: Tissue collectior1 [after eulhanasiCIJ - dMSn'f need to be speeilic 
Code 6 = 1mpJantati0J1 (provide details} 

YRS/MOS 
El<PEFllENGE 

(b )(6) 

Gode 7 : Olhers · '(provide protocol specttic manipulations or procedures for e.g., retro-orbltal bleeding. tail vein injection, or drug 
delivery) 

VII. BIOHAZARDS/SAF1ETY NIA (Cell suspensions will be tram the same lot of mice 
(VSD ''item") as the recipient mice.) 

VIit ENCLOSURES 
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X. ASSURANCES 

.Protocol Title: Endothelial Cell Regulation of Hematopoiesis after Radiation Injury 
in fthe Laboratory Mouse (Mus musculus) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities an:d provide 
assuraMes for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the aclivities and 
in the manner described hereiri, unless a modification is specifically approved by the IACUC ~rior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an l!lnnecessary 
duplication of previous experiments. 

C. Statistieal Assutanee: I assur~ that I have consulted with a qualified individual who evaluiated 
tne experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity wm be used. 

D. Biotumm:I /Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radia1ion prolec!ion, biosafety, recombinant Issues, aind so 
f,orth, in the preparation of this protocol. 

E. Training: I verify that the pe,sonnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure 'that no unnecessary pain or distress will be caused to the animals as a result of· the procedures I 
manipulations. 

F. Responsibility: l acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, ana I assure tnat all individuals assoeiated 
with this project will demonstrate a concern for the health, comfort, welfare. and well,befng of the 
research animals. Additionally, I pledge to conduct this study in the spiri t of the fourth "R", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Sc·ientmc Re\liew: This proposed animal use protocol has received appropriate peer scientific 
review and Is c;;onsistent with good scientific;; research praolice. 

H. Painful Procedure(s): I IAMI I AM NOT conducting biornedicai expefiments, which may 
potentially cause more i han momentary or slight pain or distress to animals. If appltcable, potential pain 
and/or distress WILL I IWILL NOTJ be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however. I have determined that 
ai!ematlive procedures are not available to accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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APPENDIX 1. 

ACRONYMS 
AAS = acute radiation syndrome 
HSPC = hematopoietic stem and progenitor cells 
BM "" bone marrow 
EC = endothelial cells 
G-CSF = granulocyte colony stimulating factor 
CAM = cell adhesion molecule 
SCF = stem cell factor 
TGF-b =transforming growth factor 
IL= interleukin 
SDF-1 = stromal derived factor 
FGF = fibroblast growth factor 
Ang = Angiopoietin 
PDGF =platelet derived growth factor 
VCAM =vascular cell adhesion molecule 
EPC =endothelial progenitor cells 
HBSS =Hanks balanced salt solution 
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V. DEPARTMENT HEAD: This animal use proposal received app(opriate peer scientific review 
and Is consistent with good scientific: research practice. 

p>{6> I PhD, Lt Col, USAF Date 
Head, Scientifle Research Department AFRRI 
TeJephonel(b)t6) I Fald lb)(B) 11s1(e) I ,__ ___ __. 

VI. STATISf1ICAL REVIEW: A persoh knowledgeable in biostatistics reviewed this proposal arid 
ensures !hat the numb:er of animals used is appropriate to obtain sufficient data and/or is non excessive, 
and the statistical design is appropriate for the intent of the study 

_11m_<6l~~------~IPhD 
Statistician,.,,...,,...... __ ...... ~~----. 
rerephone116><61 I Faxlr61 

Date 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations. the 
Atlendlng Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more tihan slight 01r momentary pain or distress, even if relieved by anesthetics or analgesics .. 

Date 

VIII. SAF1ETV OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of com{Jfeted AFRRI Fotm 310. EHS Research Ptotocol Hazard Analysis) 

Date 
~~~bbii<~Sa.~et~ Department, USUHS 

.,;..o:;,;o;t:::.:.:::.:.:~----..,Fax:lfbl(6) I 

IX. IACUC AIPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Commitiee on ____ _ 

(Date} 

Ph.D. 
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PROTOCOL TITLE: Radioprotective efficacy of a novel formulation of GT3-Lipid 
nanoparticle in a mouse (Mus muscufus) model 

PRINCIPAL INV~STIGATOR: (bJ<5> Ptl. D 
CO·-iNVESTIGATOR(S): < J(5> Ph. D 

AFRR1l SCIENnFIC RESEARCH PROTOCOL NUMBER!._<b_)<5_> __ _. 

I. NON .. TECHNICAL SYNOPSIS Gamma-tocotrienol (GT3), one of the eight vitamin 
E isoforms that is not a pharmaceutical grade drug and is known for its robust 
antioxidant capabilities with little to no known toxicity (Berbee et al., 2009). We have 
shown previously that (1} GTJ is a radiation prophylactic drug with a dose redUJction 
factor (DRF) <Of 1.28-1 .32, (2) GT3 ameliorates radiation-induced pancytopenia 
(r·eduction in all types of !blood cells) in peripheral blood and protects bone marrow cells 
suggesting the sustenance of innate and adaptive immunity, and (3) GT3 protects crypt 
cells from injury and accelerates post-radiation regeneration oi the gas·ttro,intestinal {GI } 
mucosa when GT3 was administered via SC route. These results indicate that GT3 
prevents lethality due to radiation:induced infection, hemorrhage and opportunistic 
infection by translocation of intestinal bacterial flora into systemic circulation, and 
provides medical options against acute radiation syndrome (ARS). Technological 
advantages of li1Pid based nanoparticle formulations include biodegradlability, no· m !little 
toxici~y. !high stability at ambie,oLtem eraturn and si nificantL hi b_ceUuJar:..u take 
tonowin administration. 

Additionally, we will assess the efficacy of the nano-GT3 formulation via two diffe-rent 
administration routes {SC and Oral) to determine if it is effective, regardless of 
administration route. A mouse model was selected because we are going to compare 
the efficacy of the nano-GT3 formulation compared to the parent compound (IACUC 
Protoco1l(bl(5> I in the same strain of CD2F1 mice after whole body gamma 
radiation. 

II. BACKGROUND 

11.1. Backgr.ound Overview of the subjecti issue, and/or problem. 

The issue and/or the problem that we will address in this proposal is the urgent 
need to protect first responders deployed in a radiation field for rescue and reccwery 
mili~ary operations resulting from accidental ot intentional nuclear/radiological 
detonations. Currently there is no FDA approved drug to protect first responders 
deployed in a radiation field for military operations. This is a serious gap in medical 
capabilities that needs to be addressed. Drugs under various stages cf development in 
small and large animals are only effective in large doses or are toxic at etfect1ve doses. 
Therefore, there is an immediate need for non-toxic radioprotectants (prophylactic 
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agents that can prevent radiation induced tissue injuries) useful for military personnel 
and civilians who may be exposed to a nuclear/radiological scenario. The present 
proposal directly addresses this need by moving forward with the development of a 
promising drug delivery approach to increase radioprotective efficacy of subcutaneous 
(SC) or oral (PO) delivery of the gamma-tocotrienol (GT3). 

In an effort to identify suitable radioprotectants. a number of compounds of diverse 
chemical structures were considered. These compounds ir'lch de thiols Davidson et 
al., 1980). cytokines (Waddick et al., 1991 ), steroids L.b-)(

4
_> ~~--~~ ........ ~~........, 

rosta land in analogs (Hanson et al. , .llt~- a.aa~l.lmlllllil:'..::.. ________ ...J 
(b and nutraceuticals l >< 

.__ ___________________ ___, 

l The search for radioprotectants has been dominate by the study of sulphydryl 
compounds such as Amifostine (Davidson et al., 1980}. Amifostine has been approved 
for clinical use in conjunction with cisplatin for patients undergoing radiotherapy for 
head and neck cancer (Capizzi and Oster, 1995), Despite its effectiveness. Amifostine 
has not been accepted and approved as a suitable radioprotectant for military 
personnel. Moreover, it may not be useful for fir! rgsponders in respon~e to nuclear 
threat due to its performance- degrading toxicityt~)(4J Jand resultant 
hypocalcaemia (Glover et a/., 1983). 

Available Information tor GT3 
We reported that subcutaneously (SC) administered microsuspension formulation of 
gamma-tocotrienol (GT3) in 5% Tween=80, can prevent pancytopenia and reduce 
lethality in the short-term period following 1he adminstratlon of a lethal radiation dose 
in mice fol<4).<6k6) I oral GT3 was 
minimally effective (preliminary study by us). GT3 and other potential drugs for 
radiation countermeasures being developed are used subcutaneously. This proposal 
directly addresses the need to develop an oral formulation of GT3 that is equally 
effective. We propose to accomplish this by using recently developed advanced 
concepts of nanotechnology for drug delivery to enhance the bioavailability of GT3 by 
oral administration, which is the preferred route of drug administration for emergency 
personnel involved in rescue operations. We also propose to increase radioprotective 
efficacy of GT3 by SC administration using this advanced formulation in nanoparticles. 

Lipid Nanoparticles: For the GT3 radioprotectant, a series of formulations will be 
prepared by incor oratin va . in amounts of the dru and Ii id modifier b. our 
collaborators 
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Nanoemulsion:(c0><
4
> 

(b)(4) 

11.2. Literature Search for Cuplication 

11.2.1. literature sources searched: 
1) PubMed, 2} RePORT(Research Portfolio Online Repcitting Tools)er (Expenditure and 
Results) (formerly CRISP). 3) Biomedical Research Database (BRO) 
11.2.2. Date of Search 
PubMed February 4, 2013 
ReP·ORTer February 5, 2013 
BRO February 5, 2013 

11.2.3. Period 1of Search 
PubMed 1974-2013 
RePORTer 1980-2013 
BRD 1998~2013 

11.2.4. Key Words of Search 
Gamma-tocotrienol, radiation, radioprotection, mice, toxicity, nanoformulation, 
microsuspension formulations, free radicals, oral, subcutaneous 

lt 2.5. Results of Search Table 1 includes a summary of the keywords and keyword 
combinations used for searching the RePORTer, BRD, and PubMed databases. 
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Table i : Summarv of Database Keyword Searches 

keyWorcis 
Re PORT er 

BRO PubM!ed (¢RISPl 
GT3 1 9 252 

GT3 and radiation 1 9 21 
GT3 and radiar:irotection 0 4 3 

GT3 and toxlcitv 1 2 25 
GT3 and toxlcitv and oral 0 0 2 

GT3 and toxicity and subc_utanaou$ i 0 0 
GT3 and mice and radiation 1 7 12 

GT3 and mice and radioorotection 0 4 1 
(ff3 and nanotormulation 0 0 0 

GT3 and free radicals 1 0 20 
GT3 arnd hematoooietic cvtokines 0 0 3 

GT3 ard G-CSF 0 0 4 
Microsusoension formulation 0 0 15 

Microsusoension formulation and radioorotection 0 0 0 

Although there have been several studies performed using GT3 as a radioprotectant, 
the searches indicated that there have been no previous performed utilizing a 
nanoformulation of GT3 as a radioprotectant. Therefore, the proposed study to 
determine the optimal method of drug delivery (SC or PO) and the dose required tor 
effective radioprotection is not a duplication of a previous experiment. Several groups 
have explored GT3 for its antHnflammatory properties, however only our colleagUJeS 
have explored the efficacy of GT3 as a radioprotectant lt6J<

41 I For 
example1 in vitro studies using a murine macrophage cell line (RAW264. 7} determined 
that treatment with GT3 has anti=inflammatory properties by inhibiting1 NF=KB and CtEBP 
acltivation (Wang and Jiang, 2012). Reporter database revealed only one ongoing 
project with GT3 as a radiGiprotectant, but this study was not utilizing the novel 
nanoformulation of GT3 that we have proposed. 

Ill. OBJECTIVE I HYPOTHESIS 
ro _osal, we hypothesize that.._<_~~~~"""'""---------____., 

m:mF"' ....... ......,administered via SC or PO will -rovid < 

lt>>< 1 ur 
speci ic aim or this pilot project is to assess the radioprotective e ficacy of nano-GT3 
administered via oral and SC routes. 

IV. MILITARY RELEVANCE 
Military operations are seriously impaired by radiation exposures depending on the 
dose and dose rate. Currently, there is no FDA app roved preventive measure avarnable 
for military men and women to protect them from the hazards of radiation exposure .. 
The prob~em is more acute in recent times due to the unpredictable nature of terrorist 
attacks .. Recognizing this urgent need, the United States Department of Defense has 
assigned top priority in "Defense Technology Objectives (DTor· to the "development of 
medical countermeasures to radiation exposure" against both early effects and late 
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arising health effects. These concerns address the urgent need to develop an 
appropriate radiation protective agent (prophylactic or therapeutic) lo sustain immediate 
warfighter capabilit ies and to enable the commanders to make judicious decisions in 
troop deployment. Currently, there are several drugs at various stages of development. 
This study will focus on revealing the mechanism of action of a prophylactic radiation 
countermeasure, gamma tocotrienol (GT3) using a promising new lipid based 
nanoparticle formu lation to increase the radioprotective efficacy of GT3 following SC or 
PO administration. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 
We propose to do the following experiments to assess the improved radioprotective 

efficacy 10f nano-GT3 given both orally and subcutaneously over microsuspension 
formulations of GT3. 

Animals. 
Male C02F1 mice will be used throughout this study. Mice between the ages of 8 and 
10 weeks, weighing approximately 22 to 25 g, will be purchased from Harlan 
Laboratories, IN , held in quarantine for a minimum of 10 days, tested for Pseudomonas, 
and maintained in an AAALACi (Association for Assessment and Accreditation of 
Laboratory Animal Care)-lnternational accredited facility at the Armed Forces 
Radiobiology Research Institute (AFRRI) before use in the experiment. Animals will be 
kept in polycarbonate micro-isolator cages (eight per cage) on sani-chip contact 
bedding with free access to food and acidified water in an environmentally controlled 
room . 

Irradiation. 

All irradiations of mice will be carried out in well-ventilated plexiglass boxes that are 
compartmentalized t'o accommodate eight Un-anaesthetized mice per box. Radiation 
administration willl occur via bilateral irradiation in the cobalt-60 facility of AFRRI at a 
dose rate of 0.6 Gy/minute. All mice with drug administered SC will be irradiated at 
doses of 11 , 11 .5 and 12 Gy while mice with drug administered PO will be irradiated at 
doses of 9 and 9.5 Gy. 

Administration of drug or vehicle : 

The microsuspension formulation of GT3 or vehicle (5% Tween-80) will be supplied 
b~(&}l4> IWe are using the same formulation for three other protocols at 
AFRRI. 100 mg/kg GT3 (optimum dose) or vehicle will be injected subcutaneously (SC) 
24 h prior to radiation (0.1 ml per mouse) at the nape of the neck with a 23-25 G needle. ™r nanoi~rmulation of GT3 will be supplied byl<bl<4

) I 
1(1))<4 Two drug doses of the nanoformulation of GT3 (dose1 and dose 2). with 
dose 1 being 1 /4 of the maximum tolerated dose (as determined by ODDS method, 
please see experimental design V.1.1 ) and dose 2 being 2 t imes of dose 1, will be usedl 
for the initial screening. Thirty day survival will be determined in drug treated and control 
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mice after exposure to radiation (Cobalt-60 gamma at 0.6 Gy/min). Drug-treated mice 
will be compared to a vehicle-treated control group. V.1.1 . 

V.1.1. Experiment 1. Determination of the maximum tolerated dose of nano-OT3 (SC 
and PO). We will use the general guidel ines adopted in our screening protocols(# 

j(l>MI l We will adopt the modified toxicity protocol Optimal 
(non-toxic) Drug Dose for screening (ODDs) which has been used rn evaluating several 
drugs in other IACUC protocols at AFRRI. The purpose of using the ODDs method is 
that it allows testing in one gender (males in the present protocol) and requires fewer 
animals when compared to the FDA protocol. Drugs will be administered by two routes, 
subcutaneously (SC) and orally (PO). 

We will start with 300 mg/kg as starting dose (a single administration) which is 
the maximum tolerated dose (MTD) for GT3 parent microsuspension formulabon for SC 
administration as we have determined from our previous study. A maximum of six 
animals per drug dose (maximum 5 doses per drug) will be used to evaluate toxicity. 
Animals will be monitored daily for acute (1 to 4 h) and chronic (up to 14 days) signs of 
toxicity. Signs of acute toxicity include: decreased activity, squinting eyes, hunching, 
labored breathing or injection site swelling. If animals display any signs/symptoms of 
being adversely effected by the drug (i.e. toxicity symptoms previously described) they will 
be euthanized C02 overdose from a compressed gas cylinder followed by cervical 
dislocation in accordance with the current American Veterinary Medical Association 
(AVMA) Guidelines for Euthanasia. Death will be confirmed by cessation of heart 
function. All observations will be done by a trained technician including Pl and 
Investigators. Animals will be observed t\vice daily for 14 days for morbidity (chronic sign 
of toxicity such as weight loss (> 10%), decreased activity, hunched posture. labored 
breathing or any other abnormal clinical signs of toxicity). Moribund mice will be 
euthanized and necropsy will be performed (see section V.4.5), and all surviving mice will 
be transferred to another protocol. If a drug dose shows no initial toxicity in mice with a 
test dose of the drug, then the dose will be escalated approximately 3-fold and 
evaluat,ed. If there is still no toxicity, we will continue the 3-fold increase until either 
maximum tolerated dose is reached or issues with solubility of drug become apparent. 
Conversely, if toxicity is found, the dose will be stepped down approximately 3-fold until 
no adverse effect is found. 

For PO formulation, we will start with 600 mg/kg dose (a single gavage, 0.2 ml 
dose) as an estimated safe dose (300 mg/kg was found to be the MTD for SC 
administration for the parent GT3 formulation.fbl{6) I Again, a maximum of 
six animals per drug dose (maximum 5 doses per drug) will be used to evaluate loxicity. 
Animals will be monitored daily for acute (1 to 4 h) and chronic (up to 14 days) signs ol 
toxicity using the same signs/symp1oms mentioned in the previous paragraph for the SC 
administl'.ation. If a drug dose shows no initial toxicity in mice with a test dose of the 
drug, then the dose will be escalated approximately 3-fold and evaluated. If there is still 
no toxicity, we will continue the 3-fold increase until either maximum tolerated dose is 
reached or issues with solubility of drug become apparent. Conversely, if toxicity is 
found, the dose will be stepped down approximately 3-fold until no adverse effect is 
found. The mice will be restrained by hand to insure minimal head movement. The drugi 
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will be administered according to AAALAC guidelines (WRAIR Investigators' Handbook 
- Section 1; Injection routes, sites and needle sizes for common laboratory animals) for 
mice: 20 gauge needle and disposable syringe with a curved shaft that is 1.5 inches in 
length and contains a 2.25 mm ball to minimize trauma to oral and esophageal tissue. 

In conclusion, if a drug dose shows no initial toxicity in mice with a test dose of 
the drug, then the dose will be escalated approximately 3-fold and evaluated. 
Conversely, if toxicity is found, the dose will be stepped down approximately 3-fold until 
no adverse effect is found. This experiment will only be used to determine the MTD that 
does not result in overt toxicity in mice. If we have to use more drug doses to achieve 
MTD, we will use fewer animals to do a pilot study until we achieve a dose with no 
observed adverse effect in animals. 

Mice needed: 
No of groups: 7 (1 vehicle/ blank nanoparticle and 3 drug doses each for 
both SC and PO) No of mice per group: 6 
Total mice for this experiment: 7x6 = 42 

V.1.2. Experiment 2. Compare the survival efficacy of nano·GT3 with the 
microsuspension formulation of GT3 administered SC 24 h prior to radiation. 
CD2F1 mice will be irradiated at doses of 11, 11.5 and 12 Gy and monitored for 30 
days for any observed weight loss, ruffled fur, behavioral changes and any other signs 
of morbidity or moribundity. If animals show signs or symptoms of 
morbidity/moribundity, they will be euthanized either by (1) cervical dislocation under 
is of lurane anesthesia or (2) C02 overdose f ram a compressed gas cylinder followed by 
cervical dislocation in accordance with the current American Veterinary Medical 
Association (AVMA) Guidelines for Euthanasia. At the end of experiments, surviving 
unused animals will be transferred to other protocols. Death will be confirmed by 
cessation of heart function. Two doses of nano-GT3 will be used; one is 114 of MTD as 
determined from expt 1 and one dose higher (i.e. Y2 of MTD). 

Mice needed: 
No of groups: 4 (vehicle/ blank nanoparticle, nano-GT3 dose 1, nano-GT3 dose 2, 
and microsuspension formulation of GT3, 100 mg/kg) 
Radiation doses: 3 ( 11, 11. 5 and 12 Gy) 
No of mice per each exposure: 16 
Number of repeats: 2 
Total mice for this experiment: 3x4x16x2 = 384 

V.1.3. Experiment 3. Compare the survival efficacy of nano·GT3 with the 
microsuspension formulation of GT3 administered PO pre· and post·radiation. 
CD2F1 mice will be irradiated at doses of 9 and 9.5 Gy and monitored for 30 days 
for any observed weight loss, ruffled fur, behavioral changes and any other signs of 
morbidity or moribundity. Two doses of nano-GT3 will be used; one is 1/4 of MTD as 
determined from expt 1 and one dose higher (i.e. V2 of MTD). 
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Mice needed : 
No of groups: 4 (vehicle/ blank nanoparticle, na.no-GT3 dose 1, nano-GT3 dose 2, 
and microsuspension formulation of GT3, 100 mg/kg) 
Radiation doses: 2 (9 and 9.5 Gy) 
fime of administration: 4 (-24, -12, +6, and +12 
h) No of mice per each exposure: 16 
No. of repeats= 2 
Total m ice for this experiment: 4x2.x4x16x2 = 1024 

V.2. D,at.a Analysis 
TolciClty 'Study: We will follow the same guideline as we used in our Intramural 
~~&eenjoa orotfcol to find the optimal drug dose for screening (ODDS) (Protocol# 

I( l In this method, six mice per group will be used per drug dose. Since 
we will be using fewer mice, this procedure will be strictly observational and no 
statisltical significance will be derived from this study . 

For the surv,ival data1 Fisher's exact test will be used to compare survival at 30 days 
and a log-rank test will be used to compare surviva l curves. Analysis of variance 
(ANOVA) will be used to determine if significant differences exists among ditterent 
groups . Fm a given day, if a significant difference among groups will be detected. a pair 
wise comparison will be performed using the Turkey-Kramer method. A significance 
level will be set at 5% for each test. All statistical analyses described in this protocol will 
be approved by a qualified statistician. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 
Our ultimate goal is to find a suitable radioprotectant for human use. We have already 
esltablished that the microsuspension formulation GT3 is a good prophylactic radiation 
countermeasure in male CD2F1 mice, protecting both the hematopoietic and GI 
systems from radiation injury when injected SC. In order to increase the radioprotective 
e1ficacy of GT3 and reduce the dose required, the nano~GT3 drugs must be tested ttn an 
animal model. Additionally, we hope to improve the efficacy of GT3 as an oral 
prophylactic which we hope to demonstrate with our nano-GT3 formulation. Structme 
based drug design employing computer modeling and in vitro screening in cell cultures 
are used by drug manufacturers during the development of candidate drugs. However, 
this method cannot tell us whether a given regimen, prophylactic or therapeutic, is 
effective in promoting survival or not. No in vivo data are currently available that can 
address the questions we are addressing in this protocol. 

V.3.2. Animal Model and Species Justification 

As discussed in the previous section, animals must be used to study the radioprotective 
efficacy of a drug in vivo. We want to use the mouse as the animal model because we 
share 97.5 - 99% ?'our ON~ with mice .• and mouse. models are well chara:terized to 
study the mechanism of action of a rad1oprotectant 1n a whole body systemll..._1_iJ!

4
_> __ ___. 
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l(bl<4
> I Zebrafish and Drosophila are not considered for this 

study because their physiology is largely different from mammalian systems. 
The use of the mouse model is necessary to determine if a prophylactic or therapeutic 
agent can protect against acute radiation effects and prevent lethality. It is not an option 
to use non-animal systems in place of animal models to address the research questions 
in this proposal (please see section V .3.1 for justification). 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species 
Mus musculus 

V.3.3.2. Strain I Stock 
CD2F1 

V.3.3.3. Source I Vendor 
Harlan Labs, Indianapolis, IN or similar approved vendors. 

V.3.3.4. Age 
8-10 wks old 

V.3.3.5. Weight 
22~25 g 

V.3.3.6. Sex 
Male 

Justificatjon of using only male mice: Previous studies have been conducted with 
male mice. so male mice are needed for data comparison. Although, it is important to 
con'firm observations in females, such studies may be carried out at a later time. 

V.3.3.7. Special Considerations 
Commercially procured animals must be adventitious, disease free. and path:ogen
free-includlng Pseudomon~s aeruginosa, and Pasteurella. All mice need to be free of 
the following agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus·3 (Reo 3), 
Mouse Adenovirus (MAD-1, MAD-2), Mouse Cytomegalovirus Vf rus (MCMV), 
Ectromelia, K virus, Lymphocytic Choriomeningitis V irus (LCM), Epidemic Diarrhea of 
Infant Mice (EDIM}. Hantan virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, 
Mouse Minute Virus (MMV}, Mouse Thymic Virus (MTV), Theiler's Mouse 
Encephalomyelitis Virus (TMEV/GOVll), Encephafitozoon cuniculi, CAR bacillus, 
Mycoplasma pulmonis, and Clostridium pififorme. They must also be endoparasite and 
ectoparasite-free. 

V.3.4. Number of Animals Required (by species): 1450 

V.3.5. Refinement, Reduction, Replacement (3 R 's) 

11 of 24 



V.3.5.1. Refinement 
Moribund animals (as discussed in V.4.1) will be euthanized to minimize the magnitude 
and duration of suffering these animals might experience when they are subjected to 
toxic effects of ionizing radiation and/or high doses of the test drug. In such cases 
moribundity (please see V.4.1) will be used as a surrogate for death in animals and will 
be considered to have arrived at an early endpoint. 

V.3.5.2. Reduction 
Previously published and unpublished data have established which radiation doses are 
required for each method of drug delivery to accurately assess radioprotective efficacy. 
Results from the toxicity study will allow us to utilize 2 doses of the drug to minimize the 
number of animals required. Based on our previous experiments on survival study, we 
will use the minimum required number of animals for statistical validity. This will reduce 
the number of animals to be used in this protocol. 

V.3.5.3. Replacement 
NIA 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 
According to the IACUC Operating Policy Letter #10 "Guidelines for establishment of 
early endpoints in experiments with expected mortality", examples of clinical signs of 
morbidity and moribundity are listed below in Appendix A: Clinical Observations with 
Criteria for Euthanasia (Rodent): 
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vm. Appendix A: Clinical Observations with Criteria for 
Euthanasia (Rodent) 

DATE: 

Appearance: 

Respiralory rate: 

Time: Animal ID# 

Nonna I (smooth coat. cleM eyes/nose) 
Hunched and/or fluffed 
Ocular discha rse. anti/or edema 
E:macia1ed. dellydrated (sic.in tent)•• 
So ft stools (fee a I man er around anus) 
Bloody diarrhea 

Score 

0 
I 
J 
5 
5 
9 

Nonnal brea1hing O 
Increased breathing (double normal nitt, rapid. shallow) 6 
Abdominal breathing (guping +I· open mouth breathi"g)• 12 

Genera I Behavior: 
Normal (based on bu•linc o~r.ations) 0 
S1mchi11g of hind limbs wilh abdominal mo1ion (writhe) or yimacc (App.Band C) I 
Decreased mobility 2 
Awxia. wobbly. weai.:•• 6 
Inability to stand• 12 

Provoked Behavior: 
Nonna I (mo~s when cage is disturbed, runs !Tom hand (mice) or invntigalcs (rat)) O 
Subdued; responds to stimulation (movn away briskly) I 
Subdued even to stimulation (moves away slowly) J 
Un~sponsivc lo gentle prodding •• 6 
Does not riglu when pince<! &cnlly on side within~ seconds' 12 

TOTAL 

De fin iclve trilerl.a for morbidity: 
Weight Loss up to 10% baHlinc (ifavailable)'' 
Pale. white mucous mcmbrane3/ skin•• 
Fever >104Fl40C (if available)•• 

•• Reg1rdle1S or ~co", notify 1pproprl1Ce peno• 
im1ncdi11tdy. 

Score: 
<6 Normal 

Dtflnlllve crtterl1 for morlbundll)': 
Weight Loss> 20"/o OR <l~g (adult mouse)• 
Blue mucous membrane&/ skin (cyanosis)• 
Cool to the touch or <86fl30C (if available)• 

• Rq:1nlles:s of~ore, i1nmedlately euthanb:e 
(death IJ lmmllient) 

6 - 9 Morbid: Monitor at least 3 Ii mes per day; nOlify appropriate penonnel immediately 
> 10 Moribund: Notify responsible personnel immedialcly fOr Nlhanasia (if no single criteria is 12•) 
Any single criteria of 12• euthaniu immediately: coruider as 'found dead' 

{Note: Thi~ form doC:ll llOl have to Riied Olll for c~· individual Bl ~•cry oba:rvati<>n. i;o lonJ! ~ lhc criteria arc U!il.'d in inforrriing 
decision~ on incrcastd monilorinJ!andlor cuthana\io. This fonn ma~· be used 10 11111kc a spn:;xlshec! for grcaler case of multiple 

animal nbsc=rvations. as l<>n11 as lb! criteria ilJld 11Umb..YinJ! sys1~111 oro: c~c:tly copied.) 

AugllSI 2012, Jlolpmedies Odo bet 2010 "Cnion 
4 of7 

The moribund condition is defined as a clinically irreversible condition leading inevitably 
to death. Animals involved in experiments that may lead to moribundity or death will be 
monitored daily by personnel experienced in recognizing signs of moribundity 
(Tomasivic, 1988, Montgomery, 1990). Experimental mice that are found morbid 
(affected with disease or illness), but not moribund, will be allowed to continue in the 
experimental protocol, but no supportive care is proposed. The morbid mice will be 
examined at least twice daily, in the early morning and late afternoon, by the research 
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staff (including weekends and holidays) in addition to the regular VSO health checks. 
VSD veterinarians will lbe consulted for all mauers regarding animal welfare. An,mals 
receiving a score ranging from 6~9 on the IACUC Policy Letter #10. Appendix A: Clinical 
Observations with Criteria for Euthanasia (Rodent) will be considered morbid and 
subjected to 3 health checks per day. Any animals receiving a score of > 1 O will be 
considered morbid and immediately euthanized. 

V.4.1 .1 . AIPHIS Form 7023 Information 

V.4.1.1 .1. Number of Animals 

V.4.1.1.1.1. Column C _42_ (#of animals) 

V.4.1.1.1.2. Column D _o_ (#of animals) 

_1408_ (#of animals) V.4.1. t .1.3. Column E 

V4t114P.' c - A . . . . . . am ateaory · ss1gnments 
Exp. # Ex~erimental/Control Groug 
V.1.1 Exoeriment 1 
V.L2 Exoeriment 2 
V.1 .3 Experiment 3 

Totals: 

V.4.1.2. Pain Relief I Prevention 

V.4.1 .2.1. Anesthesia I Analgesia I Tranqu llization 

c D E Totals 
42 42 

384 384 
1024 1024 

42 1408 1450 

Radiation might cause momentary pain in animals. We placed the animals which will be 
irradiated or drug treated in the E category. We will not be using any 
anesthesia/analgesia in this protocol as a measure of pain relief. 

V.4 .. 1.2 .. 2. Pre· and Post·procedural Provisions 
Mice will be housed and monitored in accordance with VSD standard operating 
procedures both before and after irradiation (see Section V . .5."Veterinary Care") 

v .4.1.2.3. Paralytlics 
No paralytic agents wHll be administered 

V.4.1.3. Literature Search for Alternatives to Pairnful or Distressful Procedures, 

V .4.1.3.1. Sources Searched 
Altweb 
AGIRICOLA 
Pub Med 
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V.4.1.3.2. Date of Search 
Altweb - 02/13/2012 
AGRICOLA- 02/13/2013 
PubMed - 02/13/2013 

V.4.1.3.3. Period of Search 
1970-2013 

V.4.1.3.4. Key Words of Search 
Pain, toxicity, analgesia, anesthesia, radiation, radioprotection, mouse, humane, 
alternative, gamma-tocotrienol, nano-GT3, micro-GT3. 

V.4.1.3.5. Results of Search 
We are studying a new formulation of GT3 in this protocol. We will be using lethal 

doses of radiation (9, 9.5, 11, 11.5, and 12 Gy) in this study based on results from our 
previous studies to assess the improved radioprotective efficacy of nano-GT3 given 
both orally and subcutaneously over microsuspension formulations of GT3. Radiation 
sickness is an acute illness caused by high doses of penetrating ionizing radiation to 
most or all of the body in a relatively short time period which can be painful. Literature 
search verifies that developing symptoms due to hematopoletic and gastrointestinal 
damage appears to be painful and distressful to humans and animals. Table 2 includes 
a summary of the keyword combinations used for searching and the results of the 
search. We are using nanoparticles to minimize the dose of drug that we must 
administer to the animals prior to radiation exposure. The literature suggests that 
nanoparticles are now commonly used to treat many forms of cancer. Although they 
are not toxic to the animals' system, the drug preparations in this formulation are highly 
toxic to cancer cells and therefore very effective. A nanoparticle formulation of GT3 was 
highly efficacious in increasing intestinal permeability of GT3 and therefore enhancing 
its oral bioavailability (Abuasal et al., 2012). While the literature indicates that cell 
models have been used to study radiation damage, such models cannot alone predict 
mechanism of radioprotection of a specific drug. Although radiation-induced pain was 
alleviated during some studies (Ciezki and Macklis, 1995, Desai et al., 1997, Sonoo et 
al., 1995), such pain relief was the aim of the studies in question, which focused on 
patients receiving radiotherapy for cancer treatment. We do not have the option of using 
alternatives such as a cell culture model. We do expect to see clinical signs of pain in 
mice since we are using a lethal doses of 9, 9.5, 11, 11.5, and 12 Gy. Therefore, if 
animals show signs of pain or distress (please see section V.4.1 ), all moribund animals 
will be euthanized immediately to minimize potential pain or distress. 
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Table 2: Summary of Database Keyword Searches 

keywords Hits 

AGRICOLA 
AltWeb Pub Med 

( NAL catalog) 

Nanoparticles and toxicity 23 30 5819 
Gammatocotrienol AND toxicity 11 0 25 

Analgesia AND radiation 3 4 507 
Pain AND radiation 93 7 9503 

Pain AND analgesia AND radiation 23 4 335 
Gammatocotrienol AND pain 0 0 0 

Nano-GT3 0 0 0 

Micro-GT3 0 0 0 
Radioprotection AND pain 0 0 5 

Radiation AND humane 0 28 8 

Pain AND analgesia AND mice 0 21 1656 
Radiation AND mouse AND pain 0 6 207 

Radiation AND mouse AND pain AND alternative 0 5 3 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Since the purpose of these studies is to determine the radioprotective efficacy of nano
GT3, we will be unable to use analgesics and anesthetics because they may interfere 
with the innate system (Galley et al., 1998, Galley and Webster, 1997). However, if we 
see any morbidity or moribundity (as described in section V .4.1) frequency of 
examination will increase. All moribund (see section V.4.1) animals will be euthanized 
by overdose of C02 inhalation and cervical dislocation as described in section V.4.6 
rather than allowing them to progress to death. 

V.4.2. Prolonged Restraint 
N/A 

V.4.3. Surgery 
N/A 

V.4.3.1. Pre-surgical Provisions N/A 

V.4.3.2. Procedure(s) NIA 

V.4.3.3. Post-surgical Provisions N/A 

V.4.3.4. Location 
N/A 

V.4.3.5. Surgeon 
N/A 
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V.4.3.6. Multiple Major Survival Operative Procedures N/A 

V.4.3.6.1. Procedures 
NIA 

V.4.3.6.2 Scientific Justification 
NIA 

V.4.4. Animal Manipulations 

V .4.4. 1. Injections 
Microsuspension formulation of GT3 (200 mg/kg) will be injected subcutaneou.sly (SCL 
0.1 ml using a sterile 23~25 G needle and syringe at the nape of the neck l(b)(a) I 

l ) Nanoparticle formulations of GT3 will be Injected (dose to be determined 
following toxicity study) SC (0.1 ml, maximum volume 0.25 ml is approximately eq;ual to 
1% body weight for 25 g mouse} using a sterile 23·25 G needle and syringe at the nape 
of the neck. Oral gavage will be performed using 20 G disposable gavage feeding1 
syringes, with an approximate gavage volume of 0.2 ml (maximum volume 0.3 
ml/mouse). Mice will be restrained with hand restraint for both the SC injection as well 
as the oral gavage. 

V.4.4.1.1. Pharmaceutical Grade Drugs N/A 

v .4.4.1 .2. Non-Pharmaceutical Grade Drugs 
<3T3 is a non-pharmaceutical grade drug. It had been tested enciotoxin free for another 
protocol (Proltocol#l!bJ(BJ I, and was found to have no adverse reactions. GT3 
will be tested for endot·oxin by Charles River Laboratory before u.sing in the animals. We 
will be using the same excipient (5% Tween-80 in saline H 6.8. osmolality 290 mOsm) 
as we used for GT3 in the other · mtocol l 1 as a SC in'ection in a 
vo1lume or 0.1 ml er mouse. (b)(4) 

(b)(4) 

____ _. So, we are not expecting any toxic effects in animals. 

V.4.4.2. Bicisamples 
N/A 

v .4.4.3. Adjuvants 
N/A 

V.4.4.4. Monoclonal Antibody (MAb) Production 
NIA 
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V.4.4.5. Animal Identification 
Different groups of mice for a particular treatment group will be identified in cage cards. 
However, for toxicology experiments, ear punching will be used to identify individual 
animals in a cage. Three animals (in a cage) will be identified as L (as left ear punched), 
A (as right ear punched) and N (as no ear punched). This will help us monitor each 
animal for drug toxicity. The individuals who have the training and are responsible for 
ear punching have been indicated in the table on qualification and animal handling 
experience described in section VI. Animals will be restrained (hand restraint) during 
the ear punching procedure, ears will be cleaned with alcohol swabs prior to performing 
the punch, and the instrument will be cleaned with an alcohol swab in between animals. 
The punch will be placed on the pinna of the ear in a standard location (outermost 
point). After firmly pressing on the punch device and verifying that the procedure left a 
circular hole through the ear, the ear will be gently separated from the punch device to 
avoid additional injury to the ear. 

V.4.4.6. Behavioral Studies 
None 

V.4.4.7. Other Procedures 
None 

V.4.4.8. Tissue Sharing 
At present there are no plans for tissue sharing. 

V.4.4.9. Animal By-Products 
N/A 

V.4.5. Study Endpoint 
For the toxicity study, the endpoint will be a 14-day survival with any surviving 

animals euthanized. For the radioprotective efficacy study, the endpoint will be 30-day 
post-irradiation survival and the surviving mice will be transferred to another protocol. 

If we see any moribund animals beyond access to food and water, we will humanly 
euthanize the animals. It is critical to define criteria for euthanizing mice humanely 
without compromising the study objective and complying with the IACUC 
recommendations stipulated in The IACUC Operating Policy Letter #1 O "Guidelines for 
establishment of early endpoints in experiments with expected mortality" (please see 
V.4.1 ). 

Experimental mice that are found morbid, but not moribund, will be allowed to 
continue in the experimental protocol, but no supportive care is proposed. The morbid 
mice will be examined at least twice daily, in the early morning and late afternoon, by 
the research staff (including weekends and holidays) in addition to the regular VSD 
health checks. VSD veterinarians will be consulted for all matters regarding animal 
welfare. However, an extra arm involving histopathology of animals that survive 14 days 
using the "pluck" method for collection of tissues will be used. For this purpose, animals 
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will be euthanized by C02 inhalation and cervical dislocation prior to harvesting the 
following tissues: (Heart; tongue; lung; esophagus; trachea; kidney; thymus; liver; 
spleen; stomach; colon; cecum; duodenum; jejunum; pancreas; ileum; seminal vesicle; 
testis; epididymus; urinary bladder; haired skin; skeletal muscle; eye; cerebrum; 
cerebellum; bone marrow; tibia; femur) will be collected. Tissues such as those 
described above will also be collected in animals that are euthanized due to a moribund 
condition (as described in section V.4.1 ). Histopathology will include evaluation of all 
major organ systems and the data will be used to characterize tissue-specific 
responses. 

V.4.6. Euthanasia All moribund animals (see section V.4.5) as well as surviving 
animals at the end of the study will be euthanized by overdose of C02 inhalation and 
cervical dislocation as described by VSD SOP, by trained investigators or technicians in 
accordance with current AVMA Guidelines on Euthanasia. Compressed C02 gas in a 
cylinder with a regulator will be used for euthanasia in a euthanasia chamber. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
Animal husbandry procedures will be followed according to the VSD SOPs. 
Mice will be group housed in polycarbonate micro-isolator cages (eight per cage) on 
sanichip contact bedding with free access to food and acidified water in an 
environmentally controlled room. 

V.5.1.1. Study Room 
Mice after quarantine will be housed in designated rooms and used when they are 
ready. For brief periods, mice will be transported (slowly to minimize vibration and/or 
bumpiness) to the cobalt irradiation facility in well ventilated Plexiglas boxes that are 
completely covered by an opaque lab coat to minimize transportation stress. 

V.5.1.2. Special Husbandry Provisions 
None 

V.5.1.3. Exceptions 
None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 
Experimental animals will be observed at least once a day by one of the investigators or 
technicians. As described in section V.4.1, morbid animals will be monitored at least 
twice daily, early morning and late afternoon by the research staff. In addition, VSD 
personnel will also monitor the experimental animals during their routine twice daily 
rounds. The experimental design does not contemplate supportive therapy. 

V.5.2.2. Emergency Veterinary Medical Care 
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Eme~gency veterinary medical care is available 24 hrs and 7 days a week. Veterinary 
staff will be contacted as needed. 

V.5.3. environ.mental Enrichment 

V.5.3.1. Enrichment Strategy 
The enrichment strategy for mice will be according 10 VSD Standard Operating 
Procedure, which involves socially grouped housing and providing nesllets and 
huts/igloos in the cage. 

V,5,.3,2, Enric;hment Restriotions NIA 

VJ. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 
YRS/MOS 

NAME DEGREE TRAINING Dl\TE PROCEDURES EX?ERIENCE 
(b)(6) 1,3.4,5 

1,3,4,5 

1,3b,4 

1, 3b, 4, 5 

ProcedlirG and rnen1pulat1on t6des: 
Code~ = Animal handling and euthanasia 
Code 2= Surgery (aseptic Je.:hnique) pre· and post·operative care 
Cqde 3= Injections f:3a-ip, 3b·sc, 3c·gavage) · can say 3 if trained in ali manfpulalfons or add 3d·iv 
Code 4· IBlood collection under aneslhesia (4a·cardiac, 4b-posterior vena oava) 
Code 5= Tissue c<illection (after euthanasia) • doesn't need tG be specific 
Cede 6 = linplalllatlcm (provide detalls) 

(b)(6) 

Gode 7 = Others • •(providl! protocol specific manipulations or procedures for e.g., 1etro,orbital bleeding, tail vein injection, or diug 
delivery) 

VII. BIOHAZARDS/SAFETV 
An AFRRI Safety and Health Department protocol Hazard Analysis was approved on 
January 2, 1997 for the general research program of the Radiation Casualty 
Management team (now Radiation Countermeasures Program). All personnel listed in 
the present IACUC protocol have been trained either as radioactive users or as general 
radiation users on a regular basis. All investigators and technicians while in tne vivarium 
will use appropriate procedures as described by VSD. This will include wearing of mask 
and •gloves during observation of mice. All investigators and technicians are current in 
safety training and medical surveillance. 

V/11. ENCLOSURES 
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X.ASSURANCES 

Protocol Title: Radioprotective efficacy of a novel formulation of GT3~Lipid 
nanoparticle in a mouse model 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assuralilGeS for the folloWing: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the manner described hereiri, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this pr-otocol is not an unnecessary 
duplication of previous experilTlents. 

C. Statistieal Assutance: I assure that I have oonsulted with a qualified individual who evaluated 
tne experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity wm be used. 

D. Bionazard I Safety: I have taken into consideration and made the proper coordinations regardihg 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
f,orth, In the preparation of this protocol. 

e. Training; I verify that the i:iersonnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of' the procedures J 
lillanipulatio ns. 

F. Responsibility: l acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance ol this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare. and well,being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of the fourth ''R", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and co111ducting humane and lawful research. 

G. Sc'ientmc Re\liew: This proposed animal use protocol has received appropriate peer scientific 
review and Is c;;onsistent with good scientific;; research praolice. 

H. Painful Procedure(s): I AM I AM NOT conducting blomedical e)(periments, which may 
potentially aalJ,se more than momentary or slight pain or d istress to animals, If applicable, poteritlal pain 
and/or distress Will / Will NOT be relieved with the use of anesthetics, analgesics and/or iranquilizers. 
I have considered alternatives to such procedures; however. I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

1(6)(6) 

Principal l11vestigator (Printed Name} Principal Investigator (Signature) 

24 of 24 

4-29-2013 
(Date) 



DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(October 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and ti11e in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators {Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be or use to the IACUC during its review may be attached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional informa1ion being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property {e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
considered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpon other than to evaluate the protocol, without the wrltlen permission of the principal 
investigator or the sponsoring agency. 
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I. NAME OJ=! FACILITY; Armed Forces Radloblology Research Institute 

IL PROTOCOL NUM8ER~ .... (b_)(6_) ____ _, 

Ill. PROTOCOL TITLE: Effect of supportive care on irradiated Gottingen minipigs (Sus scrofa 
domestica) 

IV. e.RINCJeA.L INVESTIGAT_O_Rfb)(6) 

l<bX6) I PhD Date 
Princ!i;:al Jnvestigator,l(b)(6J Jscieniiflc Research Department 
Tel: IMl6) I Fa~._(6_)(_6) ___ _.I E=maid._tb_)(_6) _______ _.J 

v. DEPARTMENT HEAD: This animal use proposal received appropriate pee( scientific review and is 
consis~ent with good scientific research practice. 

Date 
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VI. STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that lhe number of animals used is appropriale to obtain sufficient data and/or Is nor excessive. 
and the statistical design is appropriate for the intent of the study 

~l(b_)W_) __________ _.iPhD Date 
Statistician ______ _ 
Telephoneltb}(6) I Faxl(b)t6) 

l{b)(6) 1 
Vll. AfiENDiNG VETERINARIAN: In accordance wilh Animal Welfare Regulations. the Attending 
Veterinarian was consuited in the planning of procedures and manipulations that may cause more than 
slight or momentary pain or distress, even if rel ieved by anesthetics or analgesics. 

1(6)(6) I DVM, LTC, VC, USA Date 
Head, Veterinary So!ences OeRartrneni, AFRRI 
l'elephone!(b)(6) J Faxj(b)(6) 

j(b)(6) ! .....__ ________ _. 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards, (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 
Wol!i!;..uo....,,..u..ii~safoty Department, USUHS 

~~------"l'Faxl<DJ(6) I 

iX. iACUG APPROVAL: This protocol was reviewed and approved by the Institute Animal Care and 
Use Committee on ------

(Date) 

Ph.D. 
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PROfOCOL. TITLE: Effect of supportive care on irradiated Gottingen minipigs (Sus scrofa domestica) 

PRINCIPAL. INVESTIGATOR:l,_(6_)(6_) ___ _, 

1(6)(6) I 1PhD 
Princi12_al investigator (b)(6) 

Te1l(b){6) I Fax .... ~ __ _, E·mcail 

Da1e 
Scientific Research De rtment 
) ....... ~~~~~~~~-' 

CO·INVESTIGATOR(S)~ Dr,_jcb_>(6_> ____ _, 

AFRRI SCIENTIF11C RESEARCH PROTOCOL NUMBER: ._P_K_6> ________ __. 

I. NO'N· TECIHNICAL S\'NOPSIS 

The Acute RadiatiOl'l Syndrome (ARS) develops over time, depending on the amount of radiation 
abSorbed. The ARS is ciasslcaily divided Into 4 sutH;yndromes. based on tile organ with tt'le most severe 
damage: hematopoietic (H), gastrointestinal (GI), cutaneous (C) and neurovascular (N). Evidence 
suggests that these syndromes have some overlap in time and dose range. Efficacy of clinical 
management should therefore be assessed on multiple o(gans involved in concurrent suo-sequelae. 

The GI syndrome progresses at the same time as the hematopoietic syndrome starts to develop. The Gl
ARS us elq'.>ected to be affected by H-ARS bone marrow aplasia; similarly; changes in the intestinal tract 
may influence ·development of H-ARS. Lethality from the GI develops fast (days), and involves 
desquamation of epithelial mucosa in the intestine, ieading to loss of fluids and electrolytes, decreased 
absorption of nutrients and bacterial translocatiort Lethality from H·ARS happens within months, and lt is 
speculaied to be due mainly to bone marrow aplasia; susceptibility to sepsis and low platelets count~ 
Some delayed GI damage may be expected. Because of the difference in the mechanism of lethality, 
recovery f1rom Gl·ARS does not guarantee survival from H-ARS. Development ot animal models to study 
the natural history of AR$ and lest radiation countermeasures remains one of the main bottlenecks for 
drug development. So far, a very limited number of large animal models are available tor 
countermeasures testing (NHP, dogs and swine}; understanding of the natural history of radiation 
sicknes·s and development of multi-organ fallure is still largely incomplete. 

We are developing a minipig model of ARS. So far we have optimized implantation and patency of a 
vascular access port tor blood sampling, characterized the H·ARS. and tested the efficacy of G·CSF on 
surv1val and bone marrow recovery in the irradiated Gottingen minipig. Signs and symptoms, kinetics of 
blood cell depletion and recovery, multi·organ dysfunction and histological findings resembled closely 
what observed in human victims of radiation accidents and in other laroe aniinal modelsl(b)(l) I 
In the G. minipig, the H-ARS occurs between 1.6 and 2.0 GyJ1011~J 

Supportive ear·e has been shown to profr:iundly alter and extend the survival period of human victims and 
animal models irradiated at hernatopeietic doses (4). Standard of care consist of antibiotics, analgesics, 

' ·cs. fluids/ nutritional support and blood products (5) . Because of the integrity of the GI tract at 
oses .• we expect that administration of antibiotics, analgesics and fluids/ nutritional support will 

g y prove survival at these doses, although blood products may still be necessary. 

The purpose of the current study is to (i) use supportive care to extend the survival to a period of time 
sufficient to study the potential effects of countermE!asures on recovery of cone marrow and the GI 

4 of 28 



system; (ii) characterize the natural history (NHx) of AR$ at those doses: andl (iii) to establish a probit 
cuive to alllow wor tuture countermeasure drug testing. 

The primary data points of the study will be mortality; secondary data points will be standard biomarkers 
of CBC counts, histology of the GI tract {primarily the small bowel) and bone marrow, and blood and 
tissue microbiology for broad cultures of suspected infections at necropsy. 

ii. B.ACKGROUND 
11.1. Military personnel are potentially exposed to radiation during their duty (assembling. disassembling,. 
stockpiling of nuclear weapons, Cleanup of faeilities, disposal -Of radioactive materials, civilian defense, 
eic). So far. only four drugs specifically designated for use in radiation emergency are present in the 
Straqeglc National Stockpile. Limited availability of a sufficient number of wefl-charactarized animal 
models to test radiation countermeasures had been indicated as one of the main bottlenecks for 
advanced drug development. Developing large animal models for testing of countermeasures 10 radiation 
exposure and identification of the patho-physiological mechanisms underlying the development of the 
acute radiation syndrome (ARS) are fundamental to clinical management and one of the primary 
objectives of the Department of Defense. 

Development of the acute radiation syndrome is dose and time d~pendent. A continuum in the 
development of symptoms and pathologies has been proposed over the years. and covers bone rnamiw 
(BM). gastrointestinal (GI), cutaneous and CNS syndrome. Although developing concomitantly. GI- and 
H-ARS have different mechanisms of action and time course. It is expected that mitigation of the rn 
syndrome wiill NOi waive the treatment for the tiematopoietic syndrome ii lefl untreated. Effects of 
standard drug treatment for the H·ARS must therefore be determined on the irradiated GI tract. 

We 1recenlly developed a minipig model for the hematopoietic syndrome, characterized by signs Md 
symptoms, bone marrow aplasia, kinetics or blood cell depleiion and recovery simllar to what observed in 
humans, canines and NHPs~Sequence of signs and symptoms development, dynamics of 
hematological ,cell loss, susceptibility to infection and occurrence of multl-organ dysfunction l!eaoing to 
death, all confirm lhe validiiy of thls model to study the AAS. Implantation of a subcutaneous vascular 

(b)(4) . ?9c;:~ssport .(VAP.·Oaliows for lo~git.udinal sampling ot large amounts of blood ~or CBC/diff cou~ts, 
clinical chemistry parameters and 1n vitro assays that could be correlated to survival. gross and h1sto
pathOlogy and vital signs. 

{b)(4) 

The primary data point of the study wlll be mortality: secondary data-points will be standard blomarkerS: of 
CBC counts, histology of the GI tract (primarily the small bowel} and bone marmw (sternum, L 1 vertebrae 
and femur or humerus. and blood and tis"5ue microbiology. 
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IJ.2. Literature Search for Duplication 
11.2.1. Literature Sources Searched BRD, RePORTER, Pub Med 
11.2.2. Date of Search February 24, 2013 
11.2.3. Period of Search 
BRO: 1998 - 2009 
RePORTER: 1998-2012 
Pubmed: 1998-2012 

11.2.4. Key Words of Search 
Swine OR minipig 
AND Radiation 
AND supportive caro 
AND total body 

11.2.5. Aesults of Search 

BRO database: 
Keyword Swine ....... ............ ......... ..................... 776 results 
Keyword Swine+ radiation: ................................. 4 results 

1) Implantation i echniques and Specific Absorption Rates for Swine (Sus scrota) in Directed Energy 
Health and Safety Studies 
2) Pilot study: Development of Oottingen minipig (Sus scrota domestica) as radiation injury model 
3) NIRVANA: Non-Ionizing Radiation Vision for a New Army 
4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics 

K~yword Swine + supportive care: 129 results (nofe relevant for this study) 
For these projects, animals are used to train medical practitioners in skills (surgical, emergency care , 
catheter implantation, etc) vital for peacetime medicine, battlefield operations, combat casualties, 
trauma/trauma-hemorrhagic patients •. Alternatively, animals are used for training of new veterinary staff 

Keyword Swine+ radiation+ supportive care: .......... .... .. .... 1 results (not relevant for this study) 

1) Extended Electro Magnetic Medfcai Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics 

Keyword Minipig : ................................................. 25 results 
Keyword Minlplg + radiation: .. ............................... 4 results 

1) Pilot study: Development of Gmtingen mihipig (Sus scrota domestlca) as radiation injury model 
2) Determination ur Thermal Injury T hresholds in the Yucatan Minipig Using Radio Frequency Radiation 
3) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 
4) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 

Keyword Minipig ~supportive care 1 results (not relevant for this study) 

1) Exploratory Assessment of Immediate Behavioral Effects Of T ASER-Uke Devices On Swine 

Keyword Minipig +radiation ·t- supportive care ... .. ............................ 0 results 

RePORTER database: 
Keyword swine: ........... . .. ... .............. . ..... .... 838 Results 
Keyword sw ne+radiation: .............. .. .......... . 108 Results 
Keyword sw'ne+ supportive care: 3 results (not relevant to fhis study) 

1} Modulating secondary damage following traumatic brain injury in the child 
2) See. reach, treat tumor·optimized transarterial chemoembolization drug delivery. 
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3) A multidisciplinary NMR center for biomedical research 

Keyword swine+radiation+supportive care: ............... 0 Result 

Keyword Minipig: ....................................... 10 result (6 not relevant to this project) 

1. DEVELOP RADIATION INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA) 
2. DEVELOP RADIATION INJURY MODEL USING THE GOTIINGEN MINIPIG 
3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK -AFRRl/IAA 
4. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK 

Keyword Minipig+radiation: ........................ 4 results 

1. DEVELOP RADIATION INJURY MODEL; GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA) 
2. DEVELOP RADIATION INJURY MODEL USING THE GOTTINGEN MlNIPIG 
3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK -AFRRl/IAA 
4. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK 

Keyword Minipig+ supportive care 0 results 

Keyword Minipig +radiation+ supportive care ................................. o results 

PUBMED database: 
Keyword Swine ........................... ...................... 175608 results 
Keyword Swine+ supportive care ......................... 30 results (not relevant to this study) 

Publications focused on brain death, kidney/liver/lung injury (non radiation-induced), thoracic trauma, 
animal welfare, H 1 N1, sepsis/infections (non radiation-induced), influenza, poisoning from ingested 
agents, septic shock, respirators/surgical masks, ischemia/oxygenation, burn care, hypenatremia, fetal 
surgical protocols. 

Keyword Swine + radiation: .................................... 4257 results 
Keyword swine + radiation +intestine +supportive care 0 

Keyword Minipig: ........................................... 5952 results 

Keyword minipig+ supportive care 2 results (not relevant) 
1) High-sodium crystaltoid solution for treatment of hypernatremia in a Vietnamese pot-bellied pig. 
2) Fetal surgical protocols in Yucatan miniature swine. 

Keyword Minipig+radiation ............................... 229 results 

Keyword minipig+radiation+ supportive care ......... 0 
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Ill. OBJECTIVE I HYPOTHESIS 

Our preliminary data show that doses<!: 2 Gy are 100% lethal and that morbidity was reached :S:14 days 
after exposure to radiation. In the Gl tract, villar blunting and fusion are observed, but no loss of crypts or 
decline in plasma citrulline levels are observed at doses 2.0-3.0 Gy. 

Our hypothesis Is that use of supportive care at doses 2.0- 3.0 Gy will Increase the survival of 
irradiated minipigs and that a 30-day survival probit curve in the presence of supportive care can 
be generated for estimation of lethality and for medical countermeasure (MCM) testing. 

We plan to investigate the effect of additive elements of supportive care on 30-day survival starting with 
doses in the 2.0 - 3.0 Gy range, and to build a probit curve in the presence of an optimized supportive 
care regimen that will encompass the LD0/30 to the LD100/30. 

IV. MILITARY RELEVANCE 
According to the DoD Chemical and Biological Defense Program 2009 Annual Report to Congress (6): 
"Although the overall number of nuclear weapons continues to decline because of Russian and U.S. 
treaty commitments, the United States anticipates an increase in weapon numbers in China, India, and 
Pakistan. Motivated by economic and strategic interests, Russia and China (or political entities in each) 
and North Korea continue to supply technologies and components that are dual use and could support 
weapons of mass destruction and missile programs, especially in the Middle East and South Asia. Iran 
continues to develop its enrichment program in defiance of United Nations (U.N.) Security Council 
resolutions and also continues to build a heavy water reactor in Arak, which will be capable of producing 
plutonium that could be weaponized. While North Korea has halted portions of its nuclear program, it is 
possible that it has stockpiled several nuclear weapons from plutonium produced at Yongbyon. Non
nuclear radiological dispersal devices (ROD) and radiological exposure devices {RED) pose a significant 
potential threat especially in the hands of non-state groups ... Contamination and recovery issues 
associated with operating in a radiological environment remain significant concerns for military operations 
and underscore the need for robust detection, protection, and decontamination systems." 

Currently, there is no safe and non-toxic radiation countermeasure available. Military personnel are 
potentially exposed to radiation in various scenarios. Both early and late health effects of radiation 
exposure are major concerns for the military. Developing countermeasures to radiation exposure is a top 
priority for the US Department of Defense. Effective countermeasures would expand the options available 
to field commanders operating Ionizing Radiation (here defined as 1R) threat environments, and improve 
the morale of personnel at risk of exposure to IR. DoD Defense Technology Objective MD.18 states: 
"Effective mitigation of health consequences (of IRJ will (1) reduce casualty load at medical treatment 
facilities, (2) sustain a more effective operational force after a radiation exposure event, (3) allow 
commanders to conduct operations in radiation field environments without undue risk of decremented 
performance of personnel due to acute tissue injury, and (4) reduce the negative psychological impact on 
personnel tasked to operate in contaminated environments." 

An important barrier to advanced development of radiation countermeasures is the paucity of large, long
lived, non-rodent animal models of radiation injury. The only choices at present are NHPs and canines. 
The advanced evolutionary stage of NHPs, and the expense and danger of working with NHPs, are also 
disadvantages. The addition of miniature swine to available large animal radiation injury models would 
facilitate development of promising countermeasures. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

The purpose of this study is to determine the ability of levels of supportive care to extend the survival of 
minipigs irradiated at doses 2.0-3.0 Gy to 30 days. Primary data-points of the study will be mortality; 
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secondary data-points will be CBC counts, histology of the GI tract and bone marrow, tissues and blood 
microbiology at necropsy. 
Male Gottingen minipigs will be obtained from Marshall BioResources, North Rose, NY, at age of 4 
months, and at a weight appropriate for healthy animals of that age range. Minipigs will be single-housed 
but kept in visual contact with each other, and fed twice a day according to their weight, following 
recommendations from the vendor (Marshall Bioresources), and IAW VSD SOP 2019, Care and 
Maintenance of Minipigs. Minipigs may be group-housed during quarantine. Age and weight will be strictly 
controlled, which will avoid possible complications related to increasing weight and fatty mass. 

Animal care and use procedures will only be pertormed by trained and certified personnel. Secondary 
data-points will be standard hematology measurements in peripheral blood (numbers of neutrophils, 
platelets, erythrocytes, lymphocytes, mean corpuscular hemoglobin, etc.), body temperature, body 
weight, and occurrence of bloody stools. On day 30-33, each surviving minipig will be euthanized, blood 
taken for CBC/differentials, and tissues collected for histopathology and tissue repository. 

An implantable Micro Identification transponder with programmable Temperature Transponder (Bio Med 
Data System) will be implanted subcutaneously to monitor body temperature (see section V.4.3.1. Pre· 
surgical Provisions). A Vascular Access Port (VAP) PMID or MID model (lnstech Solomon, PA}, wilt be 
used to improve ease of blood draws and facilitate administration of supportive care (fluids and blood 
products) (see section V.4.3.2. Procedure{s)}. In all experiments listed below, VAPs will be implanted 7-
14 days after arrival of animals at AFRRI. In case of VAP malfunction, we will access alternative veins 
(see list of potential sites under section V.4.4.2.Biosamples "Collection of blood samples"). 

Health of animals will be monitored twice-daily, CBC/differential will be monitored on the days indicated 
below (except in emergency cases, where blood for CBC counts will be taken by VSD request). These 
experiments will utilize the husbandry, irradiation, and VAP procedures perfected in the studies performed 
under previously approved protocols. Animals wilt be euthanized on day 30-33. Tissues and blood 
samples may be taken at the time of euthanasia and shared with other investigators for biodosimetric and 
mechanistic studies. 

V.1.1. Experiment 1a - Pilot study: preliminary estimate of dose-survival relationship for whole
body gamma-irradiation at GI-light doses (2.0- 3.0 Gy) in the presence of supportive care {n=16 
animals). 

Radiation doses of 2 Gy and higher are 100% lethal in the absence of supportive care. This experiment 
will allow us to obtain data on 30-d survival in the dose range 2.0 - 3.0 Gy in the presence of two levels of 
supportive care. 

We will implant VAPs in male Gottingen minipigs to facilitate blood sampling and administration of 
supportive care. Three weeks after VAP implantation, we will expose minipigs to irradiation (Cobalt-60, 
total body, bilateral, 0.6 Gy/min}. Two cohorts of 8 animals each will be used for Experiment 1; animals 
will be irradiated and administered supportive care, as described in Table 1. Survival will be followed for 
30 days. 

Table 1: Supportive care Radiation levels Total 
studv desiqn no. 

2.0 Gv 2.5 Gv 3.0 Gv animals 
Exp ta. Part Per harmonized 4 4 8 
1 protocol, including VAPs 

with antibiotics, JV fluids. 

Exp 1a. Part As in Part 1, with blood 4 4 8 
2 products added 

Tota\ no. of animals Exp 1 a 16 
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Experiment 1 a Part 2 is contingent upon results from Experiment 1 a Part 1. 
We expect that the use of supportive care will extend the survival of all 2.0 Gy irradiated animals to> 14 
days. If animals irradiated with 2.5 Gy (Experiment 1 a Part 1) do not survive> 14 days, we win break 
down to Exp 1aPart2 into 2 sequential experiments (Exp 1 a Part 2a and Exp 1a Part 2b}. We will first 
irradiated 4 animals at 2.5 Gy and we will administered supportive care PLUS blood products added. If 
these animals survive > 14 days, we will proceed to irradiating at 3.0 Gy (Exp 1 a. Part 2); if the 2.5 Gy 
irradiated animals, receiving supportive care and blood, do not survive more than 14 days, the remaining 
4 animals in the study will be irradiated at a dose lower than 2.5 Gy and will still be given supportive care 
WITH blood (see scheme below). 

E>p l;o Part l 

~ ~ 
All animalssurvlve 2.S Gy ir'3d•ated an1ma11 do NOT $urv1vt 

l l 
Exp la Patt 2 18 animals. E•P la Pan 2a 
4 ~ 2.5 GV + 4 @ 3.0 Gy) f4 animals lfnldfatcd at 

2 .S Gv • blood ~roduct) 
... 

some or a11 animal$ surviv~ All ~ni~t~ di~ 

l 1 
fl<I) h Part 2b E•i:> h P•r1 2b 
(4 animals Irradiated al 3.0 14 3n•mois lrradia!ed "'' <l.S Gv + 

Gy. QIOOCI procivcti lllC)Od P•e><luctl 

The re imen of supportive care is described in Table 2 (see section V.4.4. Animal Manipulations); it 
follows (bl(4l harmonized minipig protocol guidelines. Whole. anti-coagulated (ADC), blood will be 
purchase ram commercial companies, shipped overnight on wet ice, irradiated, and filtered again prior 
to administration (see section V .4.4.9. Animal By-Products). ADC blood will be infused at a rate of 
100 ml/hour, unless otherwise directed by VSD veterinarians. 

TABLE 2 R r eo1men or suooor 1ve care 
Treatment Regimen Admin route StarVend 
Antibiotics Enrofloxacin 5· 7 mgtkg SID PO (or IM or /Vif 3-30d 

<Bavtril) PO not possible) 
Amoxicillin 10 mg/kg BID PO (or IM or /Vif 3-30d 

PO not possible) 
Antipyretic/anti- Carprofen 2.2-4.4 mg/kg BID IV, (or PO or IM if 3-30d 
inflammatory (Rimadyl) PO not possible 
Dietary Moistened/liquid 3-30d 
Supplementation food. Metamucil, 

pumpkin mash 

IV fluids Lactate Ringers 10-30 mUkg slow /Vpush Start day 3, every 1-3 
Solution 110-20 min} davs~ 
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Blood product Whole blood Up to 7-14 ml/kg, Once a week, starting 
su ort t\I"• on da 7-8. 
• Depending on the hydration state of the animal, in consultation with VSD 
··Total volume will de end u on HCT and latelets count. in consultation with VSD 

Multiple blood draws .!IJM be performed. with the following schedule (with day of irradiation or sham 
irradiation as "day O''): blood will be collected -14, -7, -1 day (before irradiation) and on days 0, 1, 2 , 3, 7, 
10, 14, 17, 20, 23, and 30 (after irradiation). Shifts in blood draw days and reduction in the number of 
bleeds may be made as contingencies arise. Time points for single blood draws after day 17 after IR may 
be subject to changes of up to +/-48 hours. Volume of blood taken will not elCceed 1 % of total blood 
volume (65mVkg in case of swine) or 6 ml, whichever is !ess. 

V.1.2. Experiment 2 - Mortality probit curve study. 

Based on results in ElCperlment 1, AFRRI will perform a 30-day survival probit study over several radiation 
levels in the resence of supportive care, as suggested by results from Experiment 1 a and in consultation 
wit' (b)(4) 

The probit curve will be constructed from 7 separate groups of 8 animals each (56 animals), at doses 
(TBI, 0.6 Gy/min) to be determined based on results of experiment 1a, in the AFRRI cobalt facility. The 
primary data-points of the study will be 30-day survival; secondary data-points will be CBC counts, 
histology ot the GI tract (small bowel representative areas} and bone marrow (sites noted above), and 
tissue and blood microbiology at necropsy. The blood draw schedule and supportive care regimen will be 
those established in pilot study 1. 

TOTAL ANIMALS FOR EXPERIMENT 2: 7 doses K 8 animals/dose = 56 

TOTAL ANIMALS FOR EXPERIMENT 1+2: 56+16 = 72 

V.2. Data Analysis 
Survival in Exp 1 a Part 1 with supportive care at 2.0 Gy will be compared against historical controls with 
no supportive care. 
Survival in Part la with supportive care at 2.5 Gy will be compared against supportive care at 2.0 Gy. 
Survival in Part 2 with supportive care and blood products at 2.5 Gy will be compared against supportive 
care only at 2.5 Gy. 
Dose-survival relationship in Part 2 (supportive care and blood products) will be compared across a dose 
range to be determined based on results of Exp1aPart1. We will compare groups using the ANOVA test 
and we will obtain preliminary information on the effect of supportive care and blood products on survival. 
This information will be used to establish the regimen for the generation of the survival curve. 

For the generation of the survival curve, the LD30, 50 and 70 will be estimated using the probit 
method. This method allows for construction of confidence intervals to describe the precision of the 
estimated lethal doses. The width of the confidence interval depends on the number of doses, number of 
animals per dose, and the slope of the dose-response curve, and a narrow interval indicates a more 
reliable estimate. We propose to use seven doses that are equally spaced. and eight animals per 
dose. For a dose-response curve with mortality rates ot 5, 20, 35, 50, 65, BO and 95 percent for the seven 
doses, the expected width of the 95% confidence interval for the LD50 will be 0.57 Gy, and the e><pected 
width of the 95% confidence interval for the LD30 and LD70 will be .72 Gy. We anticipate that most dose· 
response curves will be steeper and therefore will yield even more precise estimates of the L030, 50 and 
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70. Expected confidence interval widths are based on the average of 1,000 simulated data sets using the 
study design and mortality parameters indicated. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non·animal Alternatives Considered. 

The purpose of this project is to determine the effect of supportive care on survival. There is no computer 
model or tissue culture that can mimic the effect of radiation on the whole organism and predict lethality. 
Survival depends on an intricate network of organ cross-talks and cellular microenvironment that cannot 
be recreated in vitro. Consequently, administration of supportive care to cellular components grown in 
vitro will not allow any assessment on survival. 

We do not know alf of the cell types and tissues involved in radiation injury or how radiation injury causes 
lethality. The concept of multi-organ failure has been suggested, but how the injured organs affect each 
other's vital functions is unknown. The present state of the an of tissue culture is still incapable of 
reproducing the in vivo relationships. Computer modeling is similarly limited by lack of full characterization 
of the biological elements and interactions under study. 

These considerations are consistent with the FDA requirement for preclinical research in both small and 
large mammals before granting approval for drug testing in humans. 

V.3.2. Animal Model and Species Justification 
We have been developing the Gottingen minipig as an additional large animal mode! for the study of the 
AAS and advanced development of radiation countermeasures. Large, long-lived, non-rodent animal 
models are required for drug studies submitted to the FDA for licensure applications. The current study 
will help characterize the model in terms of natural history of AAS. The close similarity to humans in 
anatomy and physiology of organs such as the liver, pancreas, kidney and heart has made the pig the 
primary species of interest as organ donors for xenographic procedures. Mini pigs are routinely used for 
toxicity testing. As such, further and rapid characterization at physiological, molecular and genetic level of 
the minipig is likely to occur, thus increasing acceptance of this model and facilitating advanced drug 
development. Our previous studies have employed male Gottingen minipigs to develop a probit curve; 
female minipigs ot a corresponding age (approximately 4 months old) are more sensitive to irradiation, 
based on data from other laboratories. Since we are testing the effect of supportive care on survival and we 
are using our own historical data as one of the terms of comparison, we will continue to use male minipigs 
for this study. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species Sus scrota domestica 

V.3.3.2. Strain f Stock Gottingen 

V.3.3.3. Source I Vendor Marshall BioAesources/Marshall Farms Group Ltd 

V.3.3.4. Age 4-6 months 

V.3.3.5. Weight 7-13 kg 

V.3.3.6. Sex Male 

V.3.3.7. Special Considerations NA 

V.3.4. Number of Animals Required (by species) 

Exp 1 +2: 72 animals 
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V.3.5. Refinement, Reduction, Replacement (3 R's) 

V .3.5.1. Refinement 
The study data-points currently mandated by the FDA for approval of radia!ion countermeasures under 
the Animal Efficacy Rule is mortality. Hence the primary study data-point in our development of Gottingen 
mlnipigs as a model for AAS Is survival. Moribundity will be used as a surrogate for mortality. and 
euthanasia will be used in order to minimize pain and distress, using an eKtensive set of criteria (see 
animal endpoints. paragraph V.4.5 - Lethargy. weight loss, temperature. respiratory distt'ess, food intake. 
bleeding etc). Animal care and use procedures will only be performed by trained personnel.. We have 
considerable eKperience in the care and handling of minipigs. Extensive human interaction every 
weekday wil'I reduce stress in thfl animals. Use of sfings, topical anesthetics, and the VAPs wiill minimize 
disiress duri'ng blood collections and the animals will be gradually acclimated to the slings for these 
procedures, 'I/AP design and ,the biood collection have been refined during multiple itera1ions of previous 
studies to minimize discomfort to the animals. 

V.3.5.2. Reduction Blood samples obtained from mlnlpigs before irradiation will serve as controls, thus 
reducing tlhe number of animals required for this study. Use of historical controls will reduce the number 
of animals needed for this study, 

V.3.5.3. Replacement NONE 

V.4. iectmieal Methods 
V.4.1. Pai1n I Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 

V.4.t.1 .1. Numbe:r of Animals 

V.4.1.1.i.1. 'Column C _(#of animals) 

V.4.t.1.1.2. Column D _72_ (#of animals) 

V.4.1.1.1.3. Column E _o_ (#of animals} 

V41 14 1P iC A I .... , .. . , an ateaorv ss1anments 
EXD. # ExDerimental/Contral GrouD c D E Totals 
1 Pilot study: estimate of dose-survival relationship with 16 16 

.suooortlve care 
2 Mottalitv probit curve studv with suooortive care 56 56 

Totals: 72 72 

V.4. 1 .2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Analgesia I Tranquilization 

SURGERY 
To pr,epare animals for intubation and VAP Implantation, pigs will be sedated with intramuscular 
tiletamine/zolazepam (Telazol®, 6-8 mg/kg IM; 100 mg/ml, Fort Dodge Laboratories. IA) or ketamine (20 
mg/k.g /M)/xylazine (2 mg/kg JM') will be considered as an additional anesthetic option for sedation prior to 
inltubation. Atropine (0.05 mg/kg JM, SC, IV; atropine sulfate, Butler, Columbus, OH) may be given to 
reduce mucosal secretions. Cetacain topical spray will be used to enhance tracheal intubation success 
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rate. Following tracheal intubation, pigs will be maintained under general anesthesia using isoflurane gas 
(Abbott Laboratories, North Chicago, IL) at a maintenance rate of 1 % to 3% and oxygen flow rate of 1 to 2 
I/min. 

IRRADIATION 
Prior to irradiation, animals will be sedated with Telazol® (Telazol, 6-B mg/kg /M; 100 mg/ml, Fort Dodge 
Laboratories, IA). Alternatively, Telazol® (4.4 mg/kg IM), in combination with dexmedtomidine (0.05-0.1 
mg/kg IM) or ketamine (20 mg/kg /M)/xylazine (2 mg/kg /M) can also be used for sedation. Atropine {0.05 
mg/kg SC. IM or IV; atropine sulfate, Butler, Columbus, OH) or glycopyrrolate (0.01 mg.kg) may be given 
to reduce mucosal secretions. At the end of the irradiation procedure, once the animals are back in their 
quarters, dexmedetomidine can be reversed by atipamezole IM (same volume as dexmedotmidine) to 
facilitate recovery. 

V .4.1.2.2. Pre.. and Post-procedural Provisions 

Body weights will be determined at least once prior to treatment, on the first day of treatment, and on 
days of blood collection. Body temperature will be determined daily between B am and 12 noon. The time 
of each temperature collection will be recorded tor each minipig. 

IRRADIATION 

Pre-Irradiation: Animals will be fasted overnight (approximately t 6 - 1 B h) and sedated as described 
above. Once sedated in the VSD animal facility, minipigs will be transported to the AFRRI cobalt facility in 
an approved, covered transport cage. Heart rate and temperature will be measured prior to irradiation. At 
least one vet tech or one veterinarian will be present at the time of irradiation. Immediately before 
irradiation, the vet or vet tech will determine whether or not to administer additional sedative to keep the 
animal asleep during irradiation. 

Irradiation procedure: animals will be strapped in place into slings in polyvinylchloride PVC frames for 
irradiation. Effect of anesthesia will be monitored in real time through video cameras positioned in the 
Cobalt waiting area. Minipigs will be removed from the slings once irradiation is completed. Temperature 
and heart rate will be taken before returning the minipigs to their home cages. 

Post-Irradiation: After irradiation, animals will be transported back to their cages, where they will be 
allowed to recover from sedation under the careful surveillance of VSD and/or research staff who will 
monitor vital signs and provide thermal support (e.g. Bair Hugger blanket) if necessary. Atipamezole /M 
(same volume as dexmedotmidine) may be used to reverse the anesthetic effect of dexmedetomidine. 

BLOOD SAMPLING 

Preparation of the animals: for blood draws, lidocain (5%} will be applied topically to the VAP site to 
minimize discomfort to the animals about 15 minutes before starting the procedure. Animal may be 
sedated at the time of blood sampling and administration of supportive care with Midazolam (0.1-0.5 
mg/kg s.c.or IM), or acepromazine (1.1 mg/kg /M), 1 O minutes prior to venous access 

After blood draw, animals will be returned to their cages and checked to ensure that the needle puncture 
wound is dosed and the blood has clotted. 

V .4.1.2.3. Paralytics N/ A 

V.4.1.3. Lightrature Search for Alternatives to Painful or Distressful Procedures 
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V.4.1.3.1. Sources Searched Agricola, Pubmed 

V .4.1.3.2. Date of Search 04/12/2013 

V.4.1.3.3. Period of Search All available 

V.4.1.3.4. Key Words of Search The aspects of the study relevant to alternatives to painful or distressful 
procedures are the sequelae to exposure to TBI at doses causing ARS. We used the following key words 
in the search for alternatives: 
swine, radiation, ARS, sequelae, pain, distress, alternatives, 

V.4.1.3.5. Results of Search 

AGRICOLA 
Swine AND radiation AND pain: .............................. o results found 

Swine AND radiation AND distress: ......................... 0 results found 

Swine AND radiation AND alternatives ..................... 5 results (not relevant) 
1) Energy for swine facilities II Alternative sources of energy 
Fehr, RI NAL Catalog (AGRICOLA) 
2) Evaluation of a porcine lens and fluorescence assay approach for in vitro ocular toxicological 
investigations 
Oriowo, Om NAL Catalog (AGRICOLA) 
3) Molecular characterization, chromosomal location, alternative splicing and polymorphism of porcine 
GFAT1 gene 
Liu, K. NAL Catalog (AGRICOLA) 
4) Evaluation of alternative techniques to determine pork carcass value 
Akridge, Jt NAL Catalog (AGRICOLA) 
5) Genomic structure, chromosomal localization and expression profile of a porcine long non-coding RNA 
isolated from long SAGE libraries 
Ren, H. NAL Catalog (AGRICOLA) 

Swine AND ARS AND pain: ... .. ....... .. ..... .. ......... 0 results found 

Swine AND ARS AND distress: ......................... 0 results found 

Swine AND ARS AND alternatives ..................... 2 results (not relevant) 

1) Environmental Prevalence and Persistence of Salmonella spp in Outdoor SwineWallows 
Callaway, Tr NAL Catalog (AGRICOLA) 
2) Factors affecting cellular outgrowth from porcine inner cell masses in vitro 
Schilperoort-Haun, Kr NAL Catalog (AGRICOLA) 

Swine AND radiation sequelae AND pain: .................. .. ........... 0 results found 

Swine AND radiation sequelae AND distress: ................... ....... 0 results found 
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Swine AND -radiation sequelae AND alternatives: ...... ............... 0 results found 

Pubmed 
Swine AND radiation AND pain: .............................. 264 results found 

Swine AND radiation AND distress: .... ..... ..... .......... . 115 results found 

Swine AND radiation AND alternatives ........... .......... 0 results (not relevant) 

Swine AND AAS AND pain: ............. ... ... ........... 16 results found (same as those found for 

Swine AND acute radiation syndrome ANO pain ........ 16 results .. l(b_R_4> ___________ __ 

lOJ\4),(0J\OJ 

2) Development of a Fluorogenic 5' Nuclease !=>CR Assay for Detection of the al/Gene oi 
Pathogenic Yersinia. enterocolitica. Alissa D. Jourdan, Scott C. Johnson, Irene V. Wesley 
Appl Environ Microbial. 2000 September; 66(9): 3750-3755. 
3) Experimental swine vesicular disease, pathology and immunoflLJorescence studies. 
RM Chu, D M Moore. JD Conroy. Can J Comp Med. 1979 January; 43(1): 29-38. 
4) Recent aavances in small bowel diseases: Part II. Alan BR Thomson. Angeli Chopra, Michael Tom 
Clandinln. Hugh Freeman. World J Gastroenterol. 2012 July 14; 18(26): 3353=3374. 
5) Inmate Immune Defenses Induced by CpG Do Not Promote Vaccine-lliduoed ProtectlOri againsf IFoot
and"Mouth Disease Virus in Pigs. M. P. Alves, L. Guzylack-Piriou, V. Juillard, J.-C. Audonnet. T. Doel. H. 
Oawsoli, W. i . Golde, H. Gerber, N, Peduto, K. C. McCullough, A. Summerfield . Clln Vaccine lmmunol. 
6) 6ctonucleot1dases In Solid Organ and Allogeneic Hematopoietic Cell Transplantation 
Petya Chernogorova, Robert Zeiser. J Bio med Biotechnol. 2012; 2012 
7) Guidelines on Management of Human Infection with the Novel Virus Influenza A (H1 N1) - A Report 
from the Hospital das Clf nicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar, Denise Schout, 
Filomena Regina Baroosa Gomes Galas, David Everson Uip, Anna Sara Shaffennan Levin, He!io Heh~ 
Caiaffa Filho, Pedro Takanori Sakane. Carlos Alberto Suslik, Jose Manoel de Camargo l eixeira. Eloisa 
Bonfa, Antonio Alci Barone. Milton de Arruda Martins, Marcos Boulos. Jose Otavio Costa Auler. Jr 
8) P·orcine Head Response to Blast. Jay K. Shridharani, Garrett W. Wood, Matthew 8. Panzer, Bruce P. 
Capehart. Michelle K. Nyein, Raul A. Radovitzky, Cameron R. 'Dale' Bass 
Front Neurol. 2012; 3: 70. 
9) Firs~ reported foodborne outbreak associated with microsporidia, Sweden, October 2009 
V. DECRAEINE, M. LEBBAD, S. BOTERO·KLEIVEN, A.·M. GUSTAVSSON, M. LOFDAHL. IEpidemiol 
Infect. 2012 March; 140(3): 519=527. 
10) Lymphocyte subpopulations in the human small Intestine. The findings in normal mucosa and in the 
mucosa of patients with adult coeliac disease. W S Selby. G Janossy, M Bofill, D P Jewell. Clin Exp 
lmrn1.mol. 1983 April; 52(1): 219-228. 
11) IV. Animal experimentation leading to better care of laboratory and pet animals. 
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0 A Soave. Am J Public Health Nations Health. 1967 September; 57(9): 1621-1626. 
12) Arthritis in Cattle. J. L. Shupe. Can VetJ.1961October;2(10): 369-376. 
13) Presidential Address. D'Arcy Power. Proc R Soc Med. 1926 December; 20(2): 85-90. 
14) REPERFUSION INJURY: DOES IT EXIST? Garrett J. Gross, John A. Auchampach 
J Mol Cell Cardiol. Author manuscript; available in PMC 2008 January 1. Published in final edited form 
as: J Mol Cell Cardiol. 2007 January; 42(1): 12-18. 
15) Liver Resection. HPB (Oxford) 2005; 7(S1): 19-31. 
16) Weekly Reports for JANUARY 2, 1914. Public Health Rep. 1914 January 2; 29(1): 1-60. 

Swine AND ARS AND distress: ......................... 13 results found (not relevant forthis study) 
1) Advances in Swine Biomedical Model Genomics. Joan K. Lunney 
Int J Biol Sci. 2007; 3(3): 179-184. 
2) Pacing-Induced Regional Differences in Adenosine Receptors mRNA Expression in a Swine Model of 
Dilated Cardiomyopathy Silvia Del Ry, Manuela Cabiati, Vincenzo Lionetti, Giovanni D. Aquaro, 
Alessandro Martino, Letizia Mattii, Maria-Aurora Morales 
PLoS One. 2012: 7(10): 
3) Experimental Infection of Pigs with the Human 1918 Pandemic Influenza Virus 
Hana M. Weingart!, Randy A. Albrecht, Kelly M. Lager, Shawn Babiuk, Peter Marszal, James Neufeld, 
Carissa Embury-Hyatt, Porntippa Lekcharoensuk, Terrence M. Tumpey, Adolfo Garcia-Sastre, Jurgen A. 
Riehl J Viral. 2009 May: 83(9): 4287-4296. 
4) A defect in dystrophin causes a novel porcine stress syndrome. Dan J Nonneman, Tami Brown
Brandl, Shuna A Jones, Ralph T Wiedmann, Gary A Rohrer 
BMC Genomics. 2012; 13: 233. 
5) Guidelines on Management of Human Infection with the Novel Virus Influenza A (H1N1) - A Report 
from the Hospital das Clinicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar, Denise Schout, 
Filomena Regina Barbosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Helio Hehl 
Caiaffa Filho, Pedro Takanori Sakane, Carlos Alberto Sus!ik, Jose Manoel de Camargo Teixeira, Eloisa 
Bonfa, Antonio Alci Barone, Milton de Arruda Martins, Marcos Boulos, Jose Otavio Costa Auler, Jr. Clinics 
(Sao Paulo) 2009 October; 64(10): 1015--1024 
6) A ReassortmenHncompetent Live Attenuated Influenza Virus Vaccine for Protection against Pandemic 
Virus Strains. Rong Hai, Adolfo Garcia-Sastre, David E. Swayne, Peter Palese 
J Viral. 2011 July; 85(14}: 6832-6843. 
7) Deletions in the Neuraminidase Stalk Region of H2N2 and H9N2 Avian Influenza Virus Subtypes Do 
Not Affect Postinfluenza Secondary Bacterial Pneumonia 
Ashok K. Chockalingam, Danielle Hickman, Lindomar Pena, Jianqiang Ye, Andrea Ferrero, Jose R. 
Echenique, Hongjun Chen, Troy Sutton, Daniel A. Perez J Viral. 2012 April; 86(7): 3564-
8) Safety assessment of probiotics for human use Mary Ellen Sanders, Louis MA Akkermans, Dirk Haller, 
Cathy Hammerman, James Heimbach, Gabriele Hormannsperger, Geert Huys, Dan D Levy, Femke 
Lutgendorff, David Mack, Phoukham Phothirath, Gloria Solano-Aguilar, Elaine Vaughan. Gut 
Microbes. 2010 May-Jun; 1(3):164-185. 
9) Epidemiology of Human Infection with the Novel Virus Influenza A (H1 H1) in the Hospital das Clinicas, 
Sao Paulo, Brazil - June-September 2009. Denise Schout. Ludhmila Abrahao Hajjar, Filomena Regina 
Barbosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Helio Hehl Caiaffa Filho, Pedro 
Takanori Sakane, Carlos Alberto Suslik, Jose Manoel de Camargo Teixeira, Eloisa Bonfa, Antonio Alci 
Barone, Milton de Arruda Marlins, Marcos Boulos, Jose Otavio Costa Auler, Jr. Clinics (Sao Paulo) 2009 
October; 64( 10): 1025-1030. 
10) After the bomb drops: A new look at radiation-induced multiple organ dysfunction syndrome (MODS) 
Jacqueline P. Williams, William H. McBride. Int J Radial Biol. 
2011 August; 87(8): 851-868. 
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11) Safety, lmmunogencity and Etticacy of a Cold-Adapted A/Ann Arbor/6/60 (H2N2) Vaccine in Mice and 
Ferrets. Grace L Chen, Elaine W Lamirande, Hong Jin, George Kemble, Kanta Subbarao. Virology. 201 O 
March 1; 398(1):109-114. 
12) Why is the doctor in the Merry Wives of Windsor called Caius? 
McNair Med Hist 1969 October; 13(4): 311-339. 
13) Weekly Reports for JANUARY 2, 1914 

Swine AND AAS AND alternatives ..................... 11 results (not relevant) 
1) Advances in Swine Biomedical Model Genomics Joan K. Lunney Int J Biol Sci. 2007; 3(3): 179-184. 
2) A Comparison of the Growth Responses Following Intramuscular GHRH Plasmid Administration 
Versus Daily Growth Hormone Injections in Young Pigs. Amir S Khan, Ruxandra Draghia-Akli, Roman J 
Shypailo, Kenneth 1 Ellis, Harry Mersmann, Marta L Fiorotto. Mol Ther. 2010 February; 18(2): 327-333. 
3) Comparison of dkgB-linked intergenic sequence ribotyping to DNA microarray hybridization for 
assigning serotype to Salmonella enterica. Jean Guard, Roxana Sanchez-lngunza, Cesar Morales, Tod 
Stewart, Karen Liljebje!ke, JoAnn Kessel, Kim Ingram, Deana Jones, Charlene Jackson, Paula Fedorka
Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. FEMS Microbial Lett. 2012 December; 337(1): 61-
72. 
4) Society of Nematologists 2011 Meeting: Abstracts: Alphabetically by first author. J Nematol. 2011 Sep
Dec; 43(3-4): 223-297. 
5) Antimicrobial Susceptibility to Azithromycin among Salmonella enterica Isolates from the United States. 
Maria Sjolund-Karlsson, Kevin Joyce, Karen Blickenstaff, Takiyah Ball, Jovita Haro, Felicita M. Medalla, 
Paula Fedorka-Cray, Shaohua Zhao, John A. Crump, Jean M. Whichard. Antimicrob Agents 
Chemother. 2011 September; 55(9): 3985-3989. 
6) ABSTRACTS J Nematol. 2010 September; 42(3): 230-279. 
7) A critical analysis ot disease-associated DNA polymorphisms in the genes of cattle, goat, sheep, and 
pig. Eveline M. lbeagha-Awemu, Patrick Kgwatalala, Aloysius E. lbeagha. Xin Zhao 
Mamm Genome. 2008 April; 19(4): 226-245. Published online 2008 March 19. 
8) Competitive exclusion treatment reduces the mortality and fecal shedding associated with 
enterotoxigenic Escherichia coli infection in nursery-raised neonatal pigs. 
K J Genovese, RC Anderson, AB Harvey, DJ Nisbet. Can J Vet Res. 2000 October; 64(4): 204-207. 
9) SOCIETY OF NEMATOLOGISTS 461h ANNUAL MEETING, SAN DIEGO, CALIFORNIA July 28-
August 1, 2007 J Nematol. 2007 March; 39( 1 ): 67-104. 
10) Hazardous solid waste trom agriculture. R C Loehr Environ Health Perspect. 1978 December; 27: 
261-273. 
11) How sustainable agriculture can address the environmental and human health harms of industrial 
agriculture. Leo Horrigan, Robert S Lawrence, Polly Walker Environ Health Perspect. 2002 May; 110(5): 
445-456. 

Swine AND radiation sequelae AND pain: ............................... 157 results found 

Swine AND radiation sequelae AND pain AND alternatives ........ 20 results (not relevant to this study) 
1) Stereotactic body radiation therapy in the re-irradiation situation - a review. Frederick Mantel, Michael 
Flentje, Matthias Guckenberger. Radiat Oneal. 2013; 8: 7. 
2) Emerging Local Ablation Techniques Michael J. Stone. Bradford J. Wood Semin lntervent Radio!. 2006 
March; 23(1): 85-98. doi: 10.1055/s-2006-939844 
3) Minimally invasive surgery and cancer: controversies part 1 Melanie Goldfarb, Steven Brower, S. D. 
Schwaitzberg Surg Endosc. 2010 February: 24(2): 304-334. 
4 )Dental Implant Systems Yoshiki Oshida, Elif B. Tuna, Oya Aktoren. Koray Gern;ay 
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Int J Mol Sci. 201 O; 11 (4): 1580-1678 
5 }Vaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing methods of the 
vaginal vault M. D. Blikkendaal, A. A.H. Twijnstra, S. C. L. Pacquee, J.P. T. Rhemrev, M. J. G. H. 
Smeets, C. D. de Kroon, F. W. Jansen Gynecol Surg. 2012 November; 9(4): 393-400. 
6 }Percutaneous Ablation in the Kidney Aradhana M. Venkatesan, Bradford J. Wood, Debra A. Gervais 
Radiology. 2011 November; 261 (2}: 375-391. 
7) Electrical stimulation therapies for spinal fusions: current concepts Jean C. Gan, Paul A. Glazer Eur 
Spine J. 2006 September; 15(9}: 1301-1311. 
8) Personalized nanomedicine advancements for stem cell tracking Mirek Janowski, Jeff W.M. Bulte, Piotr 
Walczak Adv Drug Deliv Rev. Adv Drug Deliv Rev. 2012 October; 64(13): 1488-1507. 
9) EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC 
RESECTION FOR COLORECTAL METASTASIS (CRM} Abstracts HPB (Oxford) 2006; 8(S2): 3-256 
1 O} RNA ST ABILITY REGULATES DIFFERENTIAL EXPRESSION OF THE MET AST AS IS PROTEIN, 
OSTEOPONTIN, IN HEPATOCELLULAR CANCER Abstracts HPB (Oxford} 2007; 9(S1): 36-110. 
11} Tissue engineering: state of the art in oral rehabilitation E. L. SCHELLER, P.H. KREBSBACH, D. H. 
KOHN J Oral Rehabil. 2009 May; 36(5): 368-389. 
12} BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN 
PATIENTS WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE 
CHEMOTHERAPY Abstracts HPB (Oxford) 2008; 1O(S1}: 7- 28. 
13) Myiasis Fabio Francesconi, Omar Lupi Clin Microbial Rev. 2012 January; 25(1}: 79-105. 
14) 0 Fever M. Maurin, D. Raoult Clin Microbiol Rev. 1999 October; 12(4): 518-553. 
15) Persistent CT nephrograms following cardiac catheterisation and intervention: initial observations 
Richard W. Katzberg, Wayne L. Monsky, Nicolas D. Prionas, Vishal Sidhar, Jeffrey Southard, Janine 
Carlson, John M. Boone, Tzu-Chun Lin, Chin-Shang Li Insights Imaging. 2012 February; 3(1 ): 49-60. 
16} Wound Healing of Cutaneous Sulfur Mustard Injuries: Strategies for the Development of Improved 
Therapies John S. Graham, Robert P. Chilcott, Paul Rice, Stephen M. Milner, Charles G. Hurst, Beverly I. 
Maliner J Burns Wounds. 2005; 4: 
17) Food systems: perspectives on demographics and affluence, food supply and consumption. 
GT Molitor Environ Health Perspect. 1990 June; 86: 201-223. 
18) Endocarditis Due to Rare and Fastidious Bacteria P. Brouqui, D. Rao ult Clin Microbial Rev. 2001 
January; 14(1}: 177-207. doi: 10.1128/CMR.14.1.177-207.2001 
19} The Mycobacterium avium complex.CB lnderlied, CA Kemper, LE Bermudez 
Clin Microbial Rev. 1993July; 6(3}: 266-310. 
20} HUMAN HEALTH RISK ASSESSMENT FOR ALUMINIUM, ALUMINIUM OXIDE, AND ALUMINIUM 
HYDROXIDE Daniel Krewski, Robert A Yokel, Evert Nieboer, David Borchelt, Joshua Cohen, Jean Harry, 
Sam Kacew, Joan Lindsay, Amal M Mahfouz, Virginie Rondeau 
J Toxicol Environ Health B Crit Rev. Author manuscript; available in PMC 2009 November 25. 

Swine AND radiation sequelae AND distress: .......................... 62 results found 

Swine AND radiation sequelae AND distress AND alternatives ... 8 results (not relevant to this study) 
1) Minimally invasive surgery and cancer: controversies part 1. Melanie Goldfarb, Steven Brower, S. D. 
Schwaitzberg. Surg Endosc. 2010 February; 24(2): 304-334. 
2 }Principles of Bone Marrow Transplantation (BMT): Providing Optimal Veterinary and Husbandry Care 
to Irradiated Mice in BMT Studies Raimon Duran-Struuck, Robert C Dysko 
J Am Assoc Lab Anim Sci. 2009 January: 48(1 }: 11-22. 
3) Myiasis. Fabio Francesconi, Omar Lupi. Clin Microbial Rev. 2012 January; 25(1 }: 79-105 
4} EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC 
RESECTION FOR COLORECT AL METASTASIS (CRM} Abstracts 
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HPB (Oxford) 2006; 8(S2): 3-256. 
5) BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN PATIENTS 
WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE CHEMOTHERAPY Abstracts 
HPB (Oxford) 2008; 10(S1): 7-228. 
6) 0 Fever M. Maurin, D. Raoult Clin Microbial Rev. 1999 October; 12(4): 518-553. 
7) Therapeutic Effects of Xanthine Oxidase Inhibitors: Renaissance Half a Century after the Discovery of 
Allopurinol. PAL PACHER, ALEX NIVOROZHKIN, CSABA SZABO. Pharmacol Rev. 2006 March; 58(1): 
87-114. doi: 10.1124/pr.58.1.6 
8) HUMAN HEALTH RISK ASSESSMENT FOR ALUMINIUM, ALUMINIUM OXIDE, AND ALUMINIUM 
HYDROXIDE Daniel Krewski, Robert A Yokel, Evert Nieboer, David Borchelt, Joshua Cohen, Jean Harry, 
Sam Kacew, Joan Lindsay, Amal M Mahfouz, Virginie Rondeau 
J Toxicol Environ Health B Crit Rev. Author manuscript; available in PMC 2009 November 25. 
Published in final edited form as: J Toxicol Environ Health B Crit Rev. 2007; 10(Suppl 1): 1-269. 

Swine AND radiation sequelae AND alternatives: ..................... 47 results found, not related to this work 
{mainly related to swine flu, medical imaging, mice models, ablation techniques, medical surgeries, bone 
marrow transplantation, cancer treatment 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Depending upon the irradiation dose irradiated animals die due to compromised immune responses and 
opportunistic infections. The percentage of surviving animals is the indicator of the efficacy of a 
countermeasure. We cannot give systemic anesthetic agents to animals after the irradiation procedures, 
since they are known to interact with the immune system (see references in Jacobsen, K. 0., V. Villa, V. 
L Miner, and M. H. Whitnall. 2004. Effects of anesthesia and vehicle injection on circulating blood 
elements in C3H/HeN male mice. Contemp Top Lab Anim Sci 43:8-12.), and would confound the 
correlation of radiation dose with incidence of moribundity, resulting in a waste of animals. However, we 
are providing supportive care in terms of antibiotics, analgesics, antipyretics, fluids/ nutritional support 
and blood products to increase survival. Use of supportive care is expected to mitigate the pain 
associated to the sequelae of irradiation. 

V.4.2. Prolonged Restraint 
Only short periods of restraint in the sling (<30 minutes) will be necessary for blood collections and the 
irradiation procedure. To minimize discomfort, we have designed a new type of sling that uses softer, 
elastic material to support the animal, and utilizes a more efficient restraint design that maintains the 
animal in place while reducing manipulation by technicians and consequently stress to the animals. 
After the quarantine period, animals are acclimated to the sling for 5-10 minutes, 2-3 times before 
initiating blood draws. Acclimation to the sling is very rapid and non-stressful: animals are petted and 
gently spoken to while restrained. It has been our experience that resting on the sling does not agitate the 
animal at all. 
Animals are anesthetized and transported to the Cobalt Facility holding area before being put into stings 
for irradiation (<20 minutes). Animals will be kept under continuous observation while in the sling. Slings 
will be cleaned with a towel after each use, and washed weekly and sanitized. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions 
Animals will be cared for according to section V .5.1 and IAW VSD SOP 2019, Care and Maintenance of 
Minipigs. They will be fasted overnight (approximately 16 - 18 h) prior to VAP implantation surgery. 
For antibiotic, Cefazolin sodium 20 mg/kg IV or ampicillin sodium 10-20 mg/kg /Vwill be given just prior to 
the surgery, or intra-operatively, for prophylaxis. At the time of surgery, a temperature microtransponder 
(Implantable Electronic ID Transponder IPPT-300, Bio Medic Data Systems, Seaford, DE) will be 
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implanted subcutaneously behind the neck, over the shoulder opposite to the site of VAP surgery, to 
facilitate body temperature measurements. 

V.4.3.2. Procedure(s) 

VAP SURGERY 

VAP catheters (So!oPort subcutaneous access port, either PMID or MID model; lnstech Solomon, PA) will 
be surgically implanted in the right external jugular veins under general anesthesia according to the 
principles of aseptic surgery. Animals will be lying on their back; vital signs will be taken at regular 
intervals by vet techs. The catheter tip will be introduced through an 2-3 mm incision in the right jugular 
vein and advanced to the junction of the external jugular vein and vena cava. Prior to insertion of the VAP 
catheter, it will be flushed with locking solution (heparin lock flush solution, 100 IU/ml). Prior to securing 
the VAP catheter within the vein, 1 preplaced 3-0 polydioxanone (PDS) suture (Ethicon, Somerville, NJ) 
will be used to ligate the vessel just cranial to the insertion point of the catheter tip. A second and third 
PDS ligature will be placed around the caudal portion of the vessel containing the VAP catheter and 
retention bead, with 1 ligature on either side of the bead. The port will be secured within the scapular 
incision site to the underlying musculature by use of 3-0 PDS (Ethicon) at a minimum of 2 of the 5 anchor 
holes on the port. Catheter function will be confirmed intraoperatively through aspiration of locking 
solution and withdrawal of a blood sample via the septum. The port reservoir and catheter will be flushed 
again with 6 ml saline and locked with 3 ml of a heparin lock flush solution (100 IU/ml) all subsequent lock 
solutions wilt be heparin (100 IU/ml). 

During closure of the surgical sites, special attention will be given to eliminating dead space around the 
port and around the catheter loop on the neck. The muscle and subcutaneous layers will be closed with 
3-0 PDS II (polydioxanone suture; Ethicon). Skin incisions will be closed with 2-0 PDS II (Ethicon) in a 
continuous intradermal pattern. Tissue glue (VetBond, 3M, St Paul, MN) may be used to help seal 
surgical sites as necessary to help prevent contamination. Cefazolin sodium 20 mg/kg IV or ampicillin 
sodium 10-20 mg/kg IV will be given just prior to the surgery, or intra-operatively, for prophylaxis. 

V.4.3.3. Post-surgical Provisions 

VAP SURGERY 

Postoperative intramuscular buprenorphine (0.01 to 0.02 mg/kg; Buprenex, Reckitt Benckiser, Richmond, 
VA) or Carprofen (2.2 mg/kg) will be provided foranalgesia before fu(I recovery from anesthesia (12). 
Additional post-operative analgesia will be given as Carprofen (2.2 mg/kg PO BID) tor three days starting 
the day after surgery, or as recommended by an AFRRI veterinarian in consultation with the Pl. 
Alternatively, fentanyl transdermal patch at 5mcg/kg/hr or buprenorphine sustained release 0.12 - 0.27 
mg/kg SC for analgesia can be used as determined by the veterinarian. The fentanyl patch, if used, will 
be applied to a shaved portion of skin and secured. It takes approximately 12 hrs for the fentanyl patch to 
take effect. Animals will continue to be monitored until fully recovered from anesthesia; they will be 
returned to their home cage when ambulatory. Supplemental heat may be provided in the home cage 
post-operatively (e.g. Bair Hugger warm air blanket 

After surgery, 25-50 mg/kg trimethoprim-sulfa PO (500 mg PO for 10 kg pig or 5mg/hg fM,, SID, will be 
given for 5 days or more as determined by veterinarian to lessen the risk of post-op infection. 
Alternatively, enrofloxacin 5-1 O mg/kg IV/PO can be given every 24 hrs for 3-5 days or more if needed as 
determined by the veterinarian. Convenia 5-10 mg/kg SC may be used as an antibiotic as determined by 
the veterinarian. The advantage of this antibiotic is that the single injection provides protection against the 
bacterial infection for several days. 
Postsurgical recovery and pain will be monitored twice daily by visual examination of the incisions and 
overall conditions of the animals. Parameters monitored will be food and water intake, activity, alertness, 
vocalization, guarding, and response to human contact 
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V.4.3.4. Location VSD surgical suite 

V.4.3.5. Surgeon 
Surgeons will be AFRRI veterinarians. 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures NA 

V.4.3.6.2 Scientific Justification NA 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 
All injections listed in section V.4.1.2.1 will be administered JM, sc, using sterile needles (23 - 21 gauge) 
and syringes, or lV through the VAP using Huber needles or PO. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

Lidocain {5%), topical 
Telazol® 
Ketam ine/xylazi ne 
Atropine atropine sulfate 
Cefazolin sodium 
Ampicillin sodium 
Heparin lock, IV 
Saline 
lbuprenorphine 
Carprofen 
Fentanyl transdermal patch, topical 
Metamucil 
Enroflaxacin 
Baytril 
Amoxicillin 
Carprofen 
Rimadyl 
Midazolam 
Acepromazine 
Cetacain topical spray 
All the drugs listed above are ordered from veterinary product distributors by VSD and they all are 
pharmaceutical grade drugs. 
Atipamezole (Antisedan, Pfizer) 
Dexmedtomidine (Dexdomitor, Pfizer) 
Convenia (Cefovecin sodium, Pfizer) 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs NA 

V.4.4.2. Biosamples 

Collection of blood samples. This has been done routinely in the previous minipig protocols. Each sample 
will be a maximum of 6 ml in volume or less than 1 % total blood volume (whichever is less) and will be 
collected from the VAP if the device is available and functional. Mean blood volume for pigs is 65-67 
ml/kg. At the time of blood draws, our animals are about 10-14 kg in weight. Up to 1% of total blood will 
be drawn per time point, depending upon the frequency of previous bleeds ((Walter Reed Army Institute 
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of Research. 1997. Investigators' Handbook. Section I: Handling Techniques and Noninvasive 
Procedures). We wilt obtain blood samples using Solomon lnstech VAPs; sedation may be used. 
Collection of samples will be performed with the minipig restrained in a sling; at the same time, we will 
take vitals. The entire procedure takes less than 30 min. Two types of non-coring Huber needles will be 
used to access the port through the skin: straight or a right-angled (the needles wilt be of appropriate 
length to facilitate uncomplicated blood withdrawal from the VAP reservoir). 

Before accessing the VAP site, 5% lidocaine ointment USP will be applied topically t 5 min prior to 
sampling, to minimize animal discomfort Before placement of a non-coring needle, the port injection site 
will be scrubbed with povidone iodine and 70% isopropyl alcohol until all gross debris is removed (3 to 5 
scrubs). To collect a sample, approximately 1 ml fluid will be withdrawn from the catheter and port until 
blood no longer appears to be mixed with saline. This fluid will be discarded. The blood sample will be 
collected into a new syringe and placed in appropriate vials for analysis. Next, 3 ml heparin lock flush 
solution (100 IU/ml) will be infused into the port and catheter as a locking solution. A standard protocol 
will be followed for obtaining a sample from a problematic catheter. First, external pressure will be applied 
to the non-coring needle where it entered the port to ensure the tip of the needle is all the way through the 
septum and into the reservoir. Second, high-pressure turbulent flushing will be attempted with a change in 
the animal's position. A second person will be needed to extend the neck of the animal by raising it or 
flexing it away from the side that contains the VAP. Third, the non-coring needle will be replaced; at times 
the needle may be clotted. Fourth, if the described series of interventions tails to return the VAP to 
functioning, the sample will be collected from accessible peripheral vessels (e.g .. the jugular, saphenous, 
femoral or ear vein). If required during collection from alternate vessels (peripheral vessels, marginal ear 
veins, possibly femoral if animals have recovered from irradiation), the animals may be anesthetized tor 
restraint following the recommendations of an AFAR! veterinarian. All procedures will be entered into the 
experimental record. The next team would repeat the procedures at the next time point in hopes of 
restoring the VAP to use. Three sequential attempts will be made to rescue the VAP before it is 
considered nonfunctional. In the previous pilot protocol, collections from the VAPs have been 99% 
successful. 

Animal may be sedated at the time of blood sampling and administration of supportive care_with 
Midazolam (0.1-0.5 mg/kg s.c.or IM;, or acepromazine ( 1.1 mg/kg IM;, 10 minutes prior to venous access, 
or Telazol if necessary 

Tissue and histological samples: 
Tissue samples, to include organs, blood and hairs, may be taken at the time of euthanasia for slide 
preparation as well as tor frozen tissue repository, and may be shared with other investigators. The 
cadaver of a few animals may be kept intact and used to establish dosimetry for LINAC for future 
experiments requiring the use of the LINAC to irradiate minipigs. 

V.4.4.3. Adjuvants NA 

V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V.4.4.5. Animal Identification 
Tattoos or ear tags and cage cards/tags 

V.4.4.6. Behavioral Studies NA 

V.4.4.7. Other Procedures 

V.4.4.8. Tissue Sharing Blood, tissues, plasma or urine samples may be provided to other investigators 
for assays, as experiments permit 

V.4.4.9. Animal By-Products 
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Anticoagulated whole blood will be obtained from Got1ingen Minipigs from Marshall Bioresources and 
shipped overnight to AFRR1 on wet ice. When available, blood from siblings of animals that have been 
irradiated at AFARI wilt be provided by Marshall Bioresources. Donors will be tested for the pathogens 
listed in the Report shown below. These are the same organisms for which the minipigs that enter AFRRI 
VSD vivarium are being tested. Blood will be irradiated and filtered before transfusion. 

ll<11llh Monitnrini; Rqx111A.:wrding111 n:LAS:\ lk1"Tin1J1)(·ndnlions 

Nu me and uddrcss of the h~er' Munhall Fwm> t:.\-t, Dale11 Jltl A'orth Nt11c, /liY 

D111c of Issue: Scptcmh~r 20 I'~ 

VlltAl. ll'<~'Et' noN~ 
t\uh,:~k)"

0

!'o L>1~·.1~ O>c;~ut.h1r;11:'11L~) 

f"id"'i~i .. :.11 ~\\ ill'l: rt.·\l"T (l'lB~~ .,.h11l.,:J,1) 

P(1u,.·111t.· I .rrU.rnn..; U1~1rrl'H:,l 

1 ·m.Tpl1,ltPm}•t...:..trlli'li!'- \ LfU'.'\ 

I fa~m:1~'.J_llmi11:11i11~ 1:n<cph:•lom\t"h11 .. 
1'11rdn1· ('irn1~·11L1i. II 
P~.ri.:lllL' lnlrliL"n/.t 

li!NI 
WN~ 

P1~H:i1w t\1r\•\•~ 11 L1'!--

l'ut~Uli: l\1,•pcoduL1. t~ lk .. 1> '\~u1lroml 
1'11n.:11w f(opm.lh1r) C-11w11.J\.if1h 

l 1fltLln~: f{1•l,1~Ul1" 

'l'r.insm1s!>iil1k (i.1 .. 1r.l(.·1Hi.:1i1i .. 

HA< :n:KIAI' INn:<. TIOJ\I~ 
J\a.:limfl'i.w.:illus 1)ktUL!llllCUtlHll1i,1c.· 

"l'fl•ljlll .... , ' I 

UorJckJl11 htnlh.'.h1"4.:p!tld 
l~1.1~1i~,p11.1 '~1.·111uli11.1) l1\111.t~~·11k·11111-

Bn11to:.i::lb .1hL1tlu' 

( ;1111p~l\llM-.h.'I :-.,Jp, 

( h,~;irLt.1f1J1t1 rrrrr111,g1-11" I v11t' l 
l·r,..,it"X:~1tl1r1~ rll1h111pi.1lh11n· 
I ·oh.1~·11•1111111 .. L11 .. 

I l;LL·nH1ph1ILL.' p'1r.a..;u1~ 

! .. LWMIOM iHU1l\.'dhll1tl I._ 

i tr11""~llf.J 11.pp 
I ~morl•t. p1pr-1L;ph~;1. 
lio1nh••.1.:.,11i1.11t.1. 1lkrnhtn11•uh.1t•1.1(' 

11r:111sl,1\',1) 

f\1\\.41p[;1:-.nM 11 ~l'~ll'-\llH11H"1l' 
P. muhot.:id,1 ,H,'\m pwiJudn1o1,1 
P. IM~'ll1L11\·1i ... 1 

P ri:11·unu~1r11jlic~1 
nlhc:r r: .... 1 .. ·ur~·ll.ttt' 

~.1hth•11d 1.1 .. ,tp 

~t:iphyk~.:..x..:1..·u~ h~ i<.: u~ 

r~·l'\il~ln!)hllt.: :-i.1r.,.·phx.:11i.:~i 

~lll'l'H1t.'1l~l.'.ll' "'Ill' l;p,· ,! 
Slr't'pi111.·rii.."~u1. sui~ 1)1h~r 

Y~·r .. i1ti.L l.!'UkJill'ollLiot.:.L 

..UM;.~). IN~H ·m1NS 

( 

0

:1mhJ,1 .1lbl'°~H .... 
M11...:n1~purunt :--!Jp. 
I 1irlmpl\rcon };Pl~· 

l'AllASl'l'01.m;1CAl. IN•HTIO!llS 
i\r[hlt1fk.x.I." 

fkllllt11lh:o. 
( ·~>t.:,i<li.1 tl:1m~r~a. l:o-11~·•1::..1;,.t) 

I Liwpl.1 ... m.L ~t•mlii 

S;1mpk S11~. W 

M UL11 ,1pp[j.,:.;1l•i-c 

:">:h•r11tl ~·:-.;.uniricd 

Unit:\"': Murshall Farms, 
Gufc:n Rd - I' I 

Strain: Cii111i11i.tcn M inipig 

trl~ 11 •J.: r \I 

1-1•,·ll' 1.1 'll l:"> 

1i .~o n IO ... , '-!· 

~" ~[' 

l~INt fll!l 

C~· l,.,,U ll, IU 

l<l«I r1.11u 

rt·H~I 01rn 

lf'lt10 1 ~ I [I 
It.Ir.ii tfHI 
11·100 n-w 
WU1U 11\rl 
~\.'IM} ,,,u 
1,1..IMI ll•lU 

lld<ol;I •VH) 

lill1B IVW 
u·i..._1 lllfl 
11/l~H UJW 
.:·u~t llll!J 

1111•,,jl 11.10 

lt,INI 11111 

r!INI IP IU 
111'111 WW 
lltlli4l Wiii 

rll"lf)O 11'111 

lt,Jf10 fl·lll 
L.lllhU WW 

l/llW o Ill 
HINI n.1111 

Hdf,t;I n w 
UtH10 o Ill 

.J,l:H.tl tl•lll 

W1,.t1 HIJll 
jJ, :foll 01(1 
_l·tt-iU tiw 

ll1lhlJ ll·llt 

~I ~l,ill 111111 

II· tn(1 [Ill! 

rl/lhH CL:ll 

l!.'1(10 111:11 

LllJ(10 !I/Ill 

t~ H10 'l.i!ll 
Ur'lfiO r1111 

' " 

24 of 28 

faamination dale: August 2012 

~cdcrivation: 

l'opulHtcd: AYgu~t WOJ 

)!.(I 1111111 

!Ill l·l.IS..\ 
II:.~ N,\ 

"" ~" 
lM SN 
UM Ill 
Pl' IL\ 

PU 11.IM 
I'll 1-11~,, 

ru II'" 
Pl• l-IJM 
Pl1 HI~,\ 

ru Iii\ 
Pl !-LI' .. ,\ 

[,M 1-1 IS/\ 
fl\) l ul11.1rl' 
r11 l'('H 
l'I.' '\~lu1111.111.111 
!'I t Ul1Ull' 
l'l. ( ul111rl· 
Pl < 11to11" 
YI ( ul!Llll' 
l'L Ct1llLlll" 
Pl l'IH 
l'L "4 ·\ 

Pt: 111"11 
l'l1 C 'lllU.1r1.· 

r1 ( 'ullutl 

PL' Culture 

I'll t'ulHlrl' 

I'll lulltJrc 

I'll C'ullurc 
Pll {" ul~Ul4.' 
I'll Cull ml' 
Pl ( \Jlllll(' 

rr· ( 't.1,1ur1; 

l 1 l~ l"ul!ure 

rL C"uliu1c 

11"1.f'lOO'oe:' Mi..:r. ln~p. 
11•-l11'l4J'ltrA. llot:Hitm 
htillllN I lotatunr 
l'U IF/\ 



The VAP be used as the primary access for blood support. If the VAP fails, it will be to the discretion of 
the veterinarians how to best proceed, given the fact that the animals are thrombocytopenic and the 
superficial veins are not easily accessible. If blood products cannot be administered, animal will still be 
maintained in the study and will serve as control for survival in the absence of blood products. 

V.4.5. Study Endpoint The data-point currently mandated by the FDA for approval of radiation 
countermeasures under the Animal Efficacy Rule is moribundity or mortality. Moribundity will be used as a 
surrogate for mortality, and euthanasia will be used in order to minimize pain and distress. Euthanasia will 
be carried out when any one or combination of the following signs of moribundity are observed and in 
consultation with AFRRI veterinarians. 

Absolute 
1. Non responsive, assuming the animal has recovered from anesthesia. 
2. Dyspnea 
3. Loss of 20% of e><pected weight (based on Marshall Bio-resources gro'Nth chart -weight vs age

and day 0 baseline percentile). 

Non-absolute 
1. Hyper/hypothermia 
2. Anorexia (skip 3 consecutive BID meals) 
3. Anemia/pallor, CRT >2 seconds. CRT will be performed behind the ears. 
4. Petechiae/ecchymosis 
5. Vomiting/diarrhea 
6. Lethargy 
7. Seizures or vestibular signs (falling, circling or head tilt) 
8. Uncontrollable hemorrhage 

V.4.6. Euthanasia 
Animals will be euthanized according to current American Veterinary Medical Association (AVMA) 
guidelines. Animals will be anesthetized with Telazol® (6-8 mg/kg IM) or ketamine (20 mg/kg /M)/xylazine 
(2 mg/kg IM). Animals will then be euthanized with and injected IV Euthasol® (sodium pentobarbital, (1 
ml/4.5 kg IV or IC) with Euthasol® (sodium pentobarbital) or another commercial euthanasia solution. 
Death will be confirmed by VSD veterinarian or veterinary technician via auscultation of the heart, with 
cessation of sounds for at least 2 minutes or longer as per current SOP. See item V.4.5 for euthanasia 
criteria before the end of the study 

V.5. Veterinary Care 

V .5.1. Husbandry Considerations 
Minipigs will be housed in stainless steel cages/runs, in tactile, visual and olfactory contact with adjacent 
animals. During quarantine/acclimation period, up to day of surgery, minipigs may be group-housed. 
After surgery, they will be singly housed to prevent damage to the VAPs and to allow individual 
assessment of feed consumption and fecal/urine/blood production. Rooms will be maintained on a 12:12 
h light {0600 to 1800) dark cycle with the temperature set to 27 to 29°C and 30% to 70% relative humidity. 
Commercial diet (Mini-Swine Diet 8753, Harlan Teklad Diets, Madison, WI) will be provided. Water will be 
provided ad libitum. 

V .5.1.1. Study Room 
Minipigs will be located at AFRRI for the duration of the study. They will either be in a VSD surgical suite 
for VAP implantation, in transit to and from the cobalt facility in a covered transport cage, in slings for 
irradiation in the cobalt facility, or in their housing cage or a VSD prep room for blood collections or 
euthanasia. They will be housed in stainless-steel cages in an environmentally controlled and 
continuously monitored animal room as described in Section V.5.1 
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V .5. t.2. Special Husbandry Provisions 
Tap wa~er will be provided ad libitum. Diet will be controlled in accordance with vendor's 
recommendations so as lo prevent excessive weight gain. Metamucil and pumpkin mash will be provided 
starting at day 7 afder irradiation to all animals. Liquid food (Le. ProMod Liquid Protein} and/or moistened 
pellet will be ottered if observed that the sick animal prefers ~ to dry food. No treats in the form of 
marshmallow. peanut btJtter, crackers will be ottered to this animal. since they are on a calorie-restricted 
diet. Instead, fresh fruits, vegetables, and/or yogurt will be offered daily. 

V.5.1.3. Exceptions NA 

V.5.2. Veteriinary M&dical Care 

V.5.2.1. Routine Veterinary Medical Care 
Animals will be acclimated for approximately 1 ·2 weeks prior to VAP implantation. Each animal will be 
observed at least twice daily for evidence of pain or distress. Body weights will be determined at least 
once prior to implantation, on the day of implantallon, and on days of blood colleollon. fhe time of each 
daily temperature collection wiil be recorded for each animal. Animals will be quaHtatively assessed at 
leas~ twice daily (a.m. and p.m.) for general behavioral status and food consumption by VSQ techs and'/or 
research techs. The heart rare will be measured at the time of each blood collectiorL Stools consistency, 
leJt~over food, demeanor and overall animal appearance. If animals look dehydrated. supplemental oral 
fluids (Pedia.lyte. etc.) will ibe provided. Diarrhea has not been observed In minipigs irradiated at doses <8 
Gy. Appropriate standard operating procedures will be followed by staff veterinarians in the event of pain 
or distress. 

V.5.2'"2. E·r11ergenty Veterinary Medlcai Care Emergency veterinary medical care is available 24/7 and 
will be provided based on the restrictions approved in earlier sections of this protocol 

V.5.3. Envirnnmental Enrichment 

V.5.3.1. enrichment Strategy 
Toys and balls will be provided to the minipigs and they will be hbused tn the same room as eonspecifies 
as ,per VSD $0Ps on enrichment of minipigs. Single housing justifications are filed under IAGUC memo 
regarding animals undergoing surgery and irradiation. 

V.5 .. 3,2. Enrichment Restrictions 
Minipigs will :be singl~housed after surgery and after irradiation until completion of the study, to avoid 
mechanical and infectious complications related to implanted VAPs, but they will be in visual. olfactory 
and auditory contact with other minipigs in the same room. 

VI. SJ1UOY PERSONNEL QUALIFICATIONS AND TRAINING 

Trained personnel are certified by VSD. 

YRS/MOS 
DEGRE EX.PERIEN 

NAME E TRAINING DATE PROCEDURES CE 
(b)(tl) 1, 3b, 4, 5, 7 {drug b)(6) 

delivery) 

i through 5 

1, 3b, 4, 5, 7 (drUQ 

26 of 28 



YRS/MOS 
DEGRE EXPERIEN 

NAME E ~ TRAINING DATE PROCEDURES = CE 
(tl)(6) 20i1 delivery) (D)(6) 

Procedure and manipulation codes: 
Code 1 = Animall handling and euthanasia 
Code 2= Surgery (aseptic technique) pre, and post=operative care 
Code 3= Injections (3a-ip, 3b-sc, 3c-gavage) - can say 3 if trained in all manipulatioM or add 3d-iv 
Code 4= Blood collection under anesthesia ( 4a-cardiac. 4b-posterior vena cava) 
Code 5= Tissue collection (after euihanasia) - doesn't need to be specific 
Code 6 = llmplantation (provide details) 
Code 7 = Others - (µ-ovlde protocol specific manipulations or procedures for e.g., retro-orbital bleeding, 
tail vein injection. or drug delivery) 

VII. BIOHAZARDSfSAFETV NA 

VIII. ENCLOSURES 

Biblioataphv 
b)(4/,\0)\0/ 

4. MacV1ittie T J, Farese AM, Jackson WI. Defining the full therapeutic potential of recombinant growth 

factors in the post radiation-accident environment: the effect of supportive care plus administration of 

G-CSF. Health Phys 89:546Y555; 2005. 

5. Waselenko JK, MacVittie T J, Blakely WF, Pesik N. Wiley AL, Dickerson WE, Tsu H, Confer DL, 

Coleman CN, Seed T, Lowry P. Armitage JO, Dalnlak N. Medical management of the acute radiation 

syndrome: recommendations of the Strategic National Stockpile Radiation Working Group. Annals 

Internal Med 140: 1037Y1051 : 2004 

6. Defense, D. o. 2009. Chemical and Biological Defense Program: Annual Report to Congress. 
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X. ASSURANCES 

Protocol Title: Effect of supportive care on irradiated Gottingen mlnlplgs (Sus scrola domestica) 

As the P1rincipal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals au\Mtized for use in this protocol will be used only in the ac~ivitlt;s and 
in the manner described herein. unless a modification is spedfically approved by the IACUC prior to its 
implementation. 

6. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

c. Statistical Assurance; I assure that I have consulted with a qualified individual who evalu1ated 
the experimental design with respect to the statistical analysis , and that the minimum number of animals 
needed for scientilic validity will oo used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, blosafety. recombinant issues. aind so 
forth; in the preparation of this prtltocol. 

E.. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress wil l be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I ackMWledge the inherent moral, ethical arid administrative obligations 
associated with the perlormance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well,being of the 
research animals. Additioflally, I pledge to conduct this study in the spirit of the fourth "R", namely, 
"Responsibllity," which the DOD has embraced tor Implementing animal use aiternatives where feasible 
and conducting humane and lawful research. 

G. Sclentific Review: This proposed animal use protocol has received appropriate peer seient!fic 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s): I AM I AM NOT conductin\;;I biomedical experiments, which may 
potentially ·cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed e)(periment. 

l{b)(6> I 
Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(October 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 
************************************************************************************* 

Information requested in the lo/lowing animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and ti11e in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators {Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be or use to the IACUC during its review may be attached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property (e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
cons;dered proprietary to the investigators and/or the sponsoring agency. All Government and 
non·Govemment personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpon other than to evaluate the protocol, without the wrltfen permission of the principal 
investigator or the sponsoring agency. 
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DEPAAiMENT cw OEFtNSE SPONSOReo ANIMAL RESEARCH PROPOSAL SIGNAiURE 
COOROINAllON SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBER4(b)(Bl I 

SubmissiOh Oate~ 4/19/2013 2nd Resubmission Oate: 
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• For each section and subsection, enter your text into the underlined data tield ( ) only. Do not 
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I. NAME OJ= FACILITY; Armed Forces Radloblology Research institute 

IL PROTOCOL NUMBER; ..... ltb_)(6_) ____ _. 

Ill. PROTOCOL TITLE: Effect of supportive care on irradiated Gottingen minipigs (Sus scrofa 
domestica) 

IV. PRINCle.AL INVES.JIGAT_O~RAtb){tl) 

Date 
cientific Research De rtment 

v. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review and is 
consis~ent with good sc.ientific research practice. 

Date 
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VI. STATISTICAL BEVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that lhe nunUJer of animals used is appropriate to obtain sufficient data and/or is no! excessive. 
and the statisUcal design is appropriate for the intent of the study 

~liITT_@~l,.,...,.,....,._ ___ _,IPhD 
Statistician . ....., ___ ---. 
Telephone!<bJ(6) I Fa"ll j(bT 

Date 

Vil. Afi~NDING VTI~RINARIAN : In accordance wilh Animal Welfare Regulations, the Attending 
Veterinarian was consulted in the pianning of procedures and manipulations that may cause more than 
slight or momentary pain or distress, even if relieved by anesthetics or analgesics. 

1(6)<6) I DVM, LTC, VC, USA Date 
Head, Veterinary Sciences Department AFRRI 
T ~1~12hond(6J(6) I Fax:l<6)(6) I 

f b (6 . 

Vlll. SAFETY . OFFICER: This animal use protocol received appropriate review for safety and 
biohazards, (Attach copy of completed AFRRI Form 310, El=IS Research Protocol Hazard Analysis) 

Date 
"mr.lo:.lil.ll.11..hi...lilil.nu.:. -Safety Demutmeot USUHS 

~r.i:-~-....... -----""*_Fax:j<b)(6) I 

iX. IACUO APPROVAL: This protocol was reviewed and approved by the Institute Animal Care and 
Use Committee on ------

(Date) 

(b)(6) Ph.D. 
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PROTOCOL. ffrL.E; Effect of supportive care on irradiated Gottingen miniplgs (Sus scrofa domestica) 

PRINCIPAL INVESTIGATOR: .... 1(6-)(6_) ___ __, 

1(6)(6) I !PhD Date 

~~~g')~1 ;nyesuoatf ~ =~o) Scientific Research De rtment 
,_ ___ __, 

CO·INVESTIGATOR(S); o~ .... <b_)(6_> ____ _, 

AFRRI SCIENTIF1tC RESEARCH PROTOCOL NUMBER: ... r _)(_B> _________ _, 

I. NON· TECIHNICAL SYNOPSIS 

The Acute RadiatiOl'l Syndrome (ARS) develops over time, depending on the amount of radiation 
absorbed. The ARS is ciasslcaily divided Into 4 sub~syndromes. based on tile organ with me most severe 
damage: hematopoietic (H), gastrointestinal (GI), cutaneous (C) and neurovascular (N). Evidence 
suggests that these syndromes have some overlap in time and dose range. Efficacy of clinical 
management should therefore be assessed on multiple o(gans involved in concurrent suo-sequelae. 

The GI syndrome progresses at the same time as the hematopoietic syndrome starts to develop. The Gl
ARS us elq'.>ected to be affected by H-ARS bone marrow aplasia; similarly; changes in the intestinal tract 
may influence ·development of H-ARS. Lethality from the GI develops fast (days), and involves 
desquamation of epithelial mucosa in the intestine, ieading to loss of fluids and electrolytes, decreased 
absorption of nutrients and bacterial translocatiort Lethality frotn H-ARS happens within months, and lt is 
speculaied to be due mainly to bone marrow aplasia; susceptibility to sepsis and low platelets counL 
Some delayed GI damage may be expected. Because of the difference in the mechanism of lethality, 
recovery f1rom GI-AAS does not guarantee survival from H-ARS. Development ot animal models to study 
the natural history of AR$ and test radiation countermeasures remains one of the main bottlenecks for 
drug development. So far, a very limited number of large animal models are available tor 
countermeasures testing (NHP, dogs and swine}; understanding of the natural history of radiation 
sicknes·s and development of multi-organ fallure is still largely incomplete. 

We are developing a minipig model of ARS. So far we have optimized implantation and patency of a 
vascular access port tor blood sampling, characterized the H·ARS, and tested the efficacy of G-CSF on 
surv1val and bone marrow recovery in the irradiated Gottingen minipig. Signs and symptoms, kinetics of 
blood cell depletion and recovery, multi~organ dysfunction and histological findings resembled closely 
what observed in hurfiah victims of radiation accidents and in other laroe animal modelsl(b)(4) I 
In the G. rninipig, the H-ARS occurs between 1.6 and 2.0 GyJ<0 Jl4> 

(0)(4/ 

supportive cam has been shown to profr:iundly alter and extend the survival period of human victims and 
animal models irradiated at hematoPOietic doses (4). Standard or care consist of antibiotics, analgesics, 
~ntip~retics, fluids/ nutritional support and blood products (5) . Because of the integrity of the GI tract at 

1((4) I doses .• we expect that administration of antibiotics, analgesics and fluids/ nutritional support will 
greatly improve survival at these doses, although blood products may still be necessary. 

The purpose of the current study is to (i) use supportive care to extend the survival to a period of time 
sufficient to study the potential effects of count~rmeasures on recovery of bone marrow and the GI 
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system; (ii) characterize the natural history (NHx) of AR$ al those doses: andl (iii) 10 establish a probit 
cuive to alllow wor tuture countermeasure drug testing. 

The primary data points of the study will be mortality; secondary data points will be standard biomarkers 
of CBC counts, histology of the GI tract {primarily the small bowel) and bone marrow, and blood and 
tissue microbiology for broad cultures of suspected infections at necropsy. 

ii. B.ACKGROUND 
II, 1. Military personnel are potentially exposed to radiation during their duty (assembling. disassembling,. 
stockpiling of nuclear weapons, Cleanup of faeilities, disposal -Of radioactive materials, civilian defense, 
eic). So far. only four drugs specifically designated for use in radiation emergency are present in the 
Straqeglc National Stockpile. Limited availability of a sufficient number of wefl -charactarized animal 
models to test radiation countermeasures had been indicated as one of the main bottlenecks for 
advanced drug development. Developing large animal models for testing of countermeasures 10 radiation 
exposure and identification of the patho-physiological mechanisms underlying the development of the 
acute radiation syndrome (ARS) are fundamental to clinical management and one of the primary 
objectives of the Department of Defense. 

Development of the acute radiation syndrome is dose and time d~pendent. A continuum in the 
development of symptoms and pathologies has been proposed over the years. and covers bone marrow 
(BM). gastrointestinal (GI), cutaneous and CNS syndrome. Although deveioplng concomitantly. GI~ and 
H-AIRS have different mechanisms of action and time course. It is expected that mitigation of the rn 
syndrome wiill NOi waive the treatment for the tiematopoietic syndrome ii lefl untreated. Effects of 
standard drug treatment for the H·ARS must therefore be determined on the irradiated GI tract. 

We 1recently developed a minipig model for the hematopoietic syndrome, characterized by signs and 
symptoms, bone marrow apllas;a. r inetics or blood cell depleilon and recovery simllar to what observedl in 
humans, canines and NHPs <bl 4) Sequence of signs and symptoms development. dynamics of 
hematological cell loss, susceptibility to infection and occurrence of multi-organ dysfunction l1eading to 
death, all confirm ~validiiy of thls model to study the AAS. Implantation of a subcutaneous vascular 

(b)(4l accessport.{.VA:Pt:Jaliows for longitudinal sampling of large amounts of biood for CBC/diff counts, 
clinical chemistry parameters and in vitro assays that could be correlated to survival. gross and histo
pathOlogy and vital signs. 

The primary data point of the study wlll be mortality: secondary data~points will be standard blomarkerS: of 
CBC counts, histology of the GI tract (primarily the small bowel} and bone marrbw (sternum, L 1 vertebrae 
and femur or humerus. and blood and tissue microbiology. 
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11.2. Literature Search for Duplication 
11.2.1. Literature Sources Searched BRO, RePORTER, PubMed 
11.2.2. Date of Search February 24, 2013 
11.2.3. Period of Search 
BRO: 1998 - 2009 
RePORTER: 1998-2012 
Pubmed: 1998-2012 

11.2.4. Key Words of Search 
Swine OR minipig 
AND Radiation 
AND supportive care 
AND total body 

11.2.5. Results of Search 

BRO database: 
Keyword Swine ................................................. 776 results 
Keyword Swine+ radiation: ................................. 4 results 

1) Implantation Techniques and Specific Absorption Rates for Swine (Sus scrota) in Directed Energy 
Health and Safety Studies 
2) Pilot study: Development of Gottingen minipig (Sus scrota domestica) as radiation injury model 
3) NIRVANA: Non-Ionizing Radiation Vision tor a New Army 
4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics 

Keyword Swine + supportive care: 129 results (note relevant tor this study) 
For these projects, animals are used to train medical practitioners in skills (surgical, emergency care, 
catheter implantation, etc) vital tor peacetime medicine, battlefield operations, combat casualties, 
trauma/trauma-hemorrhagic patients,. Alternatively, animals are used for training of new veterinary staff 

Keyword Swine+ radiation+ supportive care: .................... 1 results {not relevant for this study) 

1) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics 

Keyword Minipig: ................................................. 25 results 
Keyword Mini pig + radiation: ................................. 4 results 

1) Pilot study: Development of Gottingen minipig (Sus scrota domestica) as radiation injury model 
2) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 
3) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 
4) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 

Keyword Minipig + supportive care 1 results (not relevant for this study) 

1) Exploratory Assessment of Immediate Behavioral Effects Of TASER·Like Devices On Swine 

Keyword Minipig +radiation+ supportive care ................................. o results 

RePORTER database: 
Keyword swine: ......................................... 838 Results 
Keyword swine+radiation: ........................... 108 Results 
Keyword swine+ supportive care: 3 results (not relevant to this study) 

1) Modulating secondary damage following traumatic brain injury in the child 
2) See, reach, treat tumor-optimized transarterial chemoembolization drug delivery. 
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3) A multidisciplinary NMR center for biomedical research 

Keyword swine+radiation+supportive care: ............... 0 Result 

Keyword Minipig: ....................................... 10 result (6 not relevant to this project) 

1. DEVELOP RADIATION INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA) 
2. DEVELOP RADIATION INJURY MODEL USING THE GOTIINGEN MINIPIG 
3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK -AFRRl/IAA 
4. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK 

Keyword Minipig+radiation: ........................ 4 results 

1. DEVELOP RADIATION INJURY MODEL; GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA) 
2. DEVELOP RADIATION INJURY MODEL USING THE GOTTINGEN MlNIPIG 
3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK -AFRRl/IAA 
4. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK 

Keyword Minipig+ supportive care 0 results 

Keyword Minipig +radiation+ supportive care ................................. o results 

PUBMED database: 
Keyword Swine ........................... ...................... 175608 results 
Keyword Swine+ supportive care ......................... 30 results (not relevant to this study) 

Publications focused on brain death, kidney/liver/lung injury (non radiation-induced), thoracic trauma, 
animal welfare, H 1 N1, sepsis/infections (non radiation-induced), influenza, poisoning from ingested 
agents, septic shock, respirators/surgical masks, ischemia/oxygenation, burn care, hypenatremia, fetal 
surgical protocols. 

Keyword Swine + radiation: .................................... 4257 results 
Keyword swine + radiation +intestine +supportive care 0 

Keyword Minipig: ........................................... 5952 results 

Keyword minipig+ supportive care 2 results (not relevant) 
1) High-sodium crystaltoid solution for treatment of hypernatremia in a Vietnamese pot-bellied pig. 
2) Fetal surgical protocols in Yucatan miniature swine. 

Keyword Minipig+radiation ............................... 229 results 

Keyword minipig+radiation+ supportive care ......... 0 
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Ill. OBJECTIVE I HYPOTHESIS 

Our preliminary data show that doses<!: 2 Gy are 100% lethal and that morbidity was reached :S:14 days 
after exposure to radiation. In the Gl tract, villar blunting and fusion are observed, but no loss of crypts or 
decline in plasma citrulline levels are observed at doses 2.0-3.0 Gy. 

Our hypothesis Is that use of supportive care at doses 2.0- 3.0 Gy will Increase the survival of 
irradiated minipigs and that a 30-day survival probit curve in the presence of supportive care can 
be generated for estimation of lethality and for medical countermeasure (MCM) testing. 

We plan to investigate the effect of additive elements of supportive care on 30-day survival starting with 
doses in the 2.0 - 3.0 Gy range, and to build a probit curve in the presence of an optimized supportive 
care regimen that will encompass the LD0/30 to the LD100/30. 

IV. MILITARY RELEVANCE 
According to the DoD Chemical and Biological Defense Program 2009 Annual Report to Congress (6): 
"Although the overall number of nuclear weapons continues to decline because of Russian and U.S. 
treaty commitments, the United States anticipates an increase in weapon numbers in China, India, and 
Pakistan. Motivated by economic and strategic interests, Russia and China (or political entities in each) 
and North Korea continue to supply technologies and components that are dual use and could support 
weapons of mass destruction and missile programs, especially in the Middle East and South Asia. Iran 
continues to develop its enrichment program in defiance of United Nations (U.N.) Security Council 
resolutions and also continues to build a heavy water reactor in Arak, which will be capable of producing 
plutonium that could be weaponized. While North Korea has halted portions of its nuclear program, it is 
possible that it has stockpiled several nuclear weapons from plutonium produced at Yongbyon. Non
nuclear radiological dispersal devices (ROD) and radiological exposure devices {RED) pose a significant 
potential threat especially in the hands of non-state groups ... Contamination and recovery issues 
associated with operating in a radiological environment remain significant concerns for military operations 
and underscore the need for robust detection, protection, and decontamination systems." 

Currently, there is no safe and non-toxic radiation countermeasure available. Military personnel are 
potentially exposed to radiation in various scenarios. Both early and late health effects of radiation 
exposure are major concerns for the military. Developing countermeasures to radiation exposure is a top 
priority for the US Department of Defense. Effective countermeasures would expand the options available 
to field commanders operating Ionizing Radiation (here defined as 1R) threat environments, and improve 
the morale of personnel at risk of exposure to IR. DoD Defense Technology Objective MD.18 states: 
"Effective mitigation of health consequences (of IRJ will (1) reduce casualty load at medical treatment 
facilities, (2) sustain a more effective operational force after a radiation exposure event, (3) allow 
commanders to conduct operations in radiation field environments without undue risk of decremented 
performance of personnel due to acute tissue injury, and (4) reduce the negative psychological impact on 
personnel tasked to operate in contaminated environments." 

An important barrier to advanced development of radiation countermeasures is the paucity of large, long
lived, non-rodent animal models of radiation injury. The only choices at present are NHPs and canines. 
The advanced evolutionary stage of NHPs, and the expense and danger of working with NHPs, are also 
disadvantages. The addition of miniature swine to available large animal radiation injury models would 
facilitate development of promising countermeasures. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

The purpose of this study is to determine the ability of levels of supportive care to extend the survival of 
minipigs irradiated at doses 2.0-3.0 Gy to 30 days. Primary data-points of the study will be mortality; 
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secondary data-points will be CBC counts, histology of the GI tract and bone marrow, tissues and blood 
microbiology at necropsy. 
Male Gottingen minipigs will be obtained from Marshall BioResources, North Rose, NY, at age of 4 
months, and at a weight appropriate for healthy animals of that age range. Minipigs will be single-housed 
but kept in visual contact with each other, and fed twice a day according to their weight, following 
recommendations from the vendor (Marshall Bioresources), and IAW VSD SOP 2019, Care and 
Maintenance of Minipigs. Minipigs may be group-housed during quarantine. Age and weight will be strictly 
controlled, which will avoid possible complications related to increasing weight and fatty mass. 

Animal care and use procedures will only be pertormed by trained and certified personnel. Secondary 
data-points will be standard hematology measurements in peripheral blood (numbers of neutrophils, 
platelets, erythrocytes, lymphocytes, mean corpuscular hemoglobin, etc.), body temperature, body 
weight, and occurrence of bloody stools. On day 30-33, each surviving minipig will be euthanized, blood 
taken for CBC/differentials, and tissues collected for histopathology and tissue repository. 

An implantable Micro Identification transponder with programmable Temperature Transponder (Bio Med 
Data System) will be implanted subcutaneously to monitor body temperature (see section V.4.3.1. Pre· 
surgical Provisions). A Vascular Access Port (VAP) PMID or MID model (lnstech Solomon, PA}, wilt be 
used to improve ease of blood draws and facilitate administration of supportive care (fluids and blood 
products) (see section V.4.3.2. Procedure{s)}. In all experiments listed below, VAPs will be implanted 7-
14 days after arrival of animals at AFRRI. In case of VAP malfunction, we will access alternative veins 
(see list of potential sites under section V.4.4.2.Biosamples "Collection of blood samples"). 

Health of animals will be monitored twice-daily, CBC/differential will be monitored on the days indicated 
below (except in emergency cases, where blood for CBC counts will be taken by VSD request). These 
experiments will utilize the husbandry, irradiation, and VAP procedures perfected in the studies performed 
under previously approved protocols. Animals wilt be euthanized on day 30-33. Tissues and blood 
samples may be taken at the time of euthanasia and shared with other investigators for biodosimetric and 
mechanistic studies. 

V.1.1. Experiment 1a - Pilot study: preliminary estimate of dose-survival relationship for whole
body gamma-irradiation at GI-light doses (2.0- 3.0 Gy) in the presence of supportive care {n=16 
animals). 

Radiation doses of 2 Gy and higher are 100% lethal in the absence of supportive care. This experiment 
will allow us to obtain data on 30-d survival in the dose range 2.0 - 3.0 Gy in the presence of two levels of 
supportive care. 

We will implant VAPs in male Gottingen minipigs to facilitate blood sampling and administration of 
supportive care. Three weeks after VAP implantation, we will expose minipigs to irradiation (Cobalt-60, 
total body, bilateral, 0.6 Gy/min}. Two cohorts of 8 animals each will be used for Experiment 1; animals 
will be irradiated and administered supportive care, as described in Table 1. Survival will be followed for 
30 days. 

Table 1: Supportive care Radiation levels Total 
studv desiqn no. 

2.0 Gv 2.5 Gv 3.0 Gv animals 
Exp ta. Part Per harmonized 4 4 8 
1 protocol, including VAPs 

with antibiotics, JV fluids. 

Exp 1a. Part As in Part 1, with blood 4 4 8 
2 products added 

Tota\ no. of animals Exp 1 a 16 
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Experiment 1 a Part 2 is contingent upon results from Experiment 1 a Part 1. 
We expect that the use of supportive care will extend the survival of all 2.0 Gy irradiated animals to> 14 
days. If animals irradiated with 2.5 Gy (Experiment 1 a Part 1) do not survive> 14 days, we win break 
down to Exp 1aPart2 into 2 sequential experiments (Exp 1 a Part 2a and Exp 1a Part 2b}. We will first 
irradiated 4 animals at 2.5 Gy and we will administered supportive care PLUS blood products added. If 
these animals survive > 14 days, we will proceed to irradiating at 3.0 Gy (Exp 1 a. Part 2); if the 2.5 Gy 
irradiated animals, receiving supportive care and blood, do not survive more than 14 days, the remaining 
4 animals in the study will be irradiated at a dose lower than 2.5 Gy and will still be given supportive care 
WITH blood (see scheme below). 

E>p l;, Part l 

~ ~ 
All ariimals survive 2.S Gy 1rrad1a~ed animals do NOT surv1vt 

l l 
Exp la Pait 2 18 animals. E•P la Pan 2a 
4 ~ 2.5 GV + 4 ~ 3.0 Gy) f4 animals 1rrlld1etcd a1 

2 .S Gv • blood ~roduct) 
... 

5ome or all animals surviv~ All ~ni~ls di~ 

l 1 
fl<P h ~art 2b E•P h P•rt 2b 
(4 animals Irradiated at 3.0 14 ~r»mois Irradiated"'' <2.S Gv • 
Gy • 01000 proavct i lllood procuctJ 

The re imen of supportive care is described in Table 2 (see section V.4.4. Animal Manipulations); it 
folio (b)(4 armonized minipig protocol guidelines. Whole. anti-coagulated (ADC), blood will be 
purchased from commercial companies, shipped overnight on wet ice, irradiated, and tillered again prior 
to administration (see section V .4.4.9. Animal By-Products). ADC blood will be infused at a rate of 
100 ml/hour, unless otherwise directed by VSD veterinarians. 

TABLE 2 R r eo1men or suooor 1ve care 
Treatment Regimen Admin route StarVend 
Antibiotics Enrofloxacin 5· 7 mgtkg SID PO(or /Mor /Vif 3-30d 

<Bavtril) PO not possible) 
Amoxicillin 10 mg/kg BID PO (or IM or /Vif 3-30d 

PO not possible) 
Antipyretic/anti- Carprofen 2.2- 4.4 mg/kg BID IV, (or PO or IM if 3-30d 
inflammatory (Rimadyl) PO not possible 
Dietary Moistened/liquid 3-30d 
Supplementation food. Metamucil, 

pumpkin mash 

IV fluids Lactate Ringers 10-30 mUkg slow /Vpush Start day 3, every 1-3 
Solution 110-20 min} davs~ 
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Blood product Whole blood Up to 7-14 ml/kg, Once a week, starting 
su ort t\I"• on da 7-8. 
• Depending on the hydration state of the animal, in consultation with VSD 
··Total volume will de end u on HCT and latelets count. in consultation with VSD 

Multiple blood draws .!IJM be performed. with the following schedule (with day of irradiation or sham 
irradiation as "day O''): blood will be collected -14, -7, -1 day (before irradiation) and on days 0, 1, 2 , 3, 7, 
10, 14, 17, 20, 23, and 30 (after irradiation). Shifts in blood draw days and reduction in the number of 
bleeds may be made as contingencies arise. Time points for single blood draws after day 17 after IR may 
be subject to changes of up to +/-48 hours. Volume of blood taken will not elCceed 1 % of total blood 
volume (65mVkg in case of swine) or 6 ml, whichever is !ess. 

V.1.2. Experiment 2 - Mortality probit curve study. 

Based on results in ElCperlment 1, AFRRI will perform a 30-day survival probit study over several radiation 
levels in the resence of supportive care, as suggested by results from Experiment 1 a and in consultation 
with (b)(4J 

The probit curve will be constructed from 7 separate groups of 8 animals each (56 animals), at doses 
(TBI, 0.6 Gy/min) to be determined based on results of experiment 1a, in the AFRRI cobalt facility. The 
primary data-points of the study will be 30-day survival; secondary data-points will be CBC counts, 
histology ot the GI tract (small bowel representative areas} and bone marrow (sites noted above), and 
tissue and blood microbiology at necropsy. The blood draw schedule and supportive care regimen will be 
those established in pilot study 1. 

TOTAL ANIMALS FOR EXPERIMENT 2: 7 doses K 8 animals/dose = 56 

TOTAL ANIMALS FOR EXPERIMENT 1+2: 56+16 = 72 

V.2. Data Analysis 
Survival in Exp 1 a Part 1 with supportive care at 2.0 Gy will be compared against historical controls with 
no supportive care. 
Survival in Part la with supportive care at 2.5 Gy will be compared against supportive care at 2.0 Gy. 
Survival in Part 2 with supportive care and blood products at 2.5 Gy will be compared against supportive 
care only at 2.5 Gy. 
Dose-survival relationship in Part 2 (supportive care and blood products) will be compared across a dose 
range to be determined based on results of Exp1aPart1. We will compare groups using the ANOVA test 
and we will obtain preliminary information on the effect of supportive care and blood products on survival. 
This information will be used to establish the regimen for the generation of the survival curve. 

For the generation of the survival curve, the LD30, 50 and 70 will be estimated using the probit 
method. This method allows for construction of confidence intervals to describe the precision of the 
estimated lethal doses. The width of the confidence interval depends on the number of doses, number of 
animals per dose, and the slope of the dose-response curve, and a narrow interval indicates a more 
reliable estimate. We propose to use seven doses that are equally spaced. and eight animals per 
dose. For a dose-response curve with mortality rates ot 5, 20, 35, 50, 65, BO and 95 percent for the seven 
doses, the expected width of the 95% confidence interval for the LD50 will be 0.57 Gy, and the e><pected 
width of the 95% confidence interval for the LD30 and LD70 will be .72 Gy. We anticipate that most dose· 
response curves will be steeper and therefore will yield even more precise estimates of the L030, 50 and 
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70. Expected confidence interval widths are based on the average of 1,000 simulated data sets using the 
study design and mortality parameters indicated. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non·animal Alternatives Considered. 

The purpose of this project is to determine the effect of supportive care on survival. There is no computer 
model or tissue culture that can mimic the effect of radiation on the whole organism and predict lethality. 
Survival depends on an intricate network of organ cross-talks and cellular microenvironment that cannot 
be recreated in vitro. Consequently, administration of supportive care to cellular components grown in 
vitro will not allow any assessment on survival. 

We do not know alf of the cell types and tissues involved in radiation injury or how radiation injury causes 
lethality. The concept of multi-organ failure has been suggested, but how the injured organs affect each 
other's vital functions is unknown. The present state of the an of tissue culture is still incapable of 
reproducing the in vivo relationships. Computer modeling is similarly limited by lack of full characterization 
of the biological elements and interactions under study. 

These considerations are consistent with the FDA requirement for preclinical research in both small and 
large mammals before granting approval for drug testing in humans. 

V.3.2. Animal Model and Species Justification 
We have been developing the Gottingen minipig as an additional large animal mode! for the study of the 
AAS and advanced development of radiation countermeasures. Large, long-lived, non-rodent animal 
models are required for drug studies submitted to the FDA for licensure applications. The current study 
will help characterize the model in terms of natural history of AAS. The close similarity to humans in 
anatomy and physiology of organs such as the liver, pancreas, kidney and heart has made the pig the 
primary species of interest as organ donors for xenographic procedures. Mini pigs are routinely used for 
toxicity testing. As such, further and rapid characterization at physiological, molecular and genetic level of 
the minipig is likely to occur, thus increasing acceptance of this model and facilitating advanced drug 
development. Our previous studies have employed male Gottingen minipigs to develop a probit curve; 
female minipigs ot a corresponding age (approximately 4 months old) are more sensitive to irradiation, 
based on data from other laboratories. Since we are testing the effect of supportive care on survival and we 
are using our own historical data as one of the terms of comparison, we will continue to use male minipigs 
for this study. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species Sus scrota domestica 

V.3.3.2. Strain f Stock Gottingen 

V.3.3.3. Source I Vendor Marshall BioAesources/Marshall Farms Group Ltd 

V.3.3.4. Age 4-6 months 

V.3.3.5. Weight 7-13 kg 

V.3.3.6. Sex Male 

V.3.3.7. Special Considerations NA 

V.3.4. Number of Animals Required (by species) 

Exp 1 +2: 72 animals 
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V.3.5. Refinement, Reduction, Replacement (3 R's) 

V .3.5.1. Refinement 
The study data-points currently mandated by the FDA for approval of radia!ion countermeasures under 
the Animal Efficacy Rule is mortality. Hence the primary study data-point in our development of Gottingen 
mlnipigs as a model for AAS Is survival. Moribundity will be used as a surrogate for mortality. and 
euthanasia will be used in order to minimize pain and distress, using an eKtensive set of criteria (see 
animal endpoints, paragraph V.4.5 - Lethargy, weight loss, temperature, respiratory distl'ess, food intake. 
bleeding etc). Animal care and use procedures will only be performed by trained personnel .. We have 
considerable eKperience in the care and handling of minipigs. Extensive human interaction every 
weekday wil'I reduce stress in thfl animals. Use of sfings, topical anesthetics, and the VAPs wiill minimize 
disiress duri·ng blood collections and the animals will be gradually acclimated to the slings for these 
procedures, 'I/AP design and ,the biood collection have been refined during multiple itera1ions of previous 
studies to minimize discomfort to the animals. 

V.3.5.2. Reduction Blood samples obtained from mlnlpigs before irradiation will serve as controls, thus 
reducing tlhe number of animals required for this study. Use of historical controls will reduce the number 
of animals needed tor this study, 

V.3.5.3. Replacement NONE 

V.4. iectmieal Methods 
V.4.1. Pai1n I Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 

V.4.t.1.1. Numbe:r of Animals 

V.4.1.1.1.1. 'Column C _(#of animals) 

V.4.t.1.1.2. Column D _72_ (#of animals) 

V.4.1. 1.1.3. Column E _o_ (#of animals} 

V41 14 1P iC A f .... , .. . , an ateaorv ss1anments 
EXD.# ExDerimental/Contral GrouD c D E Totals 
1 Pilot study: estimate of dose-survival relationship with 16 16 

.suooortlve care 
2 Mottalitv probit curve studv with suooortive care 56 56 

Totals: 72 72 

V.4. 1 .2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Analgesia I Tranquilization 

SURGERY 
To pr,epare animals for intubation and VAP Implantation, pigs will be sedated with intramuscular 
tiletamine/zolazepam (Telazol®, 6-8 mg/kg IM; 100 mg/ml, Fort Dodge Laboratories. IA) or ketamine (20 
mg/kg /M)/xylazine (2 mg/kg JM) will be considered as an additional anesthetic option for sedation prior to 
inltubation. Atropine (0.05 mg/kg JM, SC, IV; atropine sulfate, Butler, Columbus, OH) may be given to 
reduce mucosal secretions. Cetacain topical spray will be used to enhance tracheal intubation success 
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rate. Following tracheal intubation, pigs will be maintained under general anesthesia using isoflurane gas 
(Abbot1 Laboratories, North Chicago, IL) at a maintenance rate of 1 % to 3% and oxygen flow rate of 1 to 2 
I/min. 

IRRADIATION 
Prior to irradiation, animals will be sedated with Telazol® (Telazol, 6-B mg/kg /M; 100 mg/ml, Fort Dodge 
Laboratories, IA). Alternatively, Telazol® (4.4 mg/kg IM), in combination with dexmedtomidine (0.05-0.1 
mg/kg IM) or ketamine (20 mg/kg /M)/xylazine (2 mg/kg /M) can also be used for sedation. Atropine {0.05 
mg/kg SC. IM or IV; atropine sulfate, Butler, Columbus, OH) or glycopyrrolate (0.01 mg.kg) may be given 
to reduce mucosal secretions. At the end of the irradiation procedure, once the animals are back in their 
quarters, dexmedetomidine can be reversed by atipamezole IM (same volume as dexmedotmidine) to 
facilitate recovery. 

V .4.1.2.2. Pra.. and Post-procedural Provisions 

Body weights will be determined at least once prior to treatment, on the first day of treatment, and on 
days of blood collection. Body temperature will be determined daily between B am and 12 noon. The time 
of each temperature collection will be recorded tor each minipig. 

IRRADIATION 

Pre-Irradiation: Animals will be fasted overnight (approximately 16 - 1 B h) and sedated as described 
above. Once sedated in the VSD animal facility, minipigs will be transported to the AFRRI cobalt facility in 
an approved, covered transport cage. Heart rate and temperature will be measured prior to irradiation. At 
least one vet tech or one veterinarian will be present at the time of irradiation. Immediately before 
irradiation, the vet or vet tech will determine whether or not to administer additional sedative to keep the 
animal asleep during irradiation. 

Irradiation procedure: animals will be strapped in place into slings in polyvinylchloride PVC frames for 
irradiation. Effect of anesthesia will be monitored in real time through video cameras positioned in the 
Cobalt waiting area. Minipigs will be removed from the slings once irradiation is completed. Temperature 
and heart rate will be taken before returning the minipigs to their home cages. 

Post-Irradiation: After irradiation, animals will be transported back to their cages, where they will be 
allowed to recover from sedation under the careful surveillance of VSD and/or research staff who will 
monitor vital signs and provide thermal support (e.g. Bair Hugger blanket) if necessary. Atipamezole /M 
(same volume as dexmedotmidine) may be used to reverse the anesthetic effect of dexmedetomidine. 

BLOOD SAMPLING 

Preparation of the animals: for blood draws, lidocain (5%} will be applied topically to the VAP site to 
minimize discomfort to the animals about 15 minutes before starting the procedure. Animal may be 
sedated at the time of blood sampling and administration of supportive care with Midazolam (0.1-0.5 
mg/kg s.c.or IM), or acepromazine (1.1 mg/kg /M), 1 O minutes prior to venous access 

After blood draw, animals will be returned to their cages and checked to ensure that the needle puncture 
wound is dosed and the blood has clotted. 

V.4.1.2.3. Paralytics NIA 

V.4.1.3. Lightrature Search for Alternatives to Painful or Distressful Procedures 
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V.4.1.3.1. Sources Searched Agricola, Pubmed 

V .4.1.3.2. Date of Search 04/12/2013 

V.4.1.3.3. Period of Search All available 

V.4.1.3.4. Key Words of Search The aspects of the study relevant to alternatives to painful or distressful 
procedures are the sequelae to exposure to TBI at doses causing ARS. We used the following key words 
in the search for alternatives: 
swine, radiation, ARS, sequelae, pain, distress, alternatives, 

V.4.1.3.5. Results of Search 

AGRICOLA 
Swine AND radiation AND pain: .............................. o results found 

Swine AND radiation AND distress: ......................... 0 results found 

Swine AND radiation AND alternatives ..................... 5 results (not relevant) 
1) Energy for swine facilities II Alternative sources of energy 
Fehr, RI NAL Catalog (AGRICOLA) 
2) Evaluation of a porcine lens and fluorescence assay approach for in vitro ocular toxicological 
investigations 
Oriowo, Om NAL Catalog (AGRICOLA) 
3) Molecular characterization, chromosomal location, alternative splicing and polymorphism of porcine 
GFAT1 gene 
Liu, K. NAL Catalog (AGRICOLA) 
4) Evaluation of alternative techniques to determine pork carcass value 
Akridge, Jt NAL Catalog (AGRICOLA) 
5) Genomic structure, chromosomal localization and expression profile of a porcine long non-coding RNA 
isolated from long SAGE libraries 
Ren, H. NAL Catalog (AGRICOLA) 

Swine AND ARS AND pain: ... .. ....... .. ..... .. ......... 0 results found 

Swine AND ARS AND distress: ......................... 0 results found 

Swine AND ARS AND alternatives ..................... 2 results (not relevant) 

1) Environmental Prevalence and Persistence of Salmonella spp in Outdoor SwineWallows 
Callaway, Tr NAL Catalog (AGRICOLA) 
2) Factors affecting cellular outgrowth from porcine inner cell masses in vitro 
Schilperoort-Haun, Kr NAL Catalog (AGRICOLA) 

Swine AND radiation sequelae AND pain: .................. .. ........... 0 results found 

Swine AND radiation sequelae AND distress: ................... ....... 0 results found 
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Swine AND -radiation sequelae AND alternatives: ..................... 0 results found 

Pubmed 
Swine AND radiation AND pain: .............................. 264 results found 

Swine AND radiation AND distress: .... ..... ...... ... .... ... 115 results found 

Swine AND radiation AND alternatives ........... .......... 0 results (not relevant) 

Swine AND AAS AND pain: ............. ...... ........... 16 results found (same as those found for 

Swine AND acute radiation syndrome AND pain ...... . .16 resu1ts( ... <ti_l<_4l ____________ __, 

l0)(4),(b)(O) 

2) Development of a Fluorogenic 5' Nuclease !=>CR Assay for IDetectiOli of the af/Gene oi 
Pathogenic Yersinia. enterocolitica. Alissa D. Jourdan, Scott C. Johnson, Irene V. Wesley 
Appl Environ Microbial. 2000 September; 66(9): 3750-3755. 
3) Experimental swine vesicular disease, pathology and immunoflLJorescence studies. 
RM Chu, D M Moore, JD Conroy. Can J Comp Med. 1979 January; 43(1): 29-38. 
4) Recent aavances in small bowel diseases: Part II. Alan BR Thomson, Angeli Chopra, Michael Tom 
Clandinln, Hugh Freeman. World J Gastroenterol. 2012 July 14; 18(26): 3353=3374. 
5) Innate Immune Defenses Induced by CpG Do Not Promote Vaccine-Induced Protectlelrl against IFoot
and"Mouth Disease Virus in Pigs. M. P. Alves, L. Guzylack-Piriou, V. Juillard, J.-C. Audonnet. T. Doel, H. 
Oawsoli, W. i . Golde. H. Gerber, N. Peduto, K. C. McCullough, A. Summerfield. Clln Vacaine lmmunol. 
6) 6ctonucleot1dases In Solid Organ and Allogeneic Hematopoietic Cell Transplantation 
Petya Chernogorova, Robert Zeiser. J Bio med Biotechnol. 2012; 2012 
7) Guidelines on Management of Human Infection with the Novel Virus Influenza A (H1 N1) - A Report 
from the Hospital das Clf nicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar. Denise Schout, 
Filomena Regina Baroosa Gomes Galas, David Everson Uip, Aflfla Sara Shaffennan Levin, He!io Heh~ 
Caiaffa Filho, Pedro Takanori Sakane. Carlos Alberto Suslik, Jose Manoel de Camargo lleixeira. Eloisa 
Bonfa. Antonio Alci Barone. Milton de Arruda Martins, Marcos Boulos. Jose Otavio Costa Auler. Jr 
8) P·orcine Head Response to Blast. Jay K. Shridharani, Garrett W. Wood, Matthew 8. Panzer, Bruce P. 
Capehart. Michelle K. Nyein, Raul A. Radovitzky, Cameron R. 'Dale' Bass 
Front Neural. 2012; 3: 70. 
9) First reported foodborne outbreak associated with microsporidia, Sweden, October 2009 
V. DECRAEINE, M. LEBBAD, S. BOTERO·KLEIVEN, A.·M. GUSTAVSSON, M. LOFDAHL. IEpidemiol 
Infect. 2012 March; 140(3): 519=527. 
10) Lymphocyte subpopulations in the human small Intestine. The findings in normal mucosa and in the 
mucosa of patients with adult coeliac disease. W S Selby. G Janossy, M Bofill, D P Jewell. Clin Exp 
lmrn1.mol. 1983 April; 52(1): 219-228. 
11) IV. Animal experimentation leading to better care of laboratory and pet animals. 
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0 A Soave. Am J Public Health Nations Health. 1967 September; 57(9): 1621-1626. 
12) Arthritis in Cattle. J. L. Shupe. Can VetJ.1961October;2(10): 369-376. 
13) Presidential Address. D'Arcy Power. Proc R Soc Med. 1926 December; 20(2): 85-90. 
14) REPERFUSION INJURY: DOES IT EXIST? Garrett J. Gross, John A. Auchampach 
J Mol Cell Cardiol. Author manuscript; available in PMC 2008 January 1. Published in final edited form 
as: J Mol Cell Cardiol. 2007 January; 42(1): 12-18. 
15) Liver Resection. HPB (Oxford) 2005; 7(S1): 19-31. 
16) Weekly Reports for JANUARY 2, 1914. Public Health Rep. 1914 January 2; 29(1): 1-60. 

Swine AND ARS AND distress: ......................... 13 results found (not relevant forthis study) 
1) Advances in Swine Biomedical Model Genomics. Joan K. Lunney 
Int J Biol Sci. 2007; 3(3): 179-184. 
2) Pacing-Induced Regional Differences in Adenosine Receptors mRNA Expression in a Swine Model of 
Dilated Cardiomyopathy Silvia Del Ry, Manuela Cabiati, Vincenzo Lionetti, Giovanni D. Aquaro, 
Alessandro Martino, Letizia Mattii, Maria-Aurora Morales 
PLoS One. 2012: 7(10): 
3) Experimental Infection of Pigs with the Human 1918 Pandemic Influenza Virus 
Hana M. Weingart!, Randy A. Albrecht, Kelly M. Lager, Shawn Babiuk, Peter Marszal, James Neufeld, 
Carissa Embury-Hyatt, Porntippa Lekcharoensuk, Terrence M. Tumpey, Adolfo Garcia-Sastre, Jurgen A. 
Riehl J Viral. 2009 May: 83(9): 4287-4296. 
4) A defect in dystrophin causes a novel porcine stress syndrome. Dan J Nonneman, Tami Brown
Brandl, Shuna A Jones, Ralph T Wiedmann, Gary A Rohrer 
BMC Genomics. 2012; 13: 233. 
5) Guidelines on Management of Human Infection with the Novel Virus Influenza A (H1N1) - A Report 
from the Hospital das Clinicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar, Denise Schout, 
Filomena Regina Barbosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Helio Hehl 
Caiaffa Filho, Pedro Takanori Sakane, Carlos Alberto Sus!ik, Jose Manoel de Camargo Teixeira, Eloisa 
Bonfa, Antonio Alci Barone, Milton de Arruda Martins, Marcos Boulos, Jose Otavio Costa Auler, Jr. Clinics 
(Sao Paulo) 2009 October; 64(10): 1015--1024 
6) A ReassortmenHncompetent Live Attenuated Influenza Virus Vaccine for Protection against Pandemic 
Virus Strains. Rong Hai, Adolfo Garcia-Sastre, David E. Swayne, Peter Palese 
J Viral. 2011 July; 85(14}: 6832-6843. 
7) Deletions in the Neuraminidase Stalk Region of H2N2 and H9N2 Avian Influenza Virus Subtypes Do 
Not Affect Postinfluenza Secondary Bacterial Pneumonia 
Ashok K. Chockalingam, Danielle Hickman, Lindomar Pena, Jianqiang Ye, Andrea Ferrero, Jose R. 
Echenique, Hongjun Chen, Troy Sutton, Daniel A. Perez J Viral. 2012 April; 86(7): 3564-
8) Safety assessment of probiotics for human use Mary Ellen Sanders, Louis MA Akkermans, Dirk Haller, 
Cathy Hammerman, James Heimbach, Gabriele Hormannsperger, Geert Huys, Dan D Levy, Femke 
Lutgendorff, David Mack, Phoukham Phothirath, Gloria Solano-Aguilar, Elaine Vaughan. Gut 
Microbes. 2010 May-Jun; 1(3):164-185. 
9) Epidemiology of Human Infection with the Novel Virus Influenza A (H1 H1) in the Hospital das Clinicas, 
Sao Paulo, Brazil - June-September 2009. Denise Schout. Ludhmila Abrahao Hajjar, Filomena Regina 
Barbosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Helio Hehl Caiaffa Filho, Pedro 
Takanori Sakane, Carlos Alberto Suslik, Jose Manoel de Camargo Teixeira, Eloisa Bonfa, Antonio Alci 
Barone, Milton de Arruda Marlins, Marcos Boulos, Jose Otavio Costa Auler, Jr. Clinics (Sao Paulo) 2009 
October; 64( 10): 1025-1030. 
10) After the bomb drops: A new look at radiation-induced multiple organ dysfunction syndrome (MODS) 
Jacqueline P. Williams, William H. McBride. Int J Radial Biol. 
2011 August; 87(8): 851-868. 
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11) Safety, lmmunogencity and Etticacy of a Cold-Adapted A/Ann Arbor/6/60 (H2N2) Vaccine in Mice and 
Ferrets. Grace L Chen, Elaine W Lamirande, Hong Jin, George Kemble, Kanta Subbarao. Virology. 201 O 
March 1; 398(1):109-114. 
12) Why is the doctor in the Merry Wives of Windsor called Caius? 
McNair Med Hist 1969 October; 13(4): 311-339. 
13) Weekly Reports for JANUARY 2, 1914 

Swine AND AAS AND alternatives ..................... 11 results (not relevant) 
1) Advances in Swine Biomedical Model Genomics Joan K. Lunney Int J Biol Sci. 2007; 3(3): 179-184. 
2) A Comparison of the Growth Responses Following Intramuscular GHRH Plasmid Administration 
Versus Daily Growth Hormone Injections in Young Pigs. Amir S Khan, Ruxandra Draghia-Akli, Roman J 
Shypailo, Kenneth 1 Ellis, Harry Mersmann, Marta L Fiorotto. Mol Ther. 2010 February; 18(2): 327-333. 
3) Comparison of dkgB-linked intergenic sequence ribotyping to DNA microarray hybridization for 
assigning serotype to Salmonella enterica. Jean Guard, Roxana Sanchez-lngunza, Cesar Morales, Tod 
Stewart, Karen Liljebje!ke, JoAnn Kessel, Kim Ingram, Deana Jones, Charlene Jackson, Paula Fedorka
Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. FEMS Microbial Lett. 2012 December; 337(1): 61-
72. 
4) Society of Nematologists 2011 Meeting: Abstracts: Alphabetically by first author. J Nematol. 2011 Sep
Dec; 43(3-4): 223-297. 
5) Antimicrobial Susceptibility to Azithromycin among Salmonella enterica Isolates from the United States. 
Maria Sjolund-Karlsson, Kevin Joyce, Karen Blickenstaff, Takiyah Ball, Jovita Haro, Felicita M. Medalla, 
Paula Fedorka-Cray, Shaohua Zhao, John A. Crump, Jean M. Whichard. Antimicrob Agents 
Chemother. 2011 September; 55(9): 3985-3989. 
6) ABSTRACTS J Nematol. 2010 September; 42(3): 230-279. 
7) A critical analysis ot disease-associated DNA polymorphisms in the genes of cattle, goat, sheep, and 
pig. Eveline M. lbeagha-Awemu, Patrick Kgwatalala, Aloysius E. lbeagha. Xin Zhao 
Mamm Genome. 2008 April; 19(4): 226-245. Published online 2008 March 19. 
8) Competitive exclusion treatment reduces the mortality and fecal shedding associated with 
enterotoxigenic Escherichia coli infection in nursery-raised neonatal pigs. 
K J Genovese, RC Anderson, AB Harvey, DJ Nisbet. Can J Vet Res. 2000 October; 64(4): 204-207. 
9) SOCIETY OF NEMATOLOGISTS 461h ANNUAL MEETING, SAN DIEGO, CALIFORNIA July 28-
August 1, 2007 J Nematol. 2007 March; 39( 1 ): 67-104. 
10) Hazardous solid waste trom agriculture. R C Loehr Environ Health Perspect. 1978 December; 27: 
261-273. 
11) How sustainable agriculture can address the environmental and human health harms of industrial 
agriculture. Leo Horrigan, Robert S Lawrence, Polly Walker Environ Health Perspect. 2002 May; 110(5): 
445-456. 

Swine AND radiation sequelae AND pain: ............................... 157 results found 

Swine AND radiation sequelae AND pain AND alternatives ........ 20 results (not relevant to this study) 
1) Stereotactic body radiation therapy in the re-irradiation situation - a review. Frederick Mantel, Michael 
Flentje, Matthias Guckenberger. Radiat Oneal. 2013; 8: 7. 
2) Emerging Local Ablation Techniques Michael J. Stone. Bradford J. Wood Semin lntervent Radio!. 2006 
March; 23(1): 85-98. doi: 10.1055/s-2006-939844 
3) Minimally invasive surgery and cancer: controversies part 1 Melanie Goldfarb, Steven Brower, S. D. 
Schwaitzberg Surg Endosc. 2010 February: 24(2): 304-334. 
4 )Dental Implant Systems Yoshiki Oshida, Elif B. Tuna, Oya Aktoren. Koray Gern;ay 
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Int J Mol Sci. 201 O; 11 (4): 1580-1678 
5 }Vaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing methods of the 
vaginal vault M. D. Blikkendaal, A. A.H. Twijnstra, S. C. L. Pacquee, J.P. T. Rhemrev, M. J. G. H. 
Smeets, C. D. de Kroon, F. W. Jansen Gynecol Surg. 2012 November; 9(4): 393-400. 
6 }Percutaneous Ablation in the Kidney Aradhana M. Venkatesan, Bradford J. Wood, Debra A. Gervais 
Radiology. 2011 November; 261 (2): 375-391. 
7) Electrical stimulation therapies for spinal fusions: current concepts Jean C. Gan, Paul A. Glazer Eur 
Spine J. 2006 September; 15(9): 1301-1311. 
8) Personalized nanomedicine advancements for stem cell tracking Mirek Janowski, Jeff W.M. Bulte, Piotr 
Walczak Adv Drug Deliv Rev. Adv Drug Deliv Rev. 2012 October; 64(13): 1488-1507. 
9) EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC 
RESECTION FOR COLORECTAL METASTASIS (CRM} Abstracts HPB {Oxford) 2006; 8(S2): 3-256 
1 O} RNA ST ABILITY REGULATES DIFFERENTIAL EXPRESSION OF THE MET AST AS IS PROTEIN, 
OSTEOPONTIN, IN HEPATOCELLULAR CANCER Abstracts HPB (Oxford} 2007; 9(S1): 36-110. 
11} Tissue engineering: state of the art in oral rehabilitation E. L. SCHELLER, P.H. KREBSBACH, D. H. 
KOHN J Oral Rehabil. 2009 May; 36(5): 368-389. 
12} BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN 
PATIENTS WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE 
CHEMOTHERAPY Abstracts HPB (Oxford) 2008; 1O(S1}: 7- 28. 
13) Myiasis Fabio Francesconi, Omar Lupi Clin Microbial Rev. 2012 January; 25(1}: 79-105. 
14) 0 Fever M. Maurin, D. Raoult Clin Microbiol Rev. 1999 October; 12(4): 518-553. 
15) Persistent CT nephrograms following cardiac catheterisation and intervention: initial observations 
Richard W. Katzberg, Wayne L. Monsky, Nicolas D. Prionas, Vishal Sidhar, Jeffrey Southard, Janine 
Carlson, John M. Boone, Tzu-Chun Lin, Chin-Shang Li Insights Imaging. 2012 February; 3(1 ): 49-60. 
16} Wound Healing of Cutaneous Sulfur Mustard Injuries: Strategies for the Development of Improved 
Therapies John S. Graham, Robert P. Chilcott, Paul Rice, Stephen M. Milner, Charles G. Hurst, Beverly I. 
Maliner J Burns Wounds. 2005; 4: 
17) Food systems: perspectives on demographics and affluence, food supply and consumption. 
GT Molitor Environ Health Perspect. 1990 June; 86: 201-223. 
18) Endocarditis Due to Rare and Fastidious Bacteria P. Brouqui, D. Rao ult Clin Microbial Rev. 2001 
January; 14(1}: 177-207. doi: 10.1128/CMR.14.1.177-207.2001 
19} The Mycobacterium avium complex.CB lnderlied, CA Kemper, LE Bermudez 
Clin Microbial Rev. 1993July; 6(3}: 266-310. 
20} HUMAN HEALTH RISK ASSESSMENT FOR ALUMINIUM, ALUMINIUM OXIDE, AND ALUMINIUM 
HYDROXIDE Daniel Krewski, Robert A Yokel, Evert Nieboer, David Borchelt, Joshua Cohen, Jean Harry, 
Sam Kacew, Joan Lindsay, Amal M Mahfouz, Virginie Rondeau 
J Toxicol Environ Health B Crit Rev. Author manuscript; available in PMC 2009 November 25. 

Swine AND radiation sequelae AND distress: .......................... 62 results found 

Swine AND radiation sequelae AND distress AND alternatives ... 8 results (not relevant to this study) 
1) Minimally invasive surgery and cancer: controversies part 1. Melanie Goldfarb, Steven Brower, S. D. 
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Swine AND radiation sequelae AND alternatives: ..................... 47 results found, not related to this work 
{mainly related to swine flu, medical imaging, mice models, ablation techniques, medical surgeries, bone 
marrow transplantation, cancer treatment 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Depending upon the irradiation dose irradiated animals die due to compromised immune responses and 
opportunistic infections. The percentage of surviving animals is the indicator of the efficacy of a 
countermeasure. We cannot give systemic anesthetic agents to animals after the irradiation procedures, 
since they are known to interact with the immune system (see references in Jacobsen, K. 0., V. Villa, V. 
L Miner, and M. H. Whitnall. 2004. Effects of anesthesia and vehicle injection on circulating blood 
elements in C3H/HeN male mice. Contemp Top Lab Anim Sci 43:8-12.), and would confound the 
correlation of radiation dose with incidence of moribundity, resulting in a waste of animals. However, we 
are providing supportive care in terms of antibiotics, analgesics, antipyretics, fluids/ nutritional support 
and blood products to increase survival. Use of supportive care is expected to mitigate the pain 
associated to the sequelae of irradiation. 

V.4.2. Prolonged Restraint 
Only short periods of restraint in the sling (<30 minutes) will be necessary for blood collections and the 
irradiation procedure. To minimize discomfort, we have designed a new type of sling that uses softer, 
elastic material to support the animal, and utilizes a more efficient restraint design that maintains the 
animal in place while reducing manipulation by technicians and consequently stress to the animals. 
After the quarantine period, animals are acclimated to the sling for 5-10 minutes, 2-3 times before 
initiating blood draws. Acclimation to the sling is very rapid and non-stressful: animals are petted and 
gently spoken to while restrained. It has been our experience that resting on the sling does not agitate the 
animal at all. 
Animals are anesthetized and transported to the Cobalt Facility holding area before being put into stings 
for irradiation (<20 minutes). Animals will be kept under continuous observation while in the sling. Slings 
will be cleaned with a towel after each use, and washed weekly and sanitized. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions 
Animals will be cared for according to section V .5.1 and IAW VSD SOP 2019, Care and Maintenance of 
Minipigs. They will be fasted overnight (approximately 16 - 18 h) prior to VAP implantation surgery. 
For antibiotic, Cefazolin sodium 20 mg/kg IV or ampicillin sodium 10-20 mg/kg /Vwill be given just prior to 
the surgery, or intra-operatively, for prophylaxis. At the time of surgery, a temperature microtransponder 
(Implantable Electronic ID Transponder IPPT-300, Bio Medic Data Systems, Seaford, DE) will be 
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implanted subcutaneously behind the neck, over the shoulder opposite to the site of VAP surgery, to 
facilitate body temperature measurements. 

V.4.3.2. Procedure(s) 

VAP SURGERY 

VAP catheters (So!oPort subcutaneous access port, either PMID or MID model; lnstech Solomon, PA) will 
be surgically implanted in the right external jugular veins under general anesthesia according to the 
principles of aseptic surgery. Animals will be lying on their back; vital signs will be taken at regular 
intervals by vet techs. The catheter tip will be introduced through an 2-3 mm incision in the right jugular 
vein and advanced to the junction of the external jugular vein and vena cava. Prior to insertion of the VAP 
catheter, it will be flushed with locking solution (heparin lock flush solution, 100 IU/ml). Prior to securing 
the VAP catheter within the vein, 1 preplaced 3-0 polydioxanone (PDS) suture (Ethicon, Somerville, NJ) 
will be used to ligate the vessel just cranial to the insertion point of the catheter tip. A second and third 
PDS ligature will be placed around the caudal portion of the vessel containing the VAP catheter and 
retention bead, with 1 ligature on either side of the bead. The port will be secured within the scapular 
incision site to the underlying musculature by use of 3-0 PDS (Ethicon) at a minimum of 2 of the 5 anchor 
holes on the port. Catheter function will be confirmed intraoperatively through aspiration of locking 
solution and withdrawal of a blood sample via the septum. The port reservoir and catheter will be flushed 
again with 6 ml saline and locked with 3 ml of a heparin lock flush solution (100 IU/ml) all subsequent lock 
solutions wilt be heparin (100 IU/ml). 

During closure of the surgical sites, special attention will be given to eliminating dead space around the 
port and around the catheter loop on the neck. The muscle and subcutaneous layers will be closed with 
3-0 PDS II (polydioxanone suture; Ethicon). Skin incisions will be closed with 2-0 PDS II (Ethicon) in a 
continuous intradermal pattern. Tissue glue (VetBond, 3M, St Paul, MN) may be used to help seal 
surgical sites as necessary to help prevent contamination. Cefazolin sodium 20 mg/kg IV or ampicillin 
sodium 10-20 mg/kg IV will be given just prior to the surgery, or intra-operatively, for prophylaxis. 

V.4.3.3. Post-surgical Provisions 

VAP SURGERY 

Postoperative intramuscular buprenorphine (0.01 to 0.02 mg/kg; Buprenex, Reckitt Benckiser, Richmond, 
VA) or Carprofen (2.2 mg/kg) will be provided foranalgesia before fu(I recovery from anesthesia (12). 
Additional post-operative analgesia will be given as Carprofen (2.2 mg/kg PO BID) tor three days starting 
the day after surgery, or as recommended by an AFRRI veterinarian in consultation with the Pl. 
Alternatively, fentanyl transdermal patch at 5mcg/kg/hr or buprenorphine sustained release 0.12 - 0.27 
mg/kg SC for analgesia can be used as determined by the veterinarian. The fentanyl patch, if used, will 
be applied to a shaved portion of skin and secured. It takes approximately 12 hrs for the fentanyl patch to 
take effect. Animals will continue to be monitored until fully recovered from anesthesia; they will be 
returned to their home cage when ambulatory. Supplemental heat may be provided in the home cage 
post-operatively (e.g. Bair Hugger warm air blanket 

After surgery, 25-50 mg/kg trimethoprim-sulfa PO (500 mg PO for 10 kg pig or 5mg/hg fM,, SID, will be 
given for 5 days or more as determined by veterinarian to lessen the risk of post-op infection. 
Alternatively, enrofloxacin 5-1 O mg/kg IV/PO can be given every 24 hrs for 3-5 days or more if needed as 
determined by the veterinarian. Convenia 5-10 mg/kg SC may be used as an antibiotic as determined by 
the veterinarian. The advantage of this antibiotic is that the single injection provides protection against the 
bacterial infection for several days. 
Postsurgical recovery and pain will be monitored twice daily by visual examination of the incisions and 
overall conditions of the animals. Parameters monitored will be food and water intake, activity, alertness, 
vocalization, guarding, and response to human contact 
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V.4.3.4. Location VSD surgical suite 

V.4.3.5. Surgeon 
Surgeons will be AFRRI veterinarians. 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures NA 

V.4.3.6.2 Scientific Justification NA 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 
All injections listed in section V.4.1.2.1 will be administered JM, sc, using sterile needles (23 - 21 gauge) 
and syringes, or lV through the VAP using Huber needles or PO. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

Lidocain {5%), topical 
Telazol® 
Ketam ine/xylazi ne 
Atropine atropine sulfate 
Cefazolin sodium 
Ampicillin sodium 
Heparin lock, IV 
Saline 
lbuprenorphine 
Carprofen 
Fentanyl transdermal patch, topical 
Metamucil 
Enroflaxacin 
Baytril 
Amoxicillin 
Carprofen 
Rimadyl 
Midazolam 
Acepromazine 
Cetacain topical spray 
All the drugs listed above are ordered from veterinary product distributors by VSD and they all are 
pharmaceutical grade drugs. 
Atipamezole (Antisedan, Pfizer) 
Dexmedtomidine (Dexdomitor, Pfizer) 
Convenia (Cefovecin sodium, Pfizer) 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs NA 

V.4.4.2. Biosamples 

Collection of blood samples. This has been done routinely in the previous minipig protocols. Each sample 
will be a maximum of 6 ml in volume or less than 1 % total blood volume (whichever is less) and will be 
collected from the VAP if the device is available and functional. Mean blood volume for pigs is 65-67 
ml/kg. At the time of blood draws, our animals are about 10-14 kg in weight. Up to 1% of total blood will 
be drawn per time point, depending upon the frequency of previous bleeds ((Walter Reed Army Institute 
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of Research. 1997. Investigators' Handbook. Section I: Handling Techniques and Noninvasive 
Procedures). We wilt obtain blood samples using Solomon lnstech VAPs; sedation may be used. 
Collection of samples will be performed with the minipig restrained in a sling; at the same time, we will 
take vitals. The entire procedure takes less than 30 min. Two types of non-coring Huber needles will be 
used to access the port through the skin: straight or a right-angled (the needles wilt be of appropriate 
length to facilitate uncomplicated blood withdrawal from the VAP reservoir). 

Before accessing the VAP site, 5% lidocaine ointment USP will be applied topically t 5 min prior to 
sampling, to minimize animal discomfort Before placement of a non-coring needle, the port injection site 
will be scrubbed with povidone iodine and 70% isopropyl alcohol until all gross debris is removed (3 to 5 
scrubs). To collect a sample, approximately 1 ml fluid will be withdrawn from the catheter and port until 
blood no longer appears to be mixed with saline. This fluid will be discarded. The blood sample will be 
collected into a new syringe and placed in appropriate vials for analysis. Next, 3 ml heparin lock flush 
solution (100 IU/ml) will be infused into the port and catheter as a locking solution. A standard protocol 
will be followed for obtaining a sample from a problematic catheter. First, external pressure will be applied 
to the non-coring needle where it entered the port to ensure the tip of the needle is all the way through the 
septum and into the reservoir. Second, high-pressure turbulent flushing will be attempted with a change in 
the animal's position. A second person will be needed to extend the neck of the animal by raising it or 
flexing it away from the side that contains the VAP. Third, the non-coring needle will be replaced; at times 
the needle may be clotted. Fourth, if the described series of interventions tails to return the VAP to 
functioning, the sample will be collected from accessible peripheral vessels (e.g .. the jugular, saphenous, 
femoral or ear vein). If required during collection from alternate vessels (peripheral vessels, marginal ear 
veins, possibly femoral if animals have recovered from irradiation), the animals may be anesthetized tor 
restraint following the recommendations of an AFAR! veterinarian. All procedures will be entered into the 
experimental record. The next team would repeat the procedures at the next time point in hopes of 
restoring the VAP to use. Three sequential attempts will be made to rescue the VAP before it is 
considered nonfunctional. In the previous pilot protocol, collections from the VAPs have been 99% 
successful. 

Animal may be sedated at the time of blood sampling and administration of supportive care_with 
Midazolam (0.1-0.5 mg/kg s.c.or IM;, or acepromazine ( 1.1 mg/kg IM;, 10 minutes prior to venous access, 
or Telazol if necessary 

Tissue and histological samples: 
Tissue samples, to include organs, blood and hairs, may be taken at the time of euthanasia for slide 
preparation as well as for frozen tissue repository, and may be shared with other investigators. The 
cadaver of a few animals may be kept intact and used to establish dosimetry for LINAC for future 
experiments requiring the use of the LINAC to irradiate minipigs. 

V.4.4.3. Adjuvants NA 

V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V.4.4.5. Animal Identification 
Tattoos or ear tags and cage cards/tags 

V.4.4.6. Behavioral Studies NA 

V.4.4.7. Other Procedures 

V.4.4.8. Tissue Sharing Blood, tissues, plasma or urine samples may be provided to other investigators 
for assays, as experiments permit 

V.4.4.9. Animal By-Products 
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Anticoagulated whole blood will be obtained from Got1ingen Minipigs from Marshall Bioresources and 
shipped overnight to AFRR1 on wet ice. When available, blood from siblings of animals that have been 
irradiated at AFARI wilt be provided by Marshall Bioresources. Donors will be tested for the pathogens 
listed in the Report shown below. These are the same organisms for which the minipigs that enter AFRRI 
VSD vivarium are being tested. Blood will be irradiated and filtered before transfusion. 
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The VAP be used as the primary access for blood support. If the VAP fails, it will be to the discretion of 
the veterinarians how to best proceed, given the fact that the animals are thrombocytopenic and the 
superficial veins are not easily accessible. If blood products cannot be administered, animal will still be 
maintained in the study and will serve as control for survival in the absence of blood products. 

V.4.5. Study Endpoint The data-point currently mandated by the FDA for approval of radiation 
countermeasures under the Animal Efficacy Rule is moribundity or mortality. Moribundity will be used as a 
surrogate for mortality, and euthanasia will be used in order to minimize pain and distress. Euthanasia will 
be carried out when any one or combination of the following signs of moribundity are observed and in 
consultation with AFRRI veterinarians. 

Absolute 
1. Non responsive, assuming the animal has recovered from anesthesia. 
2. Dyspnea 
3. Loss of 20% of e><pected weight (based on Marshall Bio-resources gro'Nth chart -weight vs age

and day 0 baseline percentile). 

Non-absolute 
1. Hyper/hypothermia 
2. Anorexia (skip 3 consecutive BID meals) 
3. Anemia/pallor, CRT >2 seconds. CRT will be performed behind the ears. 
4. Petechiae/ecchymosis 
5. Vomiting/diarrhea 
6. Lethargy 
7. Seizures or vestibular signs (falling, circling or head tilt) 
8. Uncontrollable hemorrhage 

V.4.6. Euthanasia 
Animals will be euthanized according to current American Veterinary Medical Association (AVMA) 
guidelines. Animals will be anesthetized with Telazol® (6-8 mg/kg IM) or ketamine (20 mg/kg /M)/xylazine 
(2 mg/kg IM). Animals will then be euthanized with and injected IV Euthasol® (sodium pentobarbital, (1 
ml/4.5 kg IV or IC) with Euthasol® (sodium pentobarbital) or another commercial euthanasia solution. 
Death will be confirmed by VSD veterinarian or veterinary technician via auscultation of the heart, with 
cessation of sounds for at least 2 minutes or longer as per current SOP. See item V.4.5 for euthanasia 
criteria before the end of the study 

V.5. Veterinary Care 

V .5.1. Husbandry Considerations 
Minipigs will be housed in stainless steel cages/runs, in tactile, visual and olfactory contact with adjacent 
animals. During quarantine/acclimation period, up to day of surgery, minipigs may be group-housed. 
After surgery, they will be singly housed to prevent damage to the VAPs and to allow individual 
assessment of feed consumption and fecal/urine/blood production. Rooms will be maintained on a 12:12 
h light {0600 to 1800) dark cycle with the temperature set to 27 to 29°C and 30% to 70% relative humidity. 
Commercial diet (Mini-Swine Diet 8753, Harlan Teklad Diets, Madison, WI) will be provided. Water will be 
provided ad libitum. 

V .5.1.1. Study Room 
Minipigs will be located at AFRRI for the duration of the study. They will either be in a VSD surgical suite 
for VAP implantation, in transit to and from the cobalt facility in a covered transport cage, in slings for 
irradiation in the cobalt facility, or in their housing cage or a VSD prep room for blood collections or 
euthanasia. They will be housed in stainless-steel cages in an environmentally controlled and 
continuously monitored animal room as described in Section V.5.1 
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V .5. t.2. Special Husbandry Provisions 
Tap wa~er will be provided ad libitum. Diet will be controlled in accordance with vendor's 
recommendations so as lo prevent excessive weight gain. Metamucil and pumpkin mash will be provided 
starting at day 7 afder irradiation to all animals. Liquid food (Le. ProMod Liquid Protein} and/or moistened 
pellet will be ottered if observed that the sick animal prefers ~ to dry food. No treats in the form of 
marshmallow. peanut btJtter, crackers will be offered to this animal. since they are on a calorie-restricted 
diet. Instead, fresh fruits, vegetables, and/or yogurt will be offered daily. 

V.5.1.3. Exceptions NA 

V.5.2. Veteriinary M&dical Care 

V.5.2.1. Routine Veterinary Medical Care 
Animals will be acclimated for approximately 1 ·2 weeks prior to VAP implantation. Each animal will be 
observed at least twice daily for evidence of pain or distress. Body weights will be determined at least 
once prior to implantation, on the day of implantallon, and on days of blood colleollon. fhe time of each 
daily temperature collection wiil be recorded for each animal. Animals will be quaHtatively assessed at 
leas~ twice daily (a.m. and p.m.) for general behavioral status and food consumption by VSQ techs and/or 
research techs. The heart rare will be measured at the time of each blood collection, Stools consistency, 
leJt~over food, demeanor and overall animal appearance. If animals look dehydrated. supplemental oral 
fluids (Pedia.lyte, etc.) will ibe provided. Diarrhea has not been observed In rninipigs irradiated at doses <8 
Gy. Appropriate standard operating procedures will be followed by staff veterinarians in the event of pain 
or distress. 

V.5.2'"2. Er11ergenty Veterinar-y Medlcai Care Emergency veterinary medical care is available 24/7 and 
will be provided based on the restrictions approved in earlier sections of this protocol 

V.5.a. Envirnnmental Enrichment 

v.s.a.1. enrichment Strategy 
Toys and balls will be provided to the minipigs and they will be hbused tn the same room as eonspecifies 
as ,per VSD $0Ps on enrichment of minipigs. Single housing justifications are filed under IAGUC memo 
regarding animals undergoing surgery and irradiation. 

V.5 .. 3,2. Enrichment Restrictions 
Minipigs will ibe singl€rhoused after surgery and after irradiation until completion of the study, to avoid 
mechanical and infectious complications related to implanted VAPs, but they will be in visual. olfactory 
and auditory contact with other minipigs in the same room. 

VI. SJ1UOY PERSONNEL QUALIFICATIONS AND TRAINING 

Trained personnel are certified by VSD. 

YRS/MOS 
DEGRE EXPERIE.t.t 

= NAME E TRAINING DATE PROCEDURES CE 
(01\0J I , 3b, 4, 5, 7 {drug {O)(O) 

delivery) 

i through 5 

1, 3b, 4 5, 7 (drUQ 
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YRS/MOS 
DEGRE EXPERIEN 

NAME E ==TRAINING DATE PROCEDURES CE 
(b)(6) 20i1 delivery) 21 mos 

Procedure and manipulation codes: 
Code 1 = Animall handling and euthanasia 
Code 2= Surgery (aseptic technique) pre0 and post0 operative care 
Code 3= Injections (3a-ip, 3b-sc, 3c-gavage) - can say 3 if trained in all manipulafiohs or· add 3d-iv 
Code 4= Blood collection under anesthesia ( 4a-cardiac. 4b-posterior vena cava) 
Code 5= Tissue collection (after euihanasia) - doesn't need to be specific 
Code 6 = llmplantation (provide details) 
Code 7 = Others - (l'.ll'oVide prolocol specific manipulations or procedures for e.g., retro-orbital bleeding, 
tail vein injection. or drug delivery) 

VII. BIOHAZARDSfSAFETV NA 

VIII. ENCLOSURES 

Biblioataohv 
(0)\4),(0)\0/ 

4. MacV1ittie T J, Farese AM, Jackson WI. Defining the full therapeutic potential of recombinant growth 

factors in the post radiation-accident environment: the effect of supportive care plus adrninistli'ation of 

G-CSF. Health Phys 89:546Y555; 2005. 

5. Waselenko JK, MacVittie T J, Blakely WF, Pesik N, Wiley AL, Dickerson WE, Tsu H, Confer DL, 

Coieman CN, Seed T, Lowry P. Armitage JO, Oainlak N. Medical management of the acute radiation 

syndrome: recommendations of the Strategic National Stockpile Radiation Working Group. Annals 

Internal Med 140: 1037Y1051: 2004 

6. Defense, D. o. 2009. Chemical and Biological Defense Program: Annual Report to Congress. 
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X. ASSURANCES 

Protocol Title: Effect of supportive care on irradiated Gottingen mlnlplgs (Sus scrola domestica) 

As the P1rincipal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals au\Mtized for use in this p(otocol will be used only in the ac~ivitlt;s and 
ill the manner described herein. unless a modification is spedfically approved by the IACUC prior to its 
implementation. 

6. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

c. Statistical Assurance; I assure that I have consulted with a qualified individual who evalu1ated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientilic validity will oo used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, blosafety. recombinant issues. aind so 
forth; in the preparation of this pn:ltocol. 

E.. Training: I verify that the personnel performing the animal proc-edures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress wil l be caused to the animals as a result oi the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical arid administrative obligations 
associated with the perlormance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well,being of the 
research animals. Additioflally, I pledge to conduct this study in the spirit of the fourth "R", namely, 
"Responsibility," which the DOD has embraced tor Implementing animal use aiternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research prac1ice. 

H. Painful Procedure(s): I AM I AM NOT conductin\;;j biomedical experiments, which may 
potentially ·cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed e)(periment. 

l(b)(6) I 
Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(October 2012) 

Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations end DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however. reference to 
the instructions during protocol preparation is highly recommended. If using the template with instructions. 
the instructions should be deleted prior to submitting the finished protocol for IACUC review. Please use 
Arial. regular, size 12, black font to prepare the protocol. With the exception of section headings, all 
paragraphs require a response. Paragraphs that do not apply should be marked NIA. There is no space 
limhation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-va!idated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However. it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard formal is maintained. In 
other words, all or lhe labeled paragraphs and subparagraphs in this template must be retained, wi th 
additional Information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., 
concepts, ideas, experimental approaches, etc.}, some of which is innovative or original and 
therefore considered proprietary to the investigators and/or the sponsoring agency. All 
Government and non-Government personnel handling this protocol shall exercise 
EXTREME CARE to ensure that the information contained herein is NOT DUPLICATED OR 
DISCLOSED, in whole or part, for any purpose other than to evaluate the protocol, without 
the written permission of the principal investigator or the sponsoring agency. 
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Department of Defense Sponsored Animal Research Proposal 
Signature Coordination Sheet 

Submission Date: 

Approved/Returned for Revision: 

1'1 Resl.bnission Date: 

Approved/Returned tor Revision: 

Submission Date: 

Approved/Retumed for 
Revision: 

1" Resubmission Date: 

NOTES to Pl : 

Submitted; ~1 3-20 13 
Revised: 7•30-2013 

FOR IACUC USE ONLY 
PROTOCOL NUMBER{ b){B) 

6/1312013 
I 

2"° Resubmission D:ate: 

711812013 AD~toved/Approval Withheld by IACUC: 

7i30!2013 EXPIRATION DATE: 

8/2V2013 Previous Protocol Number (ii related) 

SECOND TIER REVIEW 
(if reauiredl 

8/2112013 ApproveatAeturnec:i for Revision: 

8/23/2013 2"° Resubmission Date: 

612112013 Approved/Approval Withheld: 

• To OISPLA Y this Word document's red-text instructions, 
single-click Word's Show/Hide bulton {shown, right), 
l()cated in Word's top-of-page panel (Click Word's 
"Home· tab if Show/Hide isn·1 displayed). 

Ptvitw Vitw Otwtloptr 

i~ ~ 11 

-= • =- • l:g·I ~ 
• To HIDE the red-text Instructions ; single-click the 

Show/Hide bulton again. 
r-

FTnal - 8i30/13 

812912016 

6t'27/201J 

8128/2013 

8129/2013 

For each section and suhser.tion, enter your text into the underlined data field { ) only. Do not 
make entries into ti-e red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typJ.!}9. 

I. NAME OF FACILITY: Armed Forces Radiobiology Research rnstitute 

II . PROTOCOL NUMBER:._l(l5_)<6_l ___ ____. 

Ill. PROTOCOL TITLE: Evaluation ofl(b)(a) las a radiation mitiqator in nonhuman 
primates. rhesus mac_ague 

IV. PRINCIPAL INVESTIGATOR: 

jt6)(6) IPhO Date 
Scientific Research Departm,,,e,...n"'"t __ _ 
AFARI 1(5)(6) I Fax:.._fb_)(6_) ~~;;,,,,J 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent with good scientiiic research practice. 

Date 
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VI. STATIST1JCAL FlEVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures lhat !lie numb-er of animals used is appropriate to obtain sufficient data and/or is not excessive. 
and ihe statistical design is appropriate for the intent of the study. 

l<b)(G) I PhD Date 
Statistician.,,....., ........ ---. 
Telephone:!rb)<6} I Fax:l(b){6) 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attem:ling Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more tihan slight Orr momentary pain or distress. even if relieved by anesthetics or analgesics. 

l{b)(S) I DVM, L TC; vc. USA Date 
Head, Veterinafl Scieru.::es De~artment, AFRRI 
Telephone (b){6) Fax~(b)t6) I 
b( 

VIII. SAFIETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of compleied AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 
~~;oau,:U-liju.w.;. Sa!et~ Department, USUHS 

..,..,.;,;;;.i;;;.;.;.;::.;"""""------1-Faxl{b)(6) I 

IX. IACUC AIPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Commitlee on ____ _ 

(Date) 
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PROT10 COL TITLE: Evaluation of llb)(•} las a radlationJllitigator in 
nonhuman primates , rhesus macague 

PRINCIPAL INVESTIGATOR: 
fb)(6J . I PhD 
'SC1entihc Research Departm ... e...,n..,.t __ _ 
AFAAIJ(OJ<6l l Fax~1-~-X6_l __ __. 

CO-INYESTIGATOR(S): 
Fb}(6) I PhD 
Scientific Research Department 
Staff Scientist 

lt6)(e) I 

1(6)(6) I PhD 
Scientific Rese,arch Department 
Research Associate 

1<6)(6) I 
AFRRI SCIENT1IFIC RESEARCH PROTOCOL NUMBER: fb)(S) I 
I. NON-TECHNICAL. SYNOPSIS: Hematopoietic syndrome resulting from exposure to 
ionizing radiation is characterized by loss of neutrophils, an important white blood cell 
component, as well as significant suppression to overall immuni1y and increased 
susceptibility to opportunistic infection with high potential for mortality. Failure to recover 
from infection can be attributed to a lack of circulating white blood cells and reduced 
proliferative capacity of the bone marrow to compensate this loss by increasing 
progenitors. In addit ion, thrombocytopenia (decreased platelet counts) resultin from 
radiation ex osure ma lead to uncontrolled internal bleedin . Recent! , 

tb) l that specifically increased platelets five'-
told compare1d to normal untreated mice. Further, the drug significantly increased 30-
day survival in mice exposed to a lethal dose of ionizinF radiation. We have an ongoing 
IACUC protocol pb)(S) I that evaluates the dfug ~6)(4 ; las a radiation 
countermeasure ln a large mammal modelr..specifically, nonhuman primates (NHP). We 
have shown that various drug doses llbl<41 I injected 
subcutaneously increased platelet levels in NHPs and caused no drj[fy'.iflat:d~ 
de!elterious effects. Finally, in a. recent ongoing experiment a dose of . f the 
drug injected as a single subcutaneous administration significantly increase · platerets 
by two-fold in unirradiated animals without causing any obvious toxicity. Therefore, 
survival stud ies at this highest dose are in progress. 

The present protocol involves evaluating this drug f6>!4) I in lethally irrad iated 
NHPs that are provided supportive care such as antibiotics and blood transfusions in 
order to increas_e _o_sJ:irradiation survival. We hypothesize that administration of the 
drug l< being specific to control of thrombocytopenia will enhance 
survi\/a s1gn1 1cant y. or example, if without supportive care animals survive 7 Gy, then 
w~h supoo: the survivable dose may increase to 8 Gy and with support care plus 

116)(1 Jit may increase to 9 Gy. 
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II. BACKGROUND 

11.1. Backgt.c>und 
Increased mortality due to bone marrow failure: Because of increasing terrorist acti1vity 
and dissemination of nuclear materials, the chances of military or civilian personnei 
being exposed to dirty bombs or improvised nuclear devices have risen dramatically in 
recent years. The prevailing sentiment of U.S. government officials is that it is a matter 
of when, not if, an attack with radiological or nuclea.r weapons will take place. The 
nation needs to be prepared for this eventuality. Acute radiation syndrome results when 
whole-body ionizing radiation causes defective hematopoiesis as a function of the 
radiation dose, dose-rate, and radiation quality. Defective hematopoiesis due to iontzing 
radiation exposure results in a decline in all blood cell counts for several weeks 
postirradiation. The primary cause of death during the early phase of the radiation
induced hematopoietic syndrome is multi-organ failure (MoF) resulting from 
opportunistic infection due to a decline in the numbers of neutrophils (neutropenia) and 
increased translocation of bacteria across the damaged gastrdintestinal mucosa. 
Sepsis and shock result in eventual multiple organ failure and death. Acute radiation 
syndrome is often complicated by hemorrhage as a consequence of thrombocytopenia 
resulting in reduced circulating platelets (Stickney et al., 2007). 

Currient ltrea.tment strategies: The current treatment practice for radiation victims is the 
off-label administration of marrow growth factors such as G-CSF, which are not ye~ 
approved for this purpose by the Food and Drug Administration (FDA), and must be 
us·ed under the constant supervision of physicians because of possible adverse effects. 
Other agents that may be used for radiation victims, like potassium iodide {Kl'), Prussian 
Blue, Calcium DTPA, and Zinc DTPA address the internalization of specific radioactive 
isotopes, not the general injury caused by external exposure to ionizing radiation. For 
example, Kl is used to prevent thyroid cancers by competing with internalized 
radioactive iodine for binding sites. Other potential radiation countermeasures still are i1n 
the pre-clinical research stage. There is a pressing need to develop countermeasures to 
ionizing radi:ation that will have a general beneficial effect on blocd-tarming tissues and 
immune competence. In order to expedite such studies that cannot be undertaken in 
humans due to ethical reasons, the FDA has estab~ished ''the animal efficacy rule" (FDA 
2002). Under this rule, pivotal efficacy studies in large-animal models, such as use of 
rhesus macaques exposed to lethal doses of ionizing radiation, are appropriate to 
supportive approval of novel radiation countermeasure agents for human use. 

Role of Thrombocytopenia: The effectiveness of drugs to reduce or eliminate 
deleterious biological effects of ionizing radiation depends on their effectiveness in 
controlling neutropenia, thrombocytopenia, and possibly anemia. Off=label drugs suchi 
as growth factors (GFs), G-CSF, and GM-CSF are available to treat neutropenia but no 
such treatment exists tor thrombocytopenia (although thrombopoietic G Fs interleukin 111 
IL-11 · and thrombopoietin {TPO) have been studied). However, administration ot ... 116_)14_>_ ... 

<bl<4> formulations resulted in adverse effects in clinical trials (Kuter 2002, 
2007, 2008) although they were effective in increasing circulating platelets.,_l(b_l<4_> ___ _. 

116)(4) lhave bean successful in clinics for treating idiopathic 
thrombocytopenia purpura (ITP). 

Brief background information on llb><4> las a radiation countermeasure ag:ent:: 
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The drug for the present study will be synthesized by incorporation of a 14~amino~ 
acid peptide into a fuily human antibody (PA83) scaffold at both the end region of th:e 
light chains and the hinge region of the heavy chain. Therefore, control antibody without 
the 14-amino-acid ligand will be used as veh icle or PBS vehicle used for suspending 

ltbJ(4) lin the resent ex eriment 
We evaluate 4 

_as_a__radJ_atLoJ1 __ c_oJ.ioleLme_as_uteJtutilce. (bl<4 > 

(b (4),(b)(6 Briefly, thrombopaietin (TPO) 
receptor a1gonlsts lacking sequence homology to TPO were designed by grafting a 
known ipeptide sequence into the hinge and/ or kappa constant regions of a human anti
anthrax antibody. Some of these proteins were equipotent t TP ins im I in · M ~ 1-r 
acUvir · in vitro, and in increasin latelet levels ;n vtvo. 

(b)(4 

2 mg g, . ) a ministered 
._o_n_c_e_e-1t:"T"""'."'e-r """2'".,...-p-re----o~r"""""'~- -p-os-.t"""'- ""'"-s.,...-ow- e..,.-s-up-. e-r"'"1o~r-p-.ro~- te.ction to five once daily 
doses given pre- or post~TBI. Prophylactic administration (69 Jo 94c'Jo 30-day survival) 
was superior to therapeutic schedules (60% 30-day survival).r>{4> !conferred 
significant survival benefit (p<0.01) when administered 4 days before or even 12 h after 
exposure, and across a dose range of 0.1 to 8 m /k -. The dose reduction factors 
(DRFs) with a single dose of 1 mg/kg 24 h re- or 12 h post-TBI were 
] .32 and 1.11, respectively (p<0.0001 ). Furthermore, increased bone 
marrow cellularity, megakaryocytic development, and accelerated multi·l.f'!r_io~e~a..,.q...,e ___ ..., 
hematopoietic recovery in irradiated mice demonstrating the potential of '""l<b-)(

4
_> ____ _ 

as both protectant and mitigator in the event of a radiological incident. 

On oin . nonhuman rimate studies usin Currently, we are evaluating 
th CbX4> as a radiation countermeasure in the rhesus macaql!Je. This 
project is different from the current protocol because approved protocol animals are 
provided minimal supportive care. They are not provided antibiotics or blooo products 
for enhancing their postirradiation survival: instead, they will be humanely euthanized on 
meeting a ro riate observational criteria after irradiation. Preliminary results show that 
the drug >< is effective in enhancing platelets although to a lesser degree 
than seen m mice (see 1gures ih preliminary section). 

Impact of the present protocol: The use of antibiotics, fluids, blood products. analigesics, 
and nutrition is the "standard of care" for patients exposed to cytotoxic chemotherapy 
and cytoto)(ic "conditioning" for stem cell transplant (Smith, et al. 2006, Timmer-Bonte 
et at 2005). fhese measures will be similar for personnel exposed to mye.losuppressive 
and potentially lethal doses of radiation (as reviewed in Farese 2013). It is known that 
medical management alone can significantly enhance survival of animals exposed to 
lethal doses of uniform total~body irradiation (TBI) (Jackson et al. 1959; MacVittie et al. 
2005~. 

lib){) !proposed a pilot 60-da efficac stud of subcutaneous adminPstration of 
a radiation countermeasure agent " to treat 
hemalopoietic syndrome of the Acu e a 1a ion y11 rome o owing a lethal 
dose (70/60) of ionizing radiation in rhesus macaques" The relationship between 
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supportive care and lethality under H·ARS has been shown previously in canines 
(MacVittie et al. 1991 ; MacVittie et al. 2005}. Recently, Farese et al. (2012) have 
established a NHP model with supportive care, The model defines radiation dose- and 
time·dependent relationships for mortality and major signs of morbidity to include other 
organ damage that may contribute to morbidity and mortality in nonhuman primate 
exposed to tota lwbody radiation and with supportive care, which has also been defined 
as medical management 
Dru to be tested in the current . rotocol l0>< l 

(0)(4) ,(b)( 

Broad scope of the current protocol: The current protocol will use both males and 
females and the proportion will be dependent on availability. The design will consist of 
exposure of both control- {vehicle-PBS) andf6H4

> PBS) treated 
groups to a LD70/60 dose of cobalt~60 gamma radiation with supportive care, including 
blood transfusion and standard care for neutropenic and thrombocytopenic events in 
irradiated NHPs. We will be using PBS vehicle instead of the control antibody because 
in our 1ongoing NHP project we have shown that cpntrol ~ntibody has no effe~t on 
circulating platelets and the fact that the l'b)(a) jformulation is in PBS. 

Sixty (60) day post-irradiation survival will be the primary endpoint, with several 
secondary end points: Neutrophil-related parameters: absolute neutrophil counts {ANC) 
nadir, duration of neutropenia (days), ANG <500/µL and <100/µL, and time to recovery 
to ANG ~500hil. and ~ 1 ,000/µl. , for three consecutive days. It also will include platelet 
(PL T}-related parameters such as PL T nadir, duration of thrombocytopenia (days}. PL T 
<20,000/µL, time to recovery to PL T count ;:::20,000/µL, for three consecutive days. 
Additional oarameters that will be evaluated but not restricted to are: a. Number of 
whole-blood transfusions: b. Number of days with fever {temp ;::103 °F); c. Incidence of 
documented infection (confirmed by aerobic culture of blood or tissues or 
histopathology); and d. Incidence of febrile neutropenia (FN}. 

11.2. Literature Search for Duplication 

11.2.1. literature Sources; Searched: PubMed, NIH Reporter, BRD and Embase 

lt.2.2. Date of Search : 3/3/2013 

11.2.3. Period of Search: 1946 to current for PubMed, 1988 to current for NIH Reporter, 
1987-current for BRO, and 2006-current for Embase. 

11.2.4. Key Words of Search: See table for single and multiple keyword combinations. 

11.2.5. Results of Search 

-Keywords PubMed NIH Reponcr 9110 Embose 
1946-oresent FY 1988-orcsent 1987-acbve 2006-nresent 

Nonhuman primate+ rhesus macaque 1658 792 13 3044 
Thromobopoietin ~(bX4l I 9 3 0 14 

\b)(4) It- platelet + megakaryocyte 
lonl2ing radiation + hematopoietic + 0 0 0 0 
hematopoiesis + neutropenia + 
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thrombocytopenia 
Radiation protection+ mitigation+ 0 0 0 0 
therapy if DI<' I I 
Support care + ant ibiotic+ blood 1 0 0 279 
transfusion + blood products + cytokine 
Nonhuman primate+ rhesus macaque+ 0 0 0 0 
thromobopoietin +p5)(4) I 

1(0)(4) I+ platelet + megakaryocyte 
No.nhuman primate+ rhesus macaque+ 0 0 0 0 

ionizing radiation + hematopoietic + 
hematopoiesis ~ neutropenia + 
throm bocyto penia 
Nonhuman primate+ rhesus macaque+ 0 0 0 0 

radiat ion orotection + miti£ation + 
therapy ~<0ll4J I 
Noinhuman primate+ rhesus macaque+ 0 0 0 0 

support care + antibiotic + blood 
transfusion+ blood products + cytokine 
No:nhuman primate+ rhesus macaque+ 0 0 0 0 
thromobopoietin +l(b)(4) 

Fb)(4) ~ platelet + megakaryocyte + 
I 

ionizing radiat ion + hematopoietic + 
hematopoies1s + neutropenia + 
thrombocytopenia 
Nonhuman primate + rhesus macaque + 0 0 0 0 
thromobopoietln 1M4) I 

(U/\ .. / I+ platelet+ megakaryocyte + 
radiation protection + miti£ation + 
therapy +f0 lC4J I 
Nonhuman primate+ rhesus macaque+ 0 0 0 0 
Ionizing radiation + hematopoietlc +-
hematopoiesis + neutropenia + 
thrombocytopenia +radiation 
protection+ mitigation+ therapy + 

ll(b){4) I 
No1nhuman primate+ rhesus macaque + 0 0 0 0 
Ionizing radiation + hematopoietic + 
hematopolesis + neutropenia + 
thrombocytopenia +support care+ 
antiblotic +blood transfusion+ blood 
products + cytok.ine 

Nonhuman primate + rhesus macaque + 0 0 0 0 
lh1 umobopoietln +f6)(4) I 

Fb>{4) J.. platelet + megakaryocyte + 
Ionizing radiat ion+ hematopoietic + 
hematopoiesis +- neutropenia + 
thrombocytopenia +radiation 
protection+ mitigation+ therapy+ 

ll0Jl4) I+ support care 
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+antibiotic+ blood transfusion+ blood 
products+ cytokine 

Summary: Results reveal that although there are specific hits in certain combinations, 
there is no duplication in terms of the work that is being proposed. References such as 
those from Farese, McVittie as well as Graham and others have been incorporated in 
specific sections of the present protocol. 

Ill. OBJECTIVE/HYPOTHESIS: The primary objective of the present study; is to' 
evaluate the beneficial effects radiation countermeasures (such a~!b)(Ol) I as 
measured by significant increase in 60-day post-i rradiation survival with the drug being 
administered post-irradiation (as a mitigator) in conjunction with supportive care {,such 
as intravenous fluids, blood products, nutrition and antibiotics). A signif1cafilt increase is 
considered 30% higher than the control treatment modality. 
Secondary objective(s) include studying hematopoietic recovery including neu1trophi l 
and platelet profi les, mean survival time (MST), incidence of febrile neutropenia (FIN), 
and infection, number of blood transfusions, and incidence and severity of diarrhea in 
the rhesus macaque. 

We hypothesize that f61
<
4
> lwill be an effective radiation countermeasure in 

NHPs and that drug administration postirradiation will enhance survival over and above 
the protection provided .by standard supportive care for immunosuppression {such as 
antibiotics and blood product administration). 

IV. MILITARY RELEVANCE: Nuclear proliferation, terrorist activity, and the distribution 
of nuclear and radioactive materials through underground networks make incidents 
involving radiation injuries increasingly likely. As explained in a recent Department of 
Defense (DOD) Report to Congress (www.acg.osd.mil/cp), Al-Qaeda is known to have 
ambitious plans to acquire or develop nuclear weapons and is receptive to outside 
nuclear assistance. That group has attempted to purchase enriched uranium. Nuclear 
fuel·cycle and weapons~re lated technologies have spread to the point that additional 
states may be able to produce sutticient fissile material to develop radiological 
weapons. In view of the increasing likelihood of radiation exposure and bioterrorism, the 
need tor field-able radiation countermeasures has been recognized as a high priority by 
the DO:D. 

Advances in radiation countermeasure strategies may enable military forces to 
operate, when required, in nuclear or radioactive combat environments while minimizing 
both short- and long-term consequences of exposure to ionizing radiation . Accurate 
casualty-prediction models promote effective command decisions and force structure 
planning. Advanced biological dosimetry methodology is used in triage, treatment 
decisions, and risk ass€ssment Together, the results of the three research thrusts 
impmve therapeutic strategies tor the treatment and prevention of early and long-term 
health effects and mitigate the risks to our personnel (AFRRI mission statement). 

V. MATERIALS AND METHODS 
V.1. Experimental Design and General Procedures 
The experimental design for the proposed nonhuman primate (NHP) studies will 
include: 
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1) Specif le aim 1 : Establish LD70/30 radiation dose with supportive care 
IFliedner TM et aL (2001) describe various categories of supportive care for patients 
exposed to accidental irradiation or in their acute phase of treatment. Four response 
categories (AC} have been identified. In AC1 , outpatient care is recommended and 
patients are allowed to recover on their own and no supportive care is deemed 
necessary. In RC2, patients are provided supportive care and substitution (blood 
component therapy). 1he present protocol and this specific experiment are 
compatible with the "RC2" clinical supportive care regimen. The RC3 group would 
require stimulation with growth factors in addition to whatever is applicable to be 
IRC2 supportive. Thus, "RC3" clinical supportive could be equated to the next 
specific

1
,im. which involves treatment with medical countermeasure agents (in this 

case,ll6Jl4 l In the fourth category, RC4, patients would require stem cell 
transplantation in addition to supportive care. 

In a recent publication (Farese et al. 2012), supportive care tor NHPs subjectted 
~o ionizing radiation has been reviewed extensively. The article indicates that 
supportive care studies such as the one being proposed here have been studied 
only to a limited e:xtent. There have been no studies with cobalt-60 gamma radiatiorn 
exposure and supportive care. However, based on historical data and that of Farese, 
et al. (2012), a dose modifying factor of 1.13 is suggested for supportive care 
studies. For example, if the LD70/60 dose is 7.0 Gy, then with supportive care the 
LD?0/60 dose will be 8.0 Gy." 

Farese et al. (2012) have provided LD50/60 and probit curve for supportive care 
in animals exposed to radiation from a 6 MV linear accelerator (LINAC). However, 
because the source and type of exposure differ from AFRRl's cobalt-60 pool type 
facility, the current protocol will test 3 radiation doses between 7.2 Gy and 8.5 Gy for 
establishing preliminary data on survival with supportive care. Although large 
numbers of animals are required to establish dose response relationship (ORR). nhe 
observations from these .sets will be used to identify an initial radiation dose for 
studying the effect otl<6X4) I 

Animals required: 3 radiation doses x 3 animals per radiation = 9 animals 

2) Specific aim 2: Study the effect of postirradiation dtug treatment on 60-day survival 
in anirflals r,eceivinq LD70/60 gamma radiation@ 0.6 Gy/min and supportive care,. 

Preliminary Dose Escalation Study (DES) data with l(b)(a) lin NHPs at AFAAI: 
Th~ r~search strategy for the present study is to extend our significant observations 
in fbl{4) !irradiated mice to a large-animal model. Use of a 11arge-
animal model is essential as per the FDA's "animal efficacy rule" tor advancement of 
radiation counterme r · -h · · r h. · ~ 
AFRRI supported b 

~6)l4l lthat the pro-' ' p-o-s-ed...,....,d-ru-g""""",.,.,.... ____ ...,.is- sa"""f"""e"""'to_r_u_s_e_w...,.it..,...h...,.N..,.,.H..,.,P""'"s-. """'F,,...ig_u....,.re 1 
shows preliminary data on enhancement of platelet 1 A in unirradiated animals 
administered a single sc injection of 8 mg/k <bX4> as well as changes in 
neutrophil counts (1 B). 
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(b)(4) 

IFigure 2 shows that a single sc injection otl(b)(a) !administered 
either pre· irradiation (-24 h) or post~irradiation (+24 h) resulted in survival and 
(ecovery of circulating platelets by day 18. The hon-drug treated animal, the control, 
although survived had a prolonged recovery (day 29). It is important to note that 
animals in these experiments received minimal supportive care which i1s different 
Wrom the current protocol Linder review. 

lD)\4) 

Figure 3 shows that a single sc injection ofl(bJ<4
) ladministeredl 

either pre-irradiation (-24 h) or post-irradiation (+24 h) resu lted in recovery of circulating 
platelets (Figure 3A) and neutrophils (Figure 3B) in irradiated (7 Gy). The control an1imal 
did not survive. 
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(b)(4) 

Note: The proposed IACUC protocol differs significantly from the ongoing· NHP study 
(Figures 1- 3) because all animals other than blood donor animals in th is proposed 
protocol will receive supportive care. 

Therefore; the following survival experiments will be conducted; 
Specific aim 2. Experiment 1: In this preliminary experiment, we will evaluate two time 
poinlts f1or drug administration. The drug will be administered either +6 h or +24 h 
postirradiation. 

PBS.Jte.bicte t_1.1_s__ed to dllute/suspendl<bJ(4l I 3 animals 
(bl<4

> administered sc 6 h postirradiation 3 animals 
administered sc 24 h postirradiation 3 animals 

Total: 9 animals 

Specific aim 2, experiment 2: Because this is a confirmatory experiment, only one time 
poinft that is optimum in response will be used (for example, either +6 h or +24 h) for 
drug administration. 

PBS vehicle used to dilute/suspend._l<6_R4
_J ~~~~ ..... 

< administered sc either 6 h or 24 h 
3 animals 
6 animals 

Total: 9 animals 

3) Specific aim 3: Multiple-dose regimen forj<6>t
4
> 

(b)(4) is effective when administered as a once~weekly injection for 8 weeks 
to idiopathic thrombocytopenia purpura (ITP). Our drug has not been tested as a 
multiple regimen although experiments.are in prowess at AFRRI (ongoingi NHP 
protocol}, we propose a three-dose reg1 men forl<6> 

4) I Three doses to b·e 
used are based on the potential benefit to animals recovering from radiation damage. 
We hypothesize that the drug will be effective in enhancing postirradiation survival of 
irradiated NHPs in a three-drug regimen, as shown below. 
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_Sg_e_cifLc_a.irn_3_,_e_xp_eJJm.ent1: Two-dosing regimens with three injections will be testedl to 
evaluate improved drug effieaey using the multiple injection modality. The drug for tlhese 
studies will be a nontoxic drug dose of 8 mg/kg. 

ihe experimental groups for this experiment are as follows: 

Control: PBS vehicle adr:lnist.en~d +. 6 h, +4 d, and + 1 o d - . . r )(4) ·d . . d Regnnen 1. a m1nistere . +6 h, +4 d. and + 10 d 
Regimen 2: administered +24 h, +4 d, and+ 1 O d 

3 animals 
:3 animals 
3 animals 

Total: 9 animals 

Specific aim 3, experiment 2: This is a confirmatory experiment in which one ot the two 
regijmens described above will be used. 
l he experlmental groups are: 

1. PBS vehicle administered as per one of the schedules: 3 animals 

2. IMt4) !administered as regimen 1 or Regimen 2: 6 animals 

(Regimen 1 ; +6 h, +96 h, and +240 h. Regimen 2; +24 h, +96 h, and +240 h) 

Total: 9 animals 

4) Blood donor program: There will be 10 donor animals that wllf provide whole 
blood for transfusion. Total: 10 animals 

Total number of animals for all studies: specific aim 1 (9) +specific aim 2 (18) ... specific aim 3 (18) 
+donor (10.) = 55. Ma'le donor animals will be preferred due to their larger size. Thereforer total 
number of males = 33 and females = 22. 

Drua orocurernent: 
(b){4) 

(b)(4) IThe drug has been well characterized by the company . .._ _____ ___. 

Irradiation 
Animals will not be fed in the morning of radiation in order to control potential 

radiation~induced vomiting. Animals will be anesthetized with ketamine {10~15 mg/kg 
IM) prior to transferring them to NHP-specific radiation plexiglass boxes. Additional! 
anesthetic will be administered at the discretion of the veterinarian or veterinary 
technician to keep the !Primates sedated during irradiation and transport. Animals will be 
transported to the radiation facility in covered carriers. For all radiation studies, a 
radiation dose rate of 0.6 Gy/min will be used, Radiation dose used will be 7,2-8.5 Gy 
(LD70/60), a dose that will resu lt in mortality of 70% of the irradiated NHP over a 60-day 
period with supportive care (described elsewhere). It should be noted that specific 
LD70/6·0 dose for NHPs using AFRRl's cobalt=60 gamma radiation facility with 
supportive care as described elsewhere in the protocol has not been determined. 
Far1ese et aL (,201.2) have demt>nstra.ted that suppdrtiv~ care itself provides a certain 
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degree of protection and increased survival. Therefore, Pl has projected a wide range of 
radiation doses for dose-determination studies. 

Description of supportive care: 

The supportive care can be divided into 4 major categories: 1) intravenous 
(parenteral) fluids, 2) blood products, 3) nutrition, and 4) antibiotics. Details on the 
indication/criteria for specific supportive ca.re are provided in Section V·4: technica~ 
methods. A brief description of each supportive care category is described bel1ow: 

Nutrition: This will consist of Bio-Serv-certified Rhesus Liquidiets or similar products 
and will be administered to control weight loss or anorexia. 

!Parenteral flulds: Ringer's lactate and Ringer's lactate with 5% dextrose in equal 
volumes or other products such as hetastarch will be administered to control 
dehydra~ion. 

Blood products: Whole blood or packed red blood cells will be obtained via a 
commercial source (see appendix), obtained from donor animals and irradiated at 2500 
cGy with a source in USUHS prior to transfusion and will be administered when 
thrombocytopenia and anemia are observed. 

Antibiotic(s) administration: Based on evidence of infection (neutropenia, and febrile 
neutronpenia). various antibiotics (a broad spectrum or those specific to Gram positive 
or Gram negative organisms) may be used. Blood samples will be collected prior to 
antibiotic treatment and 1 O days after ceasing antibiotic treatment to assess bacterial 
load. 

General: In addition to these supports, animals may receive analgesics and non
steroidal anti-inflammatory drugs as well as antidiarrheal agents. 
See Table 1 for details concerning supportive care. 

V .2. Data Analysis 
Survival study: 
For this protocol we will use the criteria of declaring a countermeasure or test agent as 
promising if a 30 percent increase in survival is observed over the vehicle-treated group 
exposed to a radiation dose producing approximately 70% (±10%) mortal it}.' over 60 
days postirradiation. This criterion is based on discussions with AFRRI an~(b)(a) Inn 
terms of assessing a drug for use in mass-casualty scenarios involving civilian 
populations, and has been used extensively in mouse studies to evaluate potential 
radiation countermeasures. The Exact Log Rank test (one-tailed) and the generalized 
Savage (Mantel-Cox) procedure (BMDP Statistical Software Inc., CA. available with an 
institutional statistician) will be used to compare survival of drug-treated and control 
groups in 1he radiation-survival experiments. In order to obtain the oum~er of animals, 
data on human volunteers using a similar class of compoundf6X4> lin terms of 
enhancement of platel~ts and variation between subjects ~lso was considered~ 

fbX41 I Further, multiple blood draws from the same animal over a 60-day pe~ 
was considered. Experiments with nine NHPs per group have 80% of power to detect 
significant differences between the drug-treated and vehicle controls. For these 
calcu lations, we assumed that type-1 error is controlled at 5%, type-2 error is 20% and 
sample sizes are equal between the different groups. 
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Demographic, hematology, vital signs, blood counts, chemistry. antibody levels, and 
cytokine estimations w111 be compiled as summarized using mean, standard deviation, 
minimum, median and maximum values, 

Vital signs will be summarized using descriptive statistics at each assessment time 
for each treatment group. 

V.3. Laboratory Animals Required and Justification 

V.3.l, N;on-aoimal Alternatives Considered: The effectiveness of drugs such as 
f6><

4
> !against radiation canno1 be adequately assessed using current in vitro 

technologies. The U.S. FDA recognizes the ethical considerations involved in testing the 
efficacy of radioprotective drugs in humans. Therefore, the FDA requires preclinical 
drug assessments (safety and efficacy) to be performed using both small and large 
animal models (FDA 2002) prior tb granting approval tor safety testing in humans, The 
proposed experiments will provide efficacy data with NHPs, one of the preferred large
animal models. If these studies are successful, full-fledged GLP studies will be 
conducted for safety and efficacy. GLP studies are very expensive and cannot be done 
with the grant for this study. 

V.3.2. Arnimal Model and Species Justification: Nonhuman primates {NHP) are 
necessary for t1he pre-clinical development of a drug candidate intended for use in 
humans, because drug metabolism and physiology are very similar between humans 
and nonhuman primates. Testing a drug with potential for human application in NHPs 
ensures safety and specificity prior to the drug entering into clinics. This is true 
especially because of safety risks and the chance of unexpected autoimmune or hyper
irnrnune reactions. Due to the species9 specific nature of irnmune reactions, the drugs 
can only be studied in vivo in hosts whose immune systems are very closely related to 
that of humans. Rhesus macaques are the model of choice for investigations of 
radiation injury and countermeasures because of the large database available from th:e 
existing literature that allows for robust comparison. The FDA has accepted rhesus 
macaques as the appropriate animal model far pilot and pivotal efficacy testing of 
radiation countermeasures under the Animal Efficacy Rule, · ,esting 
cannot be performed in humans. The safet and efficac o was 
demonstrated in mice { 

--

u, an ence, 1 is approprra e o con ,e presen se o 
experiments to advance the drug for human use. 

V.3.3. Laboratory Animals: Macaca mutatta (rhesus macaque) will be obtained from 
vendors registered with the USDA. 

V.3.3.1. Genus/Species: Macaca mulatta 

V.3.3.2. StrainfStock: Prreference will be given to animals of Chinese origin so that 
comparisons can be made with existing data on NHPs from AFRRI. Male and female M. 
mulatta are required that have been chair-trained, have normal cardiovascular 
parameters; no infactions or wounds or surgical traumas, and which have normal liver 
and kidney enzyme functions. 
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V.3.3.3. Source/Vendor: In general, the sources for these animals are commercial 
vendors registered with USDA. However, attempts will be made to obtain suitable 
animals from the DOD pool that would meet specifications stated in V.3.3.7. 

V.3.3.4. Age: Animals of 3 to 8 years of age are requested for the present study. 

V.3.3.5. Weight: Animals must weigh in the range of 4-8 kg. 
V.3.3.6. Gender: Male and female 

V.3.3.7. Special Considerations: In addition to the requirements listed in sections 
V.3.3.2 and V.3.3.3 above, nonhuman primates shall test negative for Herpes B Virus 
(aka, Macacine herpesvirus), simian T-cell leukemia virus type 1 (STLV-1 ), simian 
immunodeficiency virus (SIV), and simian retrovirus (SRV) Types 1, 2, 3, and 5. 
Animals shall also test negative by means of virus isolation or polymerase chain 
reaction (PCR) for SRV Type 2. NHPs will either be vaccinated for measles or, in the 
case of previously measles-vaccinated NHPs, tested for the presence of measles 
antibodies. 

Nonhuman primates coming from the vendor colony must test negative for 
Salmonella, Shigella and Campylobacter. The animals also must test negative for 
Klebsiella pneumoniae. On the advice of the attending veterinarian, in consultation with 
the Pl, the exclusion criteria for certain viral and bacterial pathogens may be waived. 

CBC and blood chemistry will be obtained from vendors for each primate and 
screened for abnormalities by an AFRRI veterinarian. Any abnormal findings will be 
discussed with the Pl and a determination of the fitness of the animal for use on the 
protocol will be made. Individual medical records will be maintained during the entire 
length of the study. Tuberculosis testing will be performed in accordance with VSD 
SOPs and results must be negative or the NHP will be removed from the study. 

V.3.4. Number of Animals Required (by species): 55 (total), 33 males and 22 
females 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement: 
One of the most significant refinements in the reduction of distress and hemorrhage 
would be the use of a vascular access port (VAP) for blood withdrawal. Graham et al. 
(2009) have demonstrated that VAP implants were successful and safe for use with 
primates. 

Chairing devices will be used as positional aids during the irradiation procedure as 
well as brief ( <1 hour) restraint for phlebotomy procedures. 

The use of chair-trained rhesus primates (preferably from vendor) will reduce stress 
on the animals during blood draw and injections. Acclimatization to bottle for oral 
supplementation such as drinking water, juices, Gatorade and electrolytes will be used 
to relieve discomfort from radiation-induced vomiting or diarrhea. Prior to placement of 
the animals within radiation-restraining chairs, they will receive light immobilizing doses 
of ketamine or Telazol (as determined by veterinarian) to reduce anxiety caused by 
movement. Time in the chair will be kept to a maximum of 1 h. In addition, the animals 
will be transported to the radiation facrlity in a covered cart to reduce the excitement of 
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being moved from their home cages to the radiation area. Over-the·counter medications 
will be provided in case of fever, diarrhea. vomiting, and bloating. 

To minimize animal suffering. pain; or distress, moribund animals (section V.4.) will 
be considered to have arrived at the study endpoint. Such animals will be euthanized 
and recorded as "mortalityn. 

Animals will be considered morbid when they display symptoms listed in V.4.5. 
Experimental animals that are morbid but not moribund will be allowed to continue in the 
experimental protocol with supportive care in order to evaluate effect of irradiation and 
the drug accurately. 

Animals will be considered moribund when showing some or all signs of morbidity, 
or appear severely debilitated and in terminal distress. Animals will be monitored a 
minimum of twice daily1 no sooner than 8 h apart, and appropriate actions taken when 
animals show signs of morbidity. Early endpoints (see 4.5, Study Endpoint) will be used 
in determining euthanasia. 

V.3.5.2. Reduction: ltoff"ation obtaijed in the dose-escalation study will allow us to 
determine the dose o ~bl( _to be used in radiation studies and, because we 
plan to conduct studies with oniy a limited number of animals (control/drug treated), we 
will halt these studies if adverse effects are seen during an experiment. Further, we 
propose to use multiple sampling points far blood collection and use individual animals 
as their own control that will lead to use of fewer animals in the protocol , in addition to 
appropriate study controls described in section 4.1.1.1.4} 

V.3.5.3. Replacement: None 

V.4. Technical Methods 
Animal procedures : Rhesus macaques (Macaca mulatta) will be pair-housed as much 
as possible after observing compatibility. Animals will be quarantined for a minimum of· 
37 days prior to the inception of the experiment. 

Surgical pro:Q§.dure will install vascular access port (YAP) in all experimental animals 
including donor animals based on veterinarian recommendation (see surgical section= 
V.4.3.2). 

Chair training: The vendor wlll provide basic chair training involving the pole-and-collar 
technique. This will be reinforced at AFRRI with additional training by VSD staff. 

Generalprocedu.r_e_s_:~~~~~~~~~~~~~~~~~ 
Drug formulation!tb)(4l j(Endotoxin, 
tested by Charles River laboratories) and the drug will be diluted appropriately in sterile 
PBS prior to injection (within 1-2 h after preparation). The drug will be maintained 
undiluted at 4 °c until injection. PBS will be used as control. Endotoxin testing results 
will be reported to the IACUC office. 

Details on medical management of infection, thrombocytopenia. and anemia are 
provided below. See table 1 in section 4.3.2 for greater details on the criteria for 
initiating medical management procedures. 

Evidence of Infection: Animals will be administered antibiotics as recommended by 
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the attending veterinarian or when a diagnosis of infection has been determined by 
blood culture or when there is evidence of neutropenia or FN that may be associated 
with infection. The Infectious Disease Society of America guidelines for treatment of 
humans are being followed for antibiotic administration in the case of neutropenia [i.e., 
antibiotics are recommended when prolonged and severe neutropenia ( <100 cells/µL) is 
expected for 7 or more days]. Antibiotics will be selected by the attending veterinarian 
based on: 

1) Institutional knowledge of potentially infecting organisms, 
2) antibiotic susceptibility of pathogens isolated locally, 
3) importance of broad-spectrum antibacterial activity, and 
4) the animal's infection risk assessment. 

Baytril® will be administered when the ANC (absolute neutrophil count) becomes 
<500/µL and will be continued until the ANG is 2:500/µL for two consecutive days. Blood 
collection will occur every day after Baytril is administered. Gentamicin will be initiated 
and administered for two days only, if FN (ANC <500/µL and body temperature 2:103 °F) 
is observed and is persistent during Baytril treatment. Gentamicin is effective against 
bacteremia partially because it stays in the bloodstream due to poor tissue absorption. 
Other possible antibiotics that will be used if resistance to Baytril has been 
demonstrated are third-generation cephalosporins such as Clavamox. Rectal swabs will 
be obtained for culture and sensitivity prior to irradiation to determine antibiotic 
sensitivity of normal gastrointestlnal flora. 

For microbial evidence of infection, blood (at least 1.0 ml) will be collected 
aseptically and inoculated into a BACTEC® culture vials and submitted to the testing 
facility. Blood culture will be performed on the first-day of FN to determine if antibiotic 
resistance has occurred. Blood cultures will be collected if FN (ANG <500/µL and body 
temperature~ 103 °F) is observed or any day the body temperature is 2:103 °F. 
Additional blood cultures will be collected 24 h after the first blood culture if FN persists 
and the preliminary bacteriology report of the first culture is either Gram negative or a 
Gram positive organism is identified. 

Preparation of Blood Products to Treat Thrombocvtopenia and Anemia: Whole 
blood for transfusions will be obtained from a pool of approximately 10 healthy adult 
donor rhesus macaques. Whole blood aliquots will be exposed to 2,500 cGy of ionizing 
radiation prior to transfusion in order to minimize rH factor complicatlons although this 
is minimal in NHPs. Packed RBC will be obtained from a commercial source and kept 
for a minimum period based on blood bank procedures and will be administered in 
preference to whole blood when PL T counts are satisfactory (2:100,000/µL with no 
clinical bleeding) but the Hgb or Hct remain low (Hgb <7 g/dl or Hct <20%). 

Blood collection: Blood samples will be collected according to appropriate VSD SOPs. 
See Table 3 for tentative blood collection scheme in the biosampling section. Blood (0.5 
ml to 1.5 ml/day) will be collected from a peripheral vessel or femoral vein or through 
VAP using a 22-25 G needle attached to a 3 ml (generally) syringe to reduce the 
chances of bleeding after blood collection in irradiated animals. A small aliquot (0.25 ml) 
from each sample will be taken immediately for CBC/differential. Further, 0.35 ml will be 
used to prepare serum that will be frozen at -70 °C for clinical chemistry and antibody 
measurements. 
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The area for the blood draw will be swabbed with providone-iodine (left in place for 
3 minutes) or isopropyl alcohol before inserting the needle. Providone-iodine will be 
swabbed off to reduce irritation to the tissue. The blood sample will be drawn as 
described above. While withdrawing needle, pressure will be applied at the same time 
with a clean gauze to reduce bleeding from the blood-draw site. While making routine 
observation of animals, the blood-draw site will be checked for bleeding. If the site 
becomes infected, topical antibiotics may be applied, under supervision by VSD. 

Study endpoints: Experimental animals will be euthanized based on a moribundity scale 
and in consultation with the attending veterinarian. Euthanasia will be carried out when 
any one of the following signs and symptoms of moribundity are observed as 
determined by protocol technicians, the Pl or by AFRRI veterinarians. Early end points 
will be used and are described in section V.4.5. 

Body weights will be determined at least once prior to treatment, on the first day of 
treatment, and twice weekly except when inappetence sets in (daily measurements). 
Body temperature (implanted chip, see section V.4.1.2.1 for chip implantation) will be 
determined daily beginning approximately one week prior to the first treatment. The time 
of temperature collection will be recorded for each monkey. On day 60, after the last 
blood collection, all surviving monkeys may be transferred to AFRRl's NHP pool. 

Identification of pain: NHPs demonstrate remarkably little reaction to surgical 
procedures and injury. An NHP in pain has a general appearance of misery and 
dejection. We will observe all irradiated animals for grimacing and glassy eyes, loud and 
persistent vocalization, avoidance of social interaction, and grooming. Gastrointestinal 
injury may be associated with abdominal pain displayed as facial contortions, teeth 
clenching, and restlessness. Headaches manifest by pressing the head against the 
enclosure surface. Self-directed injurious behavior may be a sign of more intense pain. 
Because most primates in pain will refuse food and water, daily food and water intake 
will be monitored closely. Further, response to familiar personnel and changes in 
willingness to cooperate may also indicate pain, which will be closely monitored and 
recorded. 

Euthanasia: Animals will be euthanized according to current American Veterinary 
Medical Association (AVMA) guidelines. See sections V.4.5 and V.4.6. 

Estimation of hematological indices: Blood (0.5-1.5 ml/day) will be obtained from a 
VAP or peripheral vessel using a heparinized 3 ml (mostly) syringe and a 22-25 G 
needle, generally from non-anesthetized NHP, and transferred immediately into pre
coated ethylenediaminetetra-acetic acid (EDTA, Sigma-Aldrich, St. Louis, MO, USA) 
tubes and mixed gently on a rotary shaker until analysis. The coded tubes will be 
analyzed for white blood cell (WBC), absolute neutrophil counts, monocytes, 
lymphocytes, reticulocytes, hemoglobin and platelet counts. 

Concomitant medication and medical management will be given if clinically 
indicated. Table 1 summarizes the conditions under which concomitant medications 
and medical management will be given as well as the procedure for providing care. 
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Table 1. Summary ot Plan for Medic;al Management and Medication Use 

DNg class Allowed medication or Indication and/or criterion tor admitHstration supportive care agents 

AnestheHcs Ketamine 1o±5 mg/kg, IM Anesthesia during procedures~ . Administered beiore animal manipulations to· 
minimize stress and anxiety. 

Sedatives Xytazine (Rompum®) 1 ::t 0.5 Sedation during procedures: 
mg/kg, either IM or SC When animals are restrained a mild sedative may 
Diazepam 1 ± 0.25 mg/kg, IM, be administered as fequir·ea. 

Analgesics Buprenorphine 0.01 Pain Management: 
and non- mg/kg/dose BID, IM, IV, or SC • Rimadyl® (Catprofen) can be administered as 

stemid·al anti- an alternative to buprenorphirie when evidence 
inflammatory Marcaine (0.25% of pain is present. 

OfUQ$ oupivacaine), topical 
Carprofen (Rimadyl®) 
2.04.0SID or BID, IM or IV 

Fever {temperature ~ 104 °F): 
Acetaminophen (Tylenol) 5-1 o . Carprcfen or acetaminophen will be 
mg/kg PO BID~OID adminiistered until the temperature remains 

below <104 °F for 2 consecutive days. 

Parenteral Equal voiume of Ringer's Dehydration: 
fluids lactate and Ringer's lactate . Mild to moderate dehydration (Grade 1 ) . 

with 5% Ringer's lactate arid Ringer's lactate with 5% 
Dextrose: each at 5 ± 2~5 dextrose eight via slow IV push. 
ml/kg body weight via slow IV . Severe dehydration (Grade 2). Ringer's lactat~ 
push; twice daily depending on by IV drip. 
extent of dehydration; or . Pedlalyte® or Gastrolyte® or similar commercial 
Ringer's lactate at 40 ± 5 solutions containing sodium. potassium, and 
ml/kg body weight by IV drip glucose may also be used if IV access is difficult 
over 2 hrs. or precluded. 

See Table footnote for definitions of severity grade. 
Pedialyte® or Gastrolyte® 
orally 15 ± 5 mUkg of body Fever (tem13eralure ~103 °F): 
weight 

Anti· Loperamide hydrochioride Diarrhea: 
diarrheal (lmodium), Initial dose 0.04 • At the first sign of soft to loose stools: lmodlum 

mg/kg PIQll) Diphenoxylate will be administered up to twice dally and should 
HCl/atropine sulfate (Lomotil), continue for 3 days. It may be stopped earlier 
o. 1 mg/kg. (2.5 mg/tablet) will than 3 days if the diarrhea resolves. 
be admifiistered BID, PO. The . Severe diarrhea or if lmodium has been 
2..5 mg tablei first will be adrnin1istered for 3 days, Lomotil, up to BID, PO 
dissolved in 5 ml of tap water. for 3 days. It may be stopped earlier than 3 days 
Then, 1 ml of the lomotil if the diarrhea resolves. If the diarrhea does not 
solution (0.5 mg/ml) will be resolve the Im odium treatment will be repeated. 
added to 5-10 ml tap water, 
with Oral Ringer's solution or 
liduid nutrition for 3 davs. 

Anti-ulcer Carafate 1 g/day, (0.5 g BID) For treatment of possible ulcers of the stomach or 
daily from days 5-30, PO proximal small intestine 
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Antibiotics 

Anti-emetics 

Blood 
products 

Enrofloxacin (Baytril®) 5 ± 2 
mg/kg, IM or IV or PO, S1D 

Gentamicin, 3 ± 1.5 mg/kg, IM 
or IV BID 

Clavamox, 6.5-13.5 mg/kg, 
PO, 010 or 
15 mgil<g, PO, BlD 

Im ipenem-ci las1a1i n 
(Primaxin®) 10 ± 1 mg/kg, IV 
or IM, BID 

Cefepime hydrochloride 
(Maxipime®) 40 mg/kg JV OID 

Ondansetron ( 1-2 mg/kg), IM, 
IV or PO 25-90 minutes prior 
to irradiation and 30-45 
minutes following irradiation to 
suppress emesis or 
Granisetron (0.25 mg/kg), PO 
or IV 
Whole blood or packed red 
blood cells will be obtained 
from a commercial source or 
obtained from donor animals 
and blood product irradiated 
@ 2500 cGy with a source in 
USU HS prior to transfusion 
Whole blood at 7 -14 mUkg 
or Packed red blood cells 
(RBC). 

Fluid replacement policy: 
Volume replacement with 
fluids wilt be subject to clinical 
decision. 

Note: Repeat blood collection 
from donor animals will be 
defined on the total volume 
collected each time, recovery 
period and other criteria as 
described by Diehl et al 2001 

Evidence of infection (microbial culture, 
neutropenia, and FN): Antibiotics will be 
administered when: 
• Pre-nadir febrile neutropenia (FN) (ANC 

<500/µL, body temperature ~ 103 °F) is 
observed. 

• When ANC <500/µL with the expectation of the 
development of a prolonged, severe neutropenia 
(ANC <100/µL). 

• Standard ve1erinary practice warrants 
administration, e.g., open wound. 

• Body temperature ~ 103 °F following a posi1ive 
blood culture. 

• Pending blood culture results, regardless of the 
ANC. 

Antibiotics will cease when: 
• No fever is observed and ANC increases 

2500/µL for two consecutive days 
• Fever is observed, blood culture for aerobic 

microorganism is negative and ANC increases 
21,000/µL for two consecutive days. 

• Administered pre-and post-radiation to 
suppress emesis 

Whole blood will be transfused if: 
• PL T counts are <20,000/D- and hemoglobin 

(Hgb) <7 g/dL or hematocrit (Hct) <20; 
• An animal experiences a 5-unit decrease in Hct 

in a 24-hour period that 
results in an Hct of :5 25%; 

• An animal that has previously received 
a transfusion demonstrates continued 
evidence of bleeding, such as bloody 
stools and/or any decrease in Hct 
relative to the most recent result 
obtained: or 

• If there is obvious evidence of uncontrolled 
hemorrhage. 

• An animal experiences a 7-10 unit decrease in 
Hct in a 24-hour period; or 

• An animal's Hct is :5 25% for 2 consecutive days 
and PL T counts are <3,000/~. 

Packed RBCs will be administered in preference to 
whole blood when PL T counts are satisfactory 
(:!:100,000/0- with no clinical bleeding) but the Hgb 
or Hct remain low (Hgb <7 g/dL or Hct <20 g/dL). 
• PL T counts are satisfactory(:!: 100,000/D- with 

no clinical bleeding) but the Hgb or Hct remain 
low (Hgb <7 g/dL or He <20 g/dL). 
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Barbiturates 0.4% pentobarbital sodium Euthanasia. 
(Euthanasia Iii), 0.27 mUkg 
lV Or 

similar pentobarbital solution 

Nutritional BIO·SERV certi fied Rhesus Weight Loss (Ahorexia): Nutrillonal support will 
Support Liquidlets be administered via 

oral gastric tube when body weight is <85% of 
baseline and will be continued as long as the body 
weigh remains <85% of baseline, and the anlmal is 
hOt eating. In the case where an animal loses its 
ability to regain weight foilo\vfng irradiation despite 
actively eating and drinking, uutrit ion::tl 
suppleme.nmrion vi fl oral gastr ic tube m<iy be foregone in 
nrder to avoid daily ;rnesrhesfa. 

Detiititi<ms ·of severity gri1de of dehydrr1tion: Grad!! I and 2, milcJ to mmlcrate dehydration. Symptom~ include 
(J i111i1)i:!lll'd :\kin rnrgor, dry mucoul\ nll:nlhn1nc~. dry nose, i 11trc•L~cd hcnutllk rit, m1ll sunken cyc11·. Grudc 3, scv~rn 
dehydration. S ympton)s include all of the abcwe plus rapid and we'1k puli>e. cold extremities, cyano~is, le-thargy, 
rupid brnathing. anll t:omutose. 

V.4.1. Pain/Distress Assessment: 

V.4.1. 1. AIPHIS Form 7023 Information: 

V.4.1.1.1 . Number of Animals: 55 

V.4.1.1.1.1. Column C ~(need to be naive animals} _ (# of animals) 

V.4.1.1.1.2. Column D 

V.4. t .1.1 .3. Column E 

V41114P. Ct . . . . . . ain a eaory 

10 (# of animals) 

_45_ {# of animals) 

As . t s1gnmen s 
Exp.# Experimental.IControl Group 

Exp #1 Dose finding study 

Exp#2 Drug +6 or +24 h 

Exp#S Drug rnuliiple regimen 

Donor anirnals 

Totals: 

V.4.1.2. Pain Relief/Prevention 

c D E 

9 

18 

18 

10 

10 45 

Totals 

9 

18 

18 

rn 

55. 

V.4. t .2.1 . Anesthesla/Analgesla/Tranqulllzatlon microchips will be implanted under 
k~ltamlne sedation (10-15 mg/kg, IM), Bone marrow biopsy will be done only for 
survMng animals subjected to ionizing radiation and only at the end of the experiment 
(60 days). lt may be obtained under the same dose of ketamine or another suitabl!e 
anesthetic determined by the veterinarian. Anesthetic and analgesics required for VAP 
surgery also will be procured by Pl. Microchips may be placed during the initial physical 
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examination. If necessary, a drop of surgical glue will be placed at the chip-insertion site 
to ensure that the chip stays in place. 

Bone marrow collection is expected to be a painful procedure. As such, the primates 
will be under general anesthesia at the time of marrow cell harvesting. NHPs will be 
sedated with ketamine IM in order to facilitate placement of an IV catheter or mask (as 
recommended by the veterinarian), and the animal is intubated and maintained on 
isoflurane at a surgical plane of anesthesia. Additional local anesthesia with Lidocaine 
(approximately 1 ml) will be provided at the marrow-harvesting site on recommendation 
of the staff veterinarian. Bone marrow sampling will be performed in the VSD surgical 
suites under aseptic conditions. Primates also will be administered opioids such as 
Buprenorphine at a dose of 0.01-0.03 mg/kg IM twice daily or more frequently if needed 
to relieve the stress and pain. Because bone marrow aspirates and/or core biopsy will 
be obtained at the end of the experiment (60 days), pain relief provided at that time will 
not interfere with the overall outcome of the experiment (see additional information on 
bone marrow collection under Surgery). 

V.4.1.2.2. Pre- and Post-procedural Provisions Animals will be assessed for signs of 
pain and distress by either the veterinary or research staff at least twice daily or more 
often as needed according to appropriate VSD SOPs. Before procedures that require 
general anesthesia, NHPs will be fasted for 12 h prior to administration of anesthetic. 
Clinical signs of acute radiation sickness (e.g. diarrhea, vomiting, and fever) can be 
treated with over-the-counter medications on the advice of a VSD veterinarian. For any 
NHP not taking in sufficient food and/or water, additional foods can be offered to entice 
them to eat. In addition, NHPs will be prior-acclimated to feeding syringes and sipper 
bottles by vet techs and lab techs associated with the project to allow for the use of 
supplemental oral fluids if dehydration is noted. Criteria for euthanasia are listed in 
Section V.4.5. 

V.4.1.2.3. Paralytics: No paralytics will be used in this study 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched: Agricola (1974 to present), Pubmed (1946 to 
present), and Altweb 

V.4.1.3.2. Date of Search: April 8, 2013 

V.4.1.3.3. Period of Search: See above (v.4.1.3.1) 

V.4.1.3.4. Key Words of Search: See table below 

V.4.1.3.5. Results of Search: See table below 

Keywords 
AGRICOLA Pub Med 

Altweb 
1974-present 1946-present 

alternatives to painful procedures 2 119* 148 
primates+ bone marrow harvesting 0 79• 7 
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primates + radiation 7 39117• 6 

primates + blood draw 0 597• 53 

primate +pain 2 16598· 0 
thromboQoietin + primate -t 12ain 0 O" 1 

vascular access port+ pain 0 5* 1 

vascular access port + pain + primate 0 3• 107 

suooortive care + pain 0 64" 1 

supportive care + pain + primate 0 41* 3 
blood transfusion + pain 0 S2* 0 

blood transfusion + pain + primate 0 37" 0 

" Includes data from other species 

fhe literature search did not indicate specific alternatives to pain other than what is 
described below. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification There are no 
alternativ,e procedures for irradiation because it is a unique stimulus/stress that cannot 
be otherwise duplicated. Radiation does not cause pain or distress. Nevertheless, the 
sequelae of nausea, vomiting, and diarrhea cause pain and distress in humans in the 
early post-irradiation period, when high doses (8 Gy and above) are used. Although 
radiation does not induce pain, animals in these experiments might experience pain and 
distress prior to death because of hematological and gastro-intestinal damage. 
l herapeutic guidelines to address pain and distress are addressed in section V.4.1.2.2. 

Bacteria translocated from the alimentary canal may cause infections that result in 
discomfort either locally or systemically. Many opportunistic pathogenic bacteria have 
unusual or even unique virulent characteristics but they have common attributes, 
including binary multiplication and penetration of tissues, and cause common responses 
and disease process in animals. which cannot be mimicked readily by substitutes. The 
investigators and animal=care staff will provide as much comfort and well=being to the 
animals as is consistent with the SC. ientific integrity of r~~r~ ~:0, The princi.ple 
purlPose of these studies is to evaluate the efficacy of (bl l lin enhancing 
surviva~ of irradiated NHPs. As stated, bone marrow, penp era · lood, liver and kidney 
(liver and kidne~ analysis done by_b~~ cbemjstry wiJ: th~ ~em~tologica.1 studies~ 
analyses also will be performed afte )() d1111nistrat1on. Monbund animals 
will be euthanized in con ·1 . ion with VSD's veterinarian. 

We expect that will provide some relief from pain and or discomfort 
due to the sequelae o 1rra 1at1on y its protective effect and by the possibility that it will 
advance hernatopoietic recovery in some or all of the~6>t4> ~reated and 
irradiated primates. 

V .4.2. Prolonged Restraint The Guide for the Care and Use of Laboratory Animals 
and the AFRRI IACUC Policy Letter discuss "prolonged restraint" guidelines. The 
devices used during irradiation (chairs) are for positioning the animal, not for restraint. 
Primates will be sedated during irradiation and transport. The restraint devices will not 
be used as the normal method of housing. 

V.4.3. Vascular access port (VAP) surgical procedure 
General anesthesia: 
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• Premedication: Ketamine (10-15mg/kg IM+ Atropine: 0.05 mg/kg JM), or 
Glycopyrrolate (0.005-0.01 mg/kg IM) 

• Induction: 3-5% lsoflurane in 100% oxygen by mask 

• Maintenance: 1-3% lsoflurane in 100% oxygen via endotracheal tube or mask 

• Anesthesia monitoring: At least Sp02, heart rate, respiration rate, and temperature 
will be monitored and recorded throughout the procedure. 

• Antibacterial prophylaxis: Cefazolin IV 20-25 mg/kg one time or Ampicillin 15-20 
mg/kg IV one time. 

• IV fluids: During the procedure, animals should be maintained on isotonic fluids at 5-
10 ml/kg/hr via an IV catheter. If the catheter cannot be placed after 4 attempts, this 
step will be skipped as VAP placement is a quick procedure and involves accessing a 
vein so VAP should be available for intraoperative fluid administration once it is in 
place. 

• Site of VAP catheter placement: Jugular vein or femoral vein or saphenous vein. No 
more than 1 site will be used per animal. 

• Site of VAP port placement: Subcutaneously adjacent to vein or tunnel the port to the 
site that will be safe and easily accessible in a restrained animal (such as in between 
the shoulder blades on the back or caudal thigh or caudal lateral part of the chest). 

• Preparation of the site: Hair will be clipped using a surgical #40 blade or equivalent. 
The site will be scrubbed at least 3 times using either betadine or chlorhexidine and 
70% alcohol. 

• Procedure: VAP catheters will be implanted surgically in the vein under general 
anesthesia according to the principles of aseptic surgery. A 5-7 cm incision will be 
made on the skin at the site of catheter placement. Vein will be isolated by doing a 
blunt dissection. The catheter tip will be introduced through a 2-3 mm incision in the 
vein and secured properly using absorbable or nonabsorbable sutures. Prior to 
insertion of the VAP catheter, it will be flushed with heparinized saline solution (100 
IU of heparin/ml). VAP port will be placed subcutaneously and connected to the 
catheter tunneled through the subcutaneous tissue. The VAP will be checked for 
patency before securing it to the subcutaneous tissue. The VAP port will be flushed 
and locked with heparin lock solution (1 OOIU of heparin/ml). The surgical site will be 
closed using the standard technique using the layer suture technique with absorbable 
or non-absorbable suture. Special attention will be given to eliminate any dead 
space. 

• Post Op care: Baytril 5-10 mg/kg IM or PO bid for at least 5 days or longer as 
needed. Buprenorphine 0.01 mg/kg IM immediately after the procedure. Carprofen: 
2.2 mg/kg IM or PO bid for at least 3 days or longer as needed. 

• Restraint used to access the VAP: Either chemical (Ketamine 5-10 mg/kg IM) or chair 
restraint. 

• Please note: Alternative anesthetics, analgesics and antibiotics may be used as 
deemed necessary by the veterinarian. 

• Animals will be used only once for this purpose or any other survival surgical 
procedure unless the subsequent use is a terminal procedure. 

Note: VAP installation in minipigs subjected to irradiation has been well documented 
(Ege et al 2006). According this article, VAP will be functional 2 weeks after surgery. 
The following general precautions and procedure will be followed: VAPs need to be 
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flushed at least weekly- blood could be drawn at this first flush but would have abnormal 
blood parameters and post-operative drugs (pain meds, antibiotics, etc.). The minimum 
time before return to normal would be 2 weeks, which would be the day -7 blood draw, 
so minimum 3 weeks between VAP implantation and irradiation will be the norms. 

Bone marrow surgical procedure: 
• General anesthesia 

o Premedication-ketamine: 5-15 mg/kg JM 
o Induction: 3-5% isoflurane in 100% oxygen by mask 
o Maintenance: 1-3 % lsoflurane in 100% oxygen by endotracheal tube or mask 

• Anesthesia monitoring: At least Sp02, heart rate, respiration rate, and temperature 
will be monitored and recorded throughout the procedure. 

• Site of bone marrow: iliac crest 
• Procedure: Animal will be positioned appropriately (dorsal or ventral, or lateral 

recumbency). A sterile drape will be used to cover the site (survival study). 
o Biopsy: A stab incision (1-2 cm) will be made. A 13-16ga bone marrow biopsy 

needle will be advanced through the incision into the cortex of the bone. The 
stylet will be removed and the needle advanced 1-2 cm with gentle rotation and 
rocking of the needle. The needle is then retracted and advanced, slightly before 
being gently removed from the bone. The included expeller is used to remove the 
sample from the needle and placed in a cassette with foam insert, if necessary, 
which is then put in 10% formalin for fixation and processing. 

• The incision will be closed with tissue glue or a suture after bone marrow collection. 
Either a non-absorbable nylon or absorbable monocryl suture will be used to close 
the skin. 

• Additional precautions will include: 
o Antibacterial prophylaxis-Cefazolin intravenous (IV) or subcutaneous (SC) 20-

25 mg/kg one time or Ampicillin 15-20 mg/kg IV or IM one time. 
o Animals will be used only once for this purpose. 
o Preparation of the site of bone marrow collection-The site will be prepared as a 

surgical procedure: hair will be clipped, the site area scrubbed 3 times with either 
betadine or chlorhexidine and 70% alcohol. 

V.4.3.1. Pre~surgical Provisions Prior to general anesthesia for all surgical and 
procedures, all NHPs will be fasted for 12-18 h. 

V.4.3.2. Procedure(s) 
Microchips are inserted under ketamine anesthetic after animals clear quarantine. The 
chips are used to monitor body temperature and are pre-loaded in a specially designed 
needle/syringe device that is inserted subcutaneously between the shoulder blades. 
Once the chip is deposited, the needle is withdrawn and the skin is pinched between 2 
fingers for about 10-20 seconds to ensure that the chip itself (about the size of a grain 
of rice) does not dislodge out through the puncture site. If a chip fails, a second chip will 
be inserted. If necessary, a drop of surgical glue will be placed at the puncture site to 
ensure that the chip stays in place. 

Bone marrow collection: Described under general surgery section 
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VAP installation: Described under general surgery section 

V.4.3.3. Post-surgical Provisions Incision monitoring, antibiotics and pain relief will be 
provided at the discretion of the staff veterinarian for bone marrow collection and VAP 
surgery. 

V.4.3.4. Location All surgical procedures will take place in the VSD surgical suite. 

V.4.3.5. Surgeon AFRRI veterinarians will perform all surgical procedures. 

V.4.3.6. Multiple Major Survival Operative Procedures No major multiple surgical 
procedures will be performed on animals used in this protocol. 

V.4.3.6.1. Procedures N/A 

V.4.3.6.2 Scientific Justification N/A 

V.4.4. Animal Manipulations 
V.4.4.1. Injections Trained personnel will carry out Injections (subcutaneous, 
Intramuscular) within the scope of VSD SOPs. 

Drug injection: The drug in sterile PBS will be freshly prepared from a liquid 
formulation on the day of injection. Depending on the drug concentration and dilution, 
injection volume may vary 1 to 5 ml animal/injection. 

Needle: Drug will be administered to restrained animals using 22-25G needle and 2-
5 ml syringes. 

V.4.4.2. Blosamples Chair restraint of rhesus primates tor the purposes of 
phlebotomies was previously discussed as a technique to obtain blood samples over a 
short period of time that would reduce stress to the animals. Should technical issues 
with chairing and blood collection arise, sedation with ketamine may be used as an 
alternative at Pl's discretion. 

Blood will be collected on days as shown in Table 2. This will include 3 pre
irradiation time points. The hematological data from these points will be averaged and 
used as the control data for the specific animal. Additional blood collections will provide 
experiment specific data on hematology, blood chemistry, cytokine profile and CFU as 
indicated in Table 2. 

Table 2: Blood collection; time-points and volumes (SA:2) 

PK CBC CFU/chemlstry/ Culture Time of blood draw 
(0.5 ml) (0.5 ml) 

cytokine (1.0 ml) Total blood, ml 
(0.5 ml) 

-7d + + + 1.5 
-3d + 0.5 
-2d + + + 1.5 

Day-1 
(pre-TBI iniection) 

Irradiation (Day O) 
Day 1 {post-TBI injection) 
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Dav 2 + + + 1.5 
Dav4 + + + 1.5 

I-

Dav6 + - 1.5 
Dav8 + + + 1.5 
Dav9 + + -;- 2.0 
Dav 10 + + + 1.5 
Dav 11 + + 1.5 
Dav12 + + 1.5 
Day13 + + 1.5 
Dav14 + + 1.5 
Dav 15 + + 1.5 
Dav16 + + 1.5 
Dav 17 + + 1.5 

~~~18 + + 1.5 
Dav 19 + + 1.5 
Day 21 + ... + 1.5 
Dav28 + 0.5 
Oay35 + + + 1.5 
Dav42 + + 1.0 
Dav 49 + 0.5 
Dav 60 + + 1.0 

TOTAL 33.() mis 

V.4.4.3. Adjuvants N/A 

V.4.4.4. Monoclonal Antibody· (MAb) Production N/A 

V.4.4.5. Animal Identification The animals are identified by indelible markings on their 
chest area and or inner thighs. If the primate is not tattooed upon arrival, a VSD colony 
number will be assigned and tattooed onto the chest or inner thigh. 

V.4.4.6. Behavioral Studies No behavioral stud"ies will be performed in this 
experimental protocol. 

V.4.4.7. Other Procedures None 

V.4.4.8. Tissue Sharing: None 

V.4.4.9. Anlmal By-Products: Blood products such as Irradiated blood or packed 
RBCs 

V.4.5. Study Endpoint 
Primary endpoint: The primary study endpoint is 60-day overall survival. 
Study endpoints (primary) 
1. Weight loss: Loss of more than 20% body weight over baseline. Normally animals 

will be weighed twice a week: however, if inappetence sets in then we will monitor 
weight at frequent intervals (daily if required). 

2. lnappetence: Complete anorexia for 2 days with deteriorating conditions based on 
clinical examination. 
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3. Weakness/inability to obtain food or water: Inability or extreme reluctance to stand 
that persists for 4-6 h, assuming the animal has recovered from anesthesia. 

4. Minimal or absence of response to stimuli (animal does not move when prodded), 
assuming the animal has recovered from anesthesia. 

5. Core body temperature: below 35.9 °C following a period of febrile neutropenia 
(~500 x 103 cells/µI), monitoring by way of microchip will be done on a daily basis. 

6. Severe acute anemia: (<40 g/L hemoglobin, <13% hematocrit). 
7. Infection documented by blood culture (septicemia) and accompanied by severe 

systemic signs of illness. 
8. Other signs of severe organ system dysfunction with a poor prognosis as 

determined by a veterinarian that may need additional diagnostic tests: 
8.1 Respiratory: severe dyspnea, severe cyanosis. 
8.2 Gastrointestinal: severe vomiting or diarrhea, evisceration (immediate 

euthanasia required). Note: Transient vomiting and diarrhea are expected 
results of total-body irradiation (TBI). Therefore, as criteria for euthanasia, 
these symptoms should be severe and lite-threatening i.e., hemorrhagic 
diarrhea to the point of causing anemia as listed above or severe 
u nco m pen sated d eh yd ration. 

8.3 Urogenital: renal failure characterized by elevated BUN, and creatinine. 
8.4 Neuronal: CNS depression, seizures, paralysis of one or more extremities. 
8.5 lntegumentary: Non-healing wounds, repeated self-trauma, severe skin 

infections, indicating severe organ system dysfunction with a poor prognosis. 

Technical note: One or more criteria will be used to euthanize animals in consultation 
with a veterinarian. 

V.4.6. Euthanasia Animals will be euthanized according to current American Veterinary 
Medical Association (AVMA) guidelines. All animals first will be anesthetized with 
ketamine (IM, 5-10 mg/kg). Animals will be euthanized with sodium pentobarbital (IV, 
100 mg/kg), under the guidance and supervision of a staff veterinarian. After euthanasia 
solution has been administered, the animals will be examined by VSD veterinarian or 
technician to confirm death. A full-body necropsy and histopathologic analysis will be 
performed after death has been confirmed. 

V.5. Veterinary Care Animal procedures performed at AFRRI will be in compliance with 
the Animal Welfare Act and the Guide for the Care and Use of Laboratory Animals. The 
AFRRI facility is accredited by Association for Assessment and Accreditation of 
Laboratory of Animal Care (AAALAC) International. 

V.5.1. Husbandry Considerations All NHPs will be housed according to IAW VSD 
SOPs. 

V.5.1.1. Study Room All animals will be assigned room(s) designated by VSD staff. 

V.5.1.2. Special Husbandry Provisions Routine and emergency veterinary medical 
care: Animals will be quarantined for 4-6 weeks on arrival and chair-trained during the 
quarantine period. Each animal will be observed twice daily for evidence of pain or 
distress. Body weights will be determined at least once prior to treatment, on the first 
day of treatment, and at periodical intervals or when chaired for blood collection. Body 
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temperature will be determined using a microchip installed in irradiated animals. 
Regular temperature will be measured during blood collection schedule when the 
animals are chaired, Animals will be qualitatively assessed twice daily (a.m, and p.m.} 
for general behavioral status and food consumption. Additional observation points will 
be added based on recommendation from attending veterinarian and will depend on the 
heallth of experimental animals. Appropriate standard operating procedures will be 
followed by staff veterinarians in the event of pain or distress. 

V.5.1.3. Exceptions NIA 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care All primates will be quarantined for 4-6 
weeks prior to any experiment. Animals will be tested for TB. Also, note the 
requirements given under V.3.3.2 and V.3.3.3 above. 

All NHPs will be observed at least twice per day by veterinary staff (IAW VSDM SOP 
2002, Animal Health Rounds). A veterinarian and a veterinary technician will provide 24 
h emergency care to the animals if needed (IAW VSO SOPs). When animals become ill 
or debilitated, a veterinarian will be contacted immediately to assess the animal and 
provide adequate/emergency care. If the animal becomes moribund, it will be 
euthanized according to current American Veterinary Medical Association (AVMA) 
guidelines. 

V.5.2.2. Emergency Veterinary Medical Care The on-call veterinary officer will be 
available via telef2hone 24 h dai'J' The on-call. roster is located outside .the VSD 
conference rooml<b><5> on the bulletin board and at the security watch desk. 
These procedures are in accordance with VSD SOPs. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy In these studies, all primates will receive regular 
enrichment (JAW VSDM SOPs). 

V.5.3.2. Enrichment Restrictions None 

VI. Study Personne IQ ual1fications and raining 
NAME I DEGREE I TRAINING I DATE PROCEDURES 

(bllOJ 1 
1 
1 
1 

1,2.3, 4, 5, 6, 
1,2,3, 4, 5, 6, 

ProCecll~re and m2ntp1Jlat1on codes: 
Code 1 ~ Animal tiamJlling anel eulhanasta 
Code 2 = Sur9ery (aseptic tetlin'1q.,eJ pre· and post·ope(ative eare 
Code 3 = lnjeclJons (3a-ip, 3b·sc. 3c·gavage)-Can say 311 trained in all manipulations or add 3d-lv 
Code 4 = Blood collection under anesthesia (4a,cardiac, 4b•posterior vena cava) 
Code 5 = Tissue collection (after euthanasia)-Need nol be specific 
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Code 6 = Implantation (provide details) 
Code 7 = Others-Provide protocol specific manipulations or procedures for e.g., retro"orbital bleeding, tail vein injection, or drug 
delivery 
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X. ASSURANCES 

ProtocoJ Title: 

As the Princfipal Investigator on this protocol. I acknowledge my responsibilities and provide assurances 
for the following; 

A Animal Use: The animals authorized for use in this protocol will be used only in the activities, and 
in the manner described herein, unless a modification is speclfically approved by the IACUC prior to its 
i m plem entatio n. 

6. Duplication of Effort~ I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

c. Statistical Assurance: I assure that I have consulted with a qualified individual wt!O evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed fm scientific validity win be used. 

D. Biohazard/Safety: i have taken into consideration and made the proper coordination regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth. in the preparation of this protocol. 
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e. Training: I verify !hat the personnel performing the animal procedures J manipulations I 
obseivations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulatiions. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrativ-e obl:igations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern tor the health, comfort, welfare, and well=being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of thl:l fourth "A", namely, 
"Responsibility," which the DOD has embraced for implementing anlmal-use alternatives wnere feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposM animal use protocol has received appropriate peer scieniti fic. 
r·eview and is consistent with good scientific research practice, 

H. Painful Procedure(s): 11 AMI/ AM NOT conducting biomedical experiments, which may 
potentially cause more than momentary or slight pain or distress to animals. If appltcable, potential pain 
and/or dlstress{i[g/ WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers . 
I have considered alternatives to such procedures; however, 11 have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment 

l(l1)(6) I __ 8/2612013 __ 
Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 

Abbravial~=n~s~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ALC - absolute lymphocyte count 

ANC - absolute neutrophil count 

BFU-E - Burst forming unil=erythroid 

BUN - Blood Urea Nitrogen 

CBC - complete blood count 

CFC- colony forming cells 

CFU - Colony forming unit 
CFU·GEMM - ·granulocyte, erythrocyte, 

HPP-CFC - high proliferative potential colony forming cells 

IM - intra muscular 

ITP = idiopathic thrombocytopenia purpura 

MNC - mono nuclear cells 

MoF - multi-organ failure 

MST - mean survival time 

NHP - lion-human primate 
PAHA -primate humeral an1ibody 

monocyta and magakar.,_o""'c"-·t=a ____________________________ _ 
CFU·GM -granulocyte, monocyte 

CHO - Chine Hamster every 

cMpl·r - a thrombopoietin receptor 

DES - dose escalation study 

DAR - dose response relationship 

DTPA - radioisotope chelating agent 

ECL probe - electrochemicalluminescece probe 

Fe - Fragment crystallizable, part of Fe receptor 

FN - febrile neutropenia 

G-CSF - granulocyte·colony stimulating factor 

GLP - Good Laboratory Practices 

HAHA - hon;an humoraf antibody 

H-ARS - hematopoietic acute radiation syndrome 
HPP·CFC - high proliferative potential 
colony-forrning ... ce,,..l=ls __ _ 

PBS - phosohate buffer saline 

PCR - polymerase chain reaclion 

PK - pharmacokinetics 

PL T - platelet related parameters 

rhSCF - recombinant human stem cell factor 
~~~~~~~~-

s c = subcutaneous 

SOP - standard operating procedure 

TBI - total body irradiation 

TPO - thrombopoietin 

V AP - vascular access port 

VSD - veterinary science department 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(AUGUST 2011) 

Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (A WAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be ma~ed NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-va!idated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited . To do otherwise would constitute 
a breach of statutory regulat ions. Manipulations not covered in the originally approved protocol can be 
Init iated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard formal is maintained. In 
other words, all or the labeled paragraphs and subparagraphs in this template rnusl be retained, wi th 
additional in1ormation being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g .. concepts, ideas. 
experimental approaches. etc.). some of which is innovative or original and therefore considered 
proprietary to the investigators and/or the sponsoring agency. All Government and non-Government 
personnel handling this protocol shall exercise EXTREME CARE. to ensure that the information 
contained herein is NOT DUPLICATED OR DISCLOSED, in whole or parl, for any purpose 01her than to 
evaluate the protocol , wiltlout the written permission of the principal investigator or the sponsoring 
agency. 
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Department of Defense Sponsored Animal Research Proposal 
Signature Coordination Sheet 

FOR IACUC USE ONLY 
PROlOCOLNUMBERfDK~ I 

Sl.bmisslon Date: 7/1812013 2"° Resubmission Date: 

Approved/Returned IOI' Revis.ion: 817i2013 ApprovedJApproval Withheld by IACUC: 

1" Resubmission Date: 10/8,12013 EXPIRATION CATE: 

Approved/Returned for Revision: 1012312013 Previous Protocol Number {ii related) 

SECOND TIER REVIEW 
(if reauired) 

Submission Date: Approvec11Aeturned for Revision: 

ApprovedtRe1umed for Revision: 2°~ Resubmission Date: 

1" Resubmission Date: Approved/Approval Withheld: 

NOTES to Pl : 
• To OISPLA Y this Word document's red-text instructions, R~ew """' Dmtoper 

single-click Word's Show/Hide bulton {shown, right). 
located In Word's top-of-page panel (click Word's 
"Home• tab if Show/Hide isn'1 displayed). 

• To HIDE the red-text instructions, single-click the 
Show/Hide button again. 

r 

10122/2016 

• For each section and subsection, enter your 1ext into the underl ined data field ( ) only. Do not 
make entries into tl'e red-text instruction text. Single-click your mouse cursor m the data field, then 
begin typing. 

I. NAME OF FACILITY: Armed Forces Radiob iology Research Institute 

II. PROTOCOL NUMBER: ..... l16_X6_) ___ __, 

UL PROTOCOL TITLE: Evaluation of tilorone as a novel radiation countermeasure 
candidate using laboratory mouse model (Mus musculus) 

IV. PRINCIPAL INVESTIGATOR: 
IM(6) IM .D. Date signed: 
Radiation Countermeasures, SRO 
Teli (6)(6) I Fax:"'l(b ... )< ... 6) ____ _ 

E-mail :(<6)(6) I 
V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 

and is consistent with good scientific research practice. 

j{l>X6} !PhD, Lt Col, USAF 
Head. Scientit!C Research Department, AFRRI 
lolophone:l\bl<6) I Fax:lt .. b .... >< ... 6) ____ __. 
fb>(6> I 

Date 

VI. STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that the number of animals used is appropriate 10 obtain sufficient data and/or is not 
excessive. and 1he statistical design is appropriate tor the intent of the study. 

2 of 19 



l~:b~><B~>..,...,..~~~~~IPhD 
Statisticiao 
r erephone:""Fb"""'>~=5)----1 Fax:r(61 

f6)(6) 

Date 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipula1ions that may 
eausiil more than slight or momentary pain er distress, even if r~lieved by an@stM1ics or analgesics, 

Date 

VIII. SAEELY_ClEEl~.EB: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFAR/ Form 310, EHS Researcn Protocol Hazard Analysis) 

Date 

IX. IACUC AfPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Lllse Committee m1 -----

(Date) 
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PROT10COL TllTLE: Evaluation of tilorone as a novel radiation countermeasure 
candidate using a laboratory mouse model (Mus musculus) 

~BINClw INVESTIGATOR: 
I( Jlm' _JM. D. Date signed: 
Radleitlon Countermeasures, SAD 
Tel :116)(6) I Fa:d ... (b_><6_> ___ _ E-mail: l_l0_>!5_·1 ______ __, 

CO-INVESTIGATOR(S): 

AFRRI SCIENi1IFIC RESEARCH PROTOCOL NUMBER~ 

I. NON:fECHNICAL SYNOPSIS Exposure to ionizing radiation causes rapid 
hema~opoletic cell damage and bone marrow suppression. Radiation afso Induces 
damage of the gastrointestinal (GI) system. This multiple organ failure can result ini 
.hu.man .. ar1danima1 .. <iJeatn·nOver several decades. many candidate drugs have been 
tested, However, highly e'tl'ec'tive countermeasures are still lacking. Because radiation 
injuries are heterogeneous disorders that influence many pathophysiological pathways, 
a broader approach may increase the likelihood that we can prevent damage. or sustain 
repair in mass casualty scenarios. We propose to explore the protective and 
mitigative/therapeutic effects of small molecule tilorone dihydrochloride (tilorone). on 
mouse hematopoietic and GI system after different doses of total-body y-irradiation 
(TBI). 

II. BACKGROUND 
11.1. Backgr·ou nd 
lntrodl!lction: Nuclear proliferation, terrorist activity, and the distribution of nuclear and 
radioactive materials increase the risk of radiation injury incidents. Injury after prompt 
radiation of hematopoietic and GI tissue occurs over a period of hours to days (2. 3}. N1o 
countermeasures for acute radiation syndrome (ARS) have been approved by the FDA, 
partly due to the fact that the mechanisms of radiationMinduced multiple organ cellular 
and molecule damage and mortality are extremely complex and poorly understood (4). 

c: I Small-molecule tilorone 
dihydrochloride (tilorone) is one of several compounds that have been tested in a drug 
screening program. according to previous reports (5, 6). Preliminary data from the 
screening program demonstrated that tilorone at very low dosage (7.5 mg/kg) 
significantly enhanced 30°day survival in lethally y<irradiated mice. Administration ot 
tllorone as a single subcutaneous (SC) injection 24 h before or 6 h after irradiation 
rescued 69% and 56%> of mice from 9.0 Gy irradiation-induced death comoared with 
25% survival for vehicle-treated mice. In addition, llbJ(4J 
(0)(4) 

<bJ(4J I Consistent with AFRRI studies, Kim and 
colleagues recently reported a radiation-mitigation function by tilorone after high 
throughput screening of small molecule libraries for modifiers of radiation responses in 
murine T lym1Phocytes (7). However, the underlying mechanisms of Ulorone aiding the 
survival of irradiated mice are unclear. 
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fllorone is the first to be recognized as an orally active Interferon (IFN) inducer, 
developed in the 1970s by Richardson Merrell, Inc. (US Patent 3592819, filed Dec. 30. 
1968, Ser. No. 788,038) (8). Tilorone is a oroac-spectrum antiviral agent active in vivo 
(9, 1 O) tor viral infection therapeutics and prophylaxis (flu. hepatitis A, B, herpes 
simple)(). Although it has been widely used in the Ukraine since March 2005, tilorone is 
hot available in the USA as a pharmaceutical-grade drug. 

Drug-toxicity assays showed that the LDso for a single dose, oral administration in mice 
is 959 mg/kg, and intraperitoneal administration is 145 mg/kg (Krueger, Mayer). 
Although the drug has a high capacity to induce interferon in vivo, no antiviral effects 
were seen in cell cultures; even at high concentration, suggesting an indirect stimulation 
in vivo (8). 

AFRRi tuxicity studies: Limited toxicity studies were conducted at AFRRI using the 
up-and-down method for evaluating drug toxicity. CD2F1 mice (6/group) were SC 
injected with a single dose of 30-150 mg/kg tilorone in PBS and observed for, adverse 
effects. All mice injected with 150 mg/kg of tilorone died within 5 minutes ot drug 
administration; our Veterinary Sciences Department pathologist concluded that death 
was due to CNS (central nervous system) effects rather than systemic toxicity. When 
the tilorone dose was reduced to 50 mg/kg, no adverse effects were monitored and 
tilorone was considered safe for single administration. 

Hypothesis of the mechanisms of increased survival in radiated animals by 
tilorone: It was well known that exposure to ionizing radiation leads to rapid 
hematopo1etic cell damage and bone marrow suppression. Radiation also induces 
damage of the GI system, such as loss of intestinal crypts, damage of crypt stem cells, 
and breakdown of lhe GI mucosa! barrier. Failure of these organs can res1Ult in human 

(bXG) (b)(4) and .. animat death0As a countermeasure candidate, tilorone significantly enhanced 
30-day survival in lethally y-irradiated mice. It may reverse the effect of radiation on 
these organs and protect them. In our study, the mechanisms of the effect of tHorone on 
these hematopoietic and GI systems will be addressed. 

Studies at the molecular biological level showed that tilorone is an effective activator of 
the hypoxia inducible factor=1 (HIF=1 that rovides ro h laxis a ainst stroke and 
s lnal cord in'ur · 11 . lnterestin I 

(b)(4) 

(bJ<5J.<bl<4
> REDD1 is a target of HIF=i, which is induced strongly under 

ypox1c con 1t1ons , 4) and subsequently inhibits a downstream protein kinase, 
mTOR, to regulate cell growth (15). We hypothesize that tilorone-induced HIF-1 
activation is associated with its radio-protective and/or mitigative effects. 

In this study., we ipropose to evaluate the protective and mitigation/therapeutic effects of 
tilorone on mouse hematopoietic and GI system after different doses of y-radiat~on. We 
expect that the preliminary data from our study could provide sufficient information to 
support our hypotheses that tilorone is a valuable radiation countermeasure candidate, 

s or 19 



and guide us to further characterize the effects and mechanisms of tilorone-induced 
survival in y-irradiated mice. 

11.2. Literature Search for Duplication 
11.2.1. Literature Sources Searched: BAD, NIH Reporter, PubMed, FEDRlP 
11.2.2. Date of Search: June 20-August 27, 2013 
11.2.3. Period of Search 
All available years. BAD: FY1998-FY2011; NIH Reporter and PubMed: includes 
MEDLINE (1966-present) and OLDMEOLlNE (1950-1965); FEDRIP (up to August 27, 
2013) 
11.2.4. Key Words of Search: tilorone and ionizing radiation 
tilorone and hematopoietic cells and radiation damage 
tilorone and gastrointestinal tissue and radiation damage 
tilorone and radiation countermeasures 
tilorone and stress signaling 
11.2.5. Results of Search: Articles for all tilorone studies= 407 
Articles for tilorone and radiation studies = 9 
Articles for tilorone and ionizing radiation studies = 4 
Articles for tilorone and hematopoietic cells studies = 1 O 
Articles for tilorone and gastrointestinal cells studies = 2 
Articles for tilorone and radiation and hematopoietic cells studies = 1 
Articles for tilorone and radiation and gastrointestinal cells studies= O 
Articles for tilorone and stress signaling = 0 

Most of the articles suggested that tilorone is an inducer of interferon-1 (IFN-alpha), 
which induces natural killer (NK) cells and lymphocyte activity. Orally administrated 
tilorone can induce IFN-a production in the intestine and systemically (Munakata et al. 
2008). Ratan, RR et al. (11) reported that tilorone or its analogs are novel potent 
activators of hypoxia-inducible factor-1 (HIF-1 ), which provides prophylaxis against 
stroke and spinal cord injury. Four articles (one in vivo and three in vitro studies) 
reported the effects of tilorone on ionizing radiation (including 90Sr, gamma- and 
helium-alpha irradiation), and the in vivo study was focused on helium-alpha irradiation 
(5). Recently, Kim, Ket al. (7) reviewed the data from a drug discovery high-throughput 
screening (HTS) in vitro program (assay system endpoints included radiation-induced 
genotoxicity and DNA damage in yeast and apoptosis in murine lymphocytes) and 
suggested that tilorone has radioprotection and moderate mitigating activity. Their 
conclusion is that in vitro study has limitations and is unable to fully recapitulate all 
aspects of the complex in vivo acute radiation response. 

The proposed study has no overlapping with published data. 

Ill. OBJECTIVE/HYPOTHESIS: In the present study, we propose to evaluate the 
radiation-protective (before irradiation) and mitigative (post-irradiation) effects and 
mechanisms of tilorone on survival of y-irradiated mice. 

IV. MILITARY RELEVANCE: Currently, there is no safe and non-toxic radioprotective 
agent available. Military personnel potentially are exposed to ionizing radiation in 
various scenarios. Thus, there is an urgent need to develop clinically safe, potent and 
non-toxic radioprotective agents. Developing countermeasures to radiation exposure is 
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a top priority for the U.S. Department of Defense. We propose to conduct a study to 
further explore the protective and mitigative/therapeutic effects of this very promising 
candidate of countermeasure, tilorone, on survival of mice after exposure to different 
doses of y-radiation. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

Mice: Twelve- to 14-week-old male CD2F1 mice (Harlan Laboratories, Indianapolis, IN) 
will be used in all experiments. 

Animals will be housed in plastic micro-isolator cages on autoclaved hardwood-chip 
contact bedding with free access to food and acidified water (pH: 2.5-3.0) in a facility 
accredited by the Association for Assessment and Accreditation of Laboratory Animal 
Care, International (AAALAC-1). Animals will be grouped randomly (criteria-weight within 
10%, etc.) for different treatments prior to each experiment and re-housed (6-8 to 
animals per cage). 

Tilorone drug preparation and administration in mice model: Mice will be weighed 
before drug administration. Tilorone dihydrochloride (tilorone) is a water-soluble, small 
molecule compound and will be purchased from Sigma-Aldrich (St. Louis, MO). It will be 
freshly prepared and administered at a single dose of 40 mg/kg subcutaneous (SC) 
injection in 0.1-0.25 ml volume based on data from AFRRl's screening program. 
Phosphate buffered saline (PBS) will be used as solvent and vehicle control in animal 
studies. 

Radiation: Mice will be placed in ventilated Plexiglas containers and exposed bilaterally 
to y-radlation in the AFRRI cobalt-60 facility at doses of 0 (sham-Irradiation), 7, 9, 10, or 
12 Gy at a dose-rate of 0.6 Gy/min. Sham-irradiated mice will be treated exactly the 
same way as the y-irradiated animals, except the cobalt-60 sources will not be raised 
from the shielding water pool. After irradiation, mice will be returned to their specific 
cages, thereafter animals will be monitored for 30 days after 7, 9or10 Gy, and for 20 
days after 12 Gy irradiation. For survival studies there will be 20 mice/group. To 
evaluate the effects of tilorone on survival of mouse hematopoietic and GI tissues, each 
treatment group will include 6 mice and two separate experiments will be conducted. 

V.1.1. Experiment 1 
Survival study 
This study will consist of 5 treatment groups, na'fve, vehicle, and tilorone-treatment at 24 
h before (-24 h), or 6 or 24 h postirradiation (+6 h or +24 h). A single dose of tilorone 
(40 mg/kg) or PBS vehicle will be injected subcutaneously into mice. Drug-treated mice 
weighing 25 ± 2 g will receive 0.1 ml of tilorone; injection volume will be adjusted for 
mice weighing more than 28 g. Control mice will receive 0.1 ml of vehicle (PBS). All SC 
injections of tilorone and vehicle will be performed aseptically in the nape of the neck 
with a 23G needle. Each treatment group will receive four doses (7, 9, 10 or 12 Gy) of 
radiation at a dose rate of 0.6 Gy/min in the AFRRI cobalt-60 radiation facility. Animals 
will be irradiated in Plexiglas boxes (8 animals/box). After irradiation, the mice will be 
returned to their specific cages, thereafter animals will be monitored for 20-30 days. 
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V.1.2. Experiment 2 
Evaluate the effects of tilorone on survival of mouse hematopoietic tissues after 
y-irradiation 
CD2F1 mice (6/group) will be given 7 or 9 Gy irradiation or sham-irradiation as control. 
A single SC dose of tilorone (40 mg/kg) or vehicle control will be administrated to mice 
24 h before or 6, or 24 h after irradiation. At different time points (1, 7, 14, 21 and 28 
days after radiation), blood and bone marrow (BM) from femurs and humerus, sternum, 
and spleen tissue will be collected from the sham-irradiated and y -irradiated mice for 
various experimental assays. Animals will be anaesthetized prior to blood collection via 
cardiac puncture and then a confirmatory cervical dislocation will be performed before 
tissue collection. The collected blood will be analyzed for hematological study. The total 
myeloid cell numbers and the viability from individual mouse BM will be counted at 
indicated time points and the BM cell clonogenicity will be determined by colony-forming 
assay (16) to evaluate the effects of tilorone on survival of mouse hematopoietic stem 
and progenitor cells (HSPC). Cell death and apoptosis markers and cell surface 
phenotypes will be analyzed by flow cytometry on freshly collected BM tissue. lmmuno
fluorescence staining, immunoblotting (western blot) assay for y-H2AX, TUNEL assay 
and neutral comet assay will be used to evaluate radiation-induced DNA damage. 

BM pathological changes will be evaluated in HE-stained mouse sternum longitudinal 
sections. BM structure, BM hemorrhage and cellularity (especially megakaryocyte 
restoration) (17) will be examined. 

The production of cytokines and chemokines in mouse serum and HSPC and spleen 
cell lysates will be evaluated using cytokine array and ELISA assays. Levels of 
hematopoietic cytokines and inflammatory cytokines including G-CSF, Flt-3 ligand, IL-1, 
IL-4, IL-6, IL-8, IL-1 O, and interferon will be measured. 

V.1.3. Experiment 3 
Examine the radioprotective and mitigative/therapeutic effects of tilorone on 
mouse gastrointestinal (GI) tract 

At different time points (12 h, 3.5 days, or 1 o days after radiation), blood and jejunum 
tissue will be collected from tilorone-treated and vehicle-treated mice after sham- or y
irradiation (1 o or 12 Gy) for mechanism studies. Animals will be anaesthetized prior to 
blood collection via cardiac puncture and then a confirmatory cervical dislocation will be 
performed before tissue collection. 

HE-stained mouse intestinal tissue slides will be examined for intestinal mucosal 
surface area, crypt cell apoptosis, intestinal crypt colony generation, and villi. We will 
collect segments of proximal jejunum 12 h, 3.5 days or 10-12 days after TBI (0, 10 or 
12 Gy) to study the effects of tilorone on mouse intestinal crypts and GI mucosal barrier 
protection. 

Plasma citrulline concentrations will be determined. The plasma level of citrulline is a 
well-validated biomarker for functional enterocyte mass. A decrease in citrulline levels is 
a characteristic of radiation injury. The correlation between plasma citrulline levels and 
more conventional markers of intestine radiation injury will be addressed (18). 
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Cytokine release from jejunum mucosal will be measured and compared in different 
treatment groups. The effects of tilorone on radiation-induced inflammatory cytoklne 
production in mouse jejunum mucosa will be evaluated. 

Radiation-induced intestinal bacterial translocation in the liver, heart blood and spleen, 
and radiation-induced sepsis will be quantified by bacterial translocation assay (19). 
Radiation-induced bacterial translocation starts around day 7 and peaks around 2 
weeks after TBI. Analysis of bacterial translocation will be performed on days 10-12 
after exposure to 1Oor12 Gy TBI. The samples collected from heart blood, liver, and 
spleen will be applied to a special medium and cultured for bacteria growth. Single 
colonies of isolated microorganisms will be observed for their morphological 
characteristics. Gramstain characteristics will be determined by Gram staining. They will 
be subcultured and a pure culture will be analyzed by a Vitek 2 Compact automated 
system to determine the type of bacteria. 

Total number of animals: 1696 male CD2F1 mice will be used. 

Experiment 1 Survival study: 
Na"ive, vehicle- and tilorone-treated (24 h before, 6 h and 24 h after TBI) = 5 groups x 7, 
9, 10or12 Gy TBI (4 radiation doses) x 20 mice/group= 400 mice 

Experiments 2 and 3: Sham-irradiated mice will be shared between Experiments 2 and 
3. Experiment 3 will need to use an extra 3.5-day post-radiation group. 

Sham-irradiated section = 2 groups (vehicle and drug) x 6 animals/group x 6 time points 
after drug treatment = 72 animals 

Irradiated section for Experiment 2 = 2 groups (vehicle, drug) x 6 animals/group x 3 
drug-giving times x 5 sample collection time points after irradiation x 2 radiation doses 
(7 and 9 Gy) = 360 animals 

Irradiated section for Experiment 3 = 2 groups (vehicle and drug) x 6 animals/group x 3 
drug-giving times x 3 sample collection time points after irradiation x 2 radiation doses= 
216 

Sum of 72 + 360 + 216 animals= 648 animals x two experiments (statistically required) 
= 1296 

Total animals required = 400 + 1296 = 1696 

V.2. Data Analysis 
The differences in 20- and 30-day survival of mice will be analyzed by Kaplan-Meier 
analysis. Differences between means will be compared by ANOVA and by Student's t 
tests. P<0.05 will be considered statistically significant. Results will be presented as 
means ± standard deviations. 

V.3. Laboratory Animals Required and Justification 
V.3.1. Non-animal Alternatives Considered: In AFRRl's drug-screening program, the 
preliminary data of the effect of tilorone on animal survival after irradiation are based on 
in vivo studies. As a start, we would like to conduct in vivo study first because the 
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responses of various tissues and organs to the radiation and the radio-protective effect 
of tilorone are linked directly to that in the previous survival study. Radiation-induced 
adjustment in cellular tissue homeostasis triggered by various molecular responses 
related to inter- and intracellular signaling causes both acute and late effects depending 
upon the interactions in different organs and tissues in animal models. The 
morphological changes in tissues can be seen only in tissues obtained from the 
animals. The hematological analysis and cytokine and chemokine measurements can 
be performed only from blood collected from the animals. Therefore, the observation of 
changes in hematopoietic and GI systems after exposure to radiation will be more 
meaningful using an in vivo model for the proposed study. 

V.3.2. Animal Model and Species Justification 
The murine model is the most well-defined animal model for research. The mouse was 
chosen over other animal models because of extensive published data that is readily 
available for comparison, review and analysis. The mouse model has significant 
hematological and immunological similarities to higher animals and humans. AFRRl's 
staff has extensive experience with mice, including male CD2F1 in radiation injury and 
countermeasure research. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus/Species 
Mice (Mus musculus) 

V.3.3.2. Strain/Stock 
CD2F1 

V.3.3.3. Source/Vendor 
CD2F1 from vendor approved by VSD (Harlan-Indianapolis, IN, preferred) 

V.3.3.4. Age 
12-14 weeks 

V.3.3.5. Weight 
24-30 g 

V.3.3.6. Sex 
Male 

V.3.3.7. Special Considerations The mice must be pathogen-free, specifically for the 
following agents: Pseudomonas aeruginosa, Klebsiella pneumonias, Proteus morgani 
and Pasteurella. In addition, all mice need to be free of the following viral agents: 
Sendai, Pneumonia Virus of Mice (PVM), Reovirus-3 (Reo 3), Mouse Adenovirus (MAD-
1, MAD-2), Mouse Cytomegalovirus Virus (MCMV), Ectromelia, K virus, Lymphocytic 
Choriomeningitis Virus (LCM), Epizootic Diarrhea of Infant Mice (EDIM), Hantaan virus, 
Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse Minute Virus (MMV), 
Mouse Thymic Virus (MTV), Theiler's Mouse Encephalomyelitis Virus (TMEV/GDVll), 
Encephalitozoon cunicull, CAR bacillus, Mycoplasma pulmonis, and Clostridlum 
piliforme. Endoparasite- and ectoparasite-free. 
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V34N b fA. • d (b . } um er o n1ma s reqU1re . y_!P.ec1es 
~ _,_.._., 

Animal Original All previous 
(genus. species and commoh names) amendments 

CD2F1mlce 1696 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5. 1. Refinement 
None. 
V.3.5.2. Reduction 

This 
amendment 

We shall make every effort to minimize the use of non=necessary animals. Control 
groups will be shared between experimental groups. At every stage of the research, 
plans will be reevaluated in light of incoming data in an attempt to reduce the numbers 
o1 experiments and groups. 

V.3,5.3. Reptacement 
None. 

V.4. Technical Methods 
V.4.1. Pain I Distress Assessment 
V.4.1.1. AIPHIS Form 7023 Information 
V.4.1.1.1. Number of Animals 
V.4.1.1.1.1. Column C: o (#of animals) 
V.4.1.1.1.2. Column D: Vehicle- or drug-injected and sham-irradiated mice 144 (#of 
animals} 
V.4.1.1.1.3. Column E: All irradiated mice 1552 (#of animals) 
l he maximum experimental period is 30 days. 
1696 (#of animals) 

V41114P' Ct . .. . . . ain a egory As. t s1gnmen s 

Exp.# Experimental/Control Group c 
, Survival study 

, IR·induced hematopoietic syndrome 

2 IA-induced GI syndrome 

Totals: 

D E Totals 

4100 400 

72 720 792 

i 2 4132 504 

144 1552 1690 

Mice in pain category D (144) will be anesthetized for blood collection by cardiac stick, 
which causes more than momentary pain and distress. Mice in pain category E (1552) 
will be irradiated and they will not receive any anesthesia or analgesia to relieve them 
from radiation=induced pain/distress. 

V.4.1.2. Pain Relief/Prevention 
V.4.1.2.1. Anesthesia/Analgesia/Tranquilization 
For blood sample collect1on, animals will be anaesthetized with isoflurane 1-3% in 
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100% oxygen using the anesthesia machine in the AFRRI IACUC-approved rodent 
procedure room. Blood will be drawn by cardiac puncture (or from the inferior vena cava 
if the ''cardiac stick" method is unsuccessful) in mice anesthetized by isoflurane 
inhalation. Animals will be euthanized by cervical dislocation immediately after blood 
collection and then tissue samples will be taken. 

V.4.1.2.2. Pre- and Post-procedural Provisions N/A 
V.4.1.2.3. Paralytics: No paralytic agent will be administered. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched 
AGRICOLA, PubMed 

V.4.1.3.2. Date of Search 
June 20-July 30, 2013 

V.4.1.3.3. Period of Search: List AGRICOLA-1976-present 
PubMed: includes MEDLINE (1966-present) and OLDMEDLINE (1950-1965) 

V.4.1.3.4. Key Words of Search 
Irradiation or Pain and Distress or Alternatives or Animal Model; Mouse or Irradiation or 
Pain or Alternatives; Tilorone or Treatment or Irradiation or Mouse; Blood Collection or 
Mouse or Cardiac Puncture or Alternative. 

V.4.1.3.5. Results of Search 
Irradiation with ionizing radiation is not a painful process but it induces various changes 
in the body and kills hematopoietic cells and gastrointestinal epithelium. In irradiated 
animals, the immune response is compromised and opportunistic infections may ensue. 
There is no less painful or distressful alternative found that can be used to develop 
protective and mitigating agents for irradiation. No references were found suggesting 
any effect of tilorone, or PBS on pain or distress. There are alternatives for blood 
collection by cardiac puncture in a mouse, such as tail vein and facial vein blood draw, 
etc. However, none of these alternatives can provide more than 0.1-0.2 ml of blood. We 
will need about 1 ml of blood sample to run all the tests for our experiments. Therefore, 
we will be using cardiac puncture for blood collection. Blood also may be drawn from 
the inferior vena cava if the "cardiac stick" method is unsuccessful. However, we will do 
so while the animal is anesthetized and as a terminal procedure. Therefore, it will not 
cause more than momentary pain or distress. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
There is no alternative to the in vitro system and no less painful/distressful in vivo 
system is available to test new therapies against acute irradiation syndrome. Thus, we 
have to use this mouse model to test the protective and mitigative/therapeutic effects of 
tilorone on mouse hematopoietic and gastrointestinal systems after different doses of 
gamma-irradiation. 

Furthermore, we will need to collect about 1 ml of blood sample to run all the tests for 
our experiments in the proposed study. However, there is no other alternative available 

12 of 19 



to obtain 1 ml of blood from a mouse other than via use of a cardiac stick. Therefore, we 
will be using cardiac puncture for blood collection, while the animal is anesthetized. 
Therefore, it will not cause more than momentary pain or distress. 

V.4.2. Prolonged Restraint N/A 

V.4.3. Surgery 
V.4.3.1. Pre-surgical Provisions N/A 

V.4.3.2. Procedure(s) N/A 

V.4.3.3. Post-surgical Provisions N/A 

V.4.3.4. Location N/A 

V.4.3.5. Surgeon N/A 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures N/A 

V.4.3.6.2 Scientific Justification N/A 

V.4.4. Animal Manipulations 
Mice will be anesthetized by isoflurane. Anesthesia will be induced in a properly 
scavenged chamber using 2-3% lsoflurane in 100% oxygen. Once they are recumbent 
and start to take slow and deep breaths, they will be maintained on 1-2% isoflurane via 
nose cone. Mice will be placed in dorsal recumbence. Toe pinch will be used to make 
sure they are deeply anesthetized before doing the procedure. A 23-27G needle with 
bevel up will be inserted through the diaphragm lateral to the xiphoid process and will 
direct the needle forward and medially toward the heart. Approximately 1 ml of blood will 
be collected by gentle pulling of the plunger. At the end of blood collection, mice will be 
immediately euthanized by cervical dislocation while deeply sedated. 

V.4.4.1. Injections We will use 25- to 30-gauge needles for SC injections of 0.1 ml PBS 
or tilorone in the nape of the neck. PBS will be used as control. Injections will be carried 
out in AFRRI IACUC-approved procedure rooms. 

V.4.4.1.1. Pharmaceutical Grade Drugs N/A 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 
Tilorone is not available in the USA as a pharmaceutical-grade drug. It will be 
purchased from Sigma-Aldrich Inc., St. Louis, MO. Tilorone is water soluble and can be 
dissolved in PBS (using PBS will allow for an acceptable pH level for SC injection) for 
injection solution. According to standard practice in approved AFRRI protocols, there 
have been no injection site reactions in these mice using the proposed volume (0.1 ml) 
and route (SC) for tilorone in PBS. 

The drug is supplied as sterile and will be dissolved in sterile filtered PBS under aseptic 
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conditions. A solution of 40 mg/ml tilorone in PBS has a pH of 6.6, which is well within 
the acceptable range for SC injections as stipulated by IACUC (pH 6-8). The endotoxin 
titer for the Sigma-Aldrich research grade drug was <0.068 EU/mg; the FDA limit is 
0 .15 EU for a 30 g mouse-1. Tilorone will be freshly prepared using PBS. 
V.4.4.2. Biosamples 
Blood, bone marrow, spleen, and jejunum tissue will be collected from the sham
irradiated and gamma-irradiated mice. Mechanism studies will be performed using 
these tissue samples. Heart, liver, and jejunum will be collected for bacterial 
translocation study. 

V.4.4.3. Adjuvants N/A 
V.4.4.4. Monoclonal Antibody (MAb) Production N/A 
V.4.4.5. Animal Identification N/A 
V.4.4.6. Behavioral Studies N/A 
V.4.4.7. Other Procedures N/A 
V.4.4.8. Tissue Sharing N/A 
V.4.4.9. Animal By-Products N/A 

V.4.5. Study Endpoint 
In the proposed study, the animals will be euthanized by a maximum of 20-30 days. 
We will follow the IACUC policy letter (Operating Policy #10) on early end points. We do 
anticipate that the animals will become morbid during this study. However, we will not 
consider death as an endpoint in this study. If the animals become morbid as described 
in the policy letter on early end points, we will increase monitoring and will euthanize the 
animals immediately if they are found to be in moribund condition. Our staff is 
experienced in evaluating the health status of mice. However, we will consult the VSD 
veterinary staff if we have any questions evaluating the health status of our animals. We 
will use the clinical signs as described in the IACUC policy letter on early end points to 
categorize the animal as morbid or moribund. 

1 Limit for endo1oxin is 5.0 Endo1oxin Units (EU) per kg for the maximum dose to be administered in a one 
hour period. Center for Drug Evaluation and Research, .. Guideline on Validation of the Limulus 
Amebocyte Lysate Test as an end product Endotoxin test for human and animal parenteral drugs, 
biological products and medical devices", p10. 
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vm. Appendix A: Clinical Observations with Criteria for 
Euthanasia (Rodent) 

DATE: 

Appearance: 

Respiratory rate: 

Time: Animal ID# 

No1n1al {smooth coat, clear eyes/nose) 
Hunched and/or fluffed 
Ocular discharge. and/or edema 
Emaciated. dehydrated (skin tent)•• 
Soft stools (fecal matter around anus) 
Bloody diarrhea 

Score 

0 
I 
3 
5 
5 
9 

No1n1al breathing O 
Increased breathing {double normal rate, rapid, shallow) 6 
Abdominal breathing (gasping+/. open mouth breathing)• \2 

General Behavior: 
Normal (based on baseline observations) O 
Suetching of hind limbs with abdominal motion {writhe) or grimace (App.Band C) I 
Decreased mobility 2 
Atmda, wobbly. weakn 6 
Inability to stand• 12 

Provoked Behavior: 
Normal (moves when cage is disturbed, runs from hand (mice) or investigates (rat)) O 
Subdued; responds to stimulation (moves away briskly) I 
Subdued even to stimulation (moves away slowly) J 
Unresponsive to gentle prodding'* 6 
Does not right when placed gently on side within 5 seconds• 12 

TOTAL 

Definitive criteria for morbidity: 
Weight Loss up to to% baseline (if available) .. 
Pale, white mucous membranes/ skin • • 
Fever> 104F/40C (if available)•• 

"'• Regardless or score, notify appropriate person 
immediately. 

Score: 
<6 Normal 

Definitive criteria for moribundity: 
Weight Loss > 20% OR <15g (adult mouse)• 
Blue mucous membranes/ skin (cyanosis)• 
Cool to the touch or <86F/30C (if available)• 

" Regardless of score, immediately euthanize 
(death is imminent) 

6 - 9 Morbid: Monitor at least 3 times per day; notify appropriate personnel immediately 
> I 0 Moribund: Notify responsible personnel immediately for euthanasia (if no single criteria is 12•) 
Any single criteria of 12• euthanize immediately; consider as 'found dead' 

V.4.6. Euthanasia: Animals in experiments involving blood collection will be 
anesthetized with isoflurane before blood collection. After blood collection, confirmatory 
cervical dislocation will be performed while the animal is still anesthetized. 

For the non-blood collection groups, before tissue collection animals will be euthanized 
by C02 inhalation as per the AVMA Guidelines on Euthanasia. 
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Time of euthanasia: For Experiment 1, time of euthanasia will be 30 days after animals 
receive 7, 9 or 10 Gy of irradiation, and 20 days after receiving 12 Gy irradiation; for 
Experiment 2 it will be 1, 7, 14, 21 and 28 days post-irradiation; and for Experiment 3 it 
will be 12 h, 3.5 and 10-12 days post-irradiation. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations: Husbandry care will be done as per VSD SOPs. 
Mice are social animals and will be housed together in groups. Nesting 
material/igloos/shelters will be provided in each cage. Animals will receive Harlan 
Teklad Rodent Diet (w) 8604 and water ad libitum. Acidified water (pH 2.5-3.0) will be 
provided. Cages will be regularly changed and cleaned by VSD staff. Animal rooms will 
be kept on a 12 h/12 h light/dark cycle. 

V.5.1.1. Study Room As assigned by VSD 

V.5.1.2. Special Husbandry Provisions N/A 

V.5.1.3. Exceptions 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 
Routine veterinary care will be provided as per VSD SOPs. Experimental animals will be 
observed at least once daily by our staff. However, if the animals become morbid and 
more monitoring is needed, our staff will increase monitoring to 2-3 times daily. Our 
staff will monitor the animals outside normal VSD working hours (after 5 pm in the 
evening and before 7 am in the morning) to provide a wider range of monitoring for 
morbid animals. 

V.5.2.2. Emergency Veterinary Medical Care 
On weekends and holidays, morning rounds will be done by VSD animal caretakers and 
during evening rounds it will be done by VSD veterinary technicians. Animal caretakers 
and veterinary technicians can contact the on-call veterinarian if needed. Our (Pl) staff 
will provide after-hours coverage (outside of the routine veterinary coverage provided by 
VSD staff) on an as-needed basis as determined by the VSD veterinarians. Our staff will 
contact the on-call veterinarian if needed. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
Nestling pads, shelters, and/or igloos will be provided in each cage during bedding 
changes. 

V.5.3.2. Enrichment Restrictions N/A 
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VI. STUDY PEASONNl!L QUALIFICATIONS AND TAAINING 

Yrs/Mos 
Name Degree Training Date Procedures l~erience = 

(0)(15) 1, 3b, 4a, 5, and 7 (0)(15) 

(tail vein injection) 
anesthesia 
1 , 3b, 4a, and 5, 
anesthesia 
1, 3b, 4a; and 5, 
anesthesia 
1, 3o, 4a, and 5, 
anesthesia 

Procedure and manipulation codes: 
Code 1 =Animal handling and euthanasia 
Code 2 =Surgery (aseptic technique) pre· and post·operative care 
Code 3 = Injections (3a-ip, 3b-sc, 3c-gavage}-Three if trained in all manipulations or 
add 3d-iv 
Code 4 = Blood collection under anesthesia (4a·cardiac. 4b~posterior vena cava) 
Code 5 = Tissue collection (after euthanasiaHoesn't need to be specific 
Code 6 = Implantation (provide detail here) 
Code 7 =Others - (provide protocol specific manipulations or procedures for e.g., 
retro-orbital bleeding, tail vein injection. or drug delivery) 

VII. BIOHAZARDS/SAFETY 
All investigators and personnel will use appropriate protective gear whi'le in the vivarium, 
as described by the VSD. All listed personnel are current regarding safety training and 
medical surveillance. All listed personnel have completed the Animal Care and Use ini 
Research and Education training (AALAS learning fibrary) courses. Recently thiey took 
three refresher courses; Common Compliance Issues, 8th Edition of the Guide for the 
Care and Use of Laboratory Animals, Pain Recognition and Alleviation in Laboratory 
Animals and passed the exams. 

VIII. ENCLOSURES: References 

1 . r)(6).(b)(4) 

2. Waselenko JK MacVittie T J, Blakely WF, Pesik N, Wiley AL, Dickerson WE, et af. 
Medical management of the acute radiation syndrome: recommendations of the 
Str.ategic National Stockpile Radiation Working Group. Ann Intern Med. 2004 Jun 
15;140(12):1037-51. 

3. Moulder JE. Post-irradiation approaches to treatment of radiation injuries in the 
ccfftext of radiological terrorism and radiation accidents: a review. Int J1 Radliat Bioll. 
2004 Jan;80(1 ):3-1 o. 

4. Coleman CN1 Stone HB, Moulder JE, Pellmar TC. Medicine. Modulation of radliation 
injury. Science. 2004 Apr 30;304(5671 ):693-4. 

5. Talas M, Fedorenko B, Batkai L, Stoger I. Interferon production by and 
radioprotective effect of poly I : C and tilorone in mice exposed to helium alpha 
irradiation, Acta microbiologica Hungarica. 1985;32(3):225-31 . 

6. Talas M, Szolgay E. Radioprotective activity of interferon inducers. Archives ofi 
virology. 1978;56(4):309-15. 
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7. Kim K, Damoiseaux A, Norris AJ, Rivina L, Bradley K, Jung ME, et al. High 
throughput screening of small molecule libraries for modifiers of radiation responses. 
lnlt J Radiat Biol, 20'11 Aug;87(8);839-45. 

8. De Clercq E, Merigan TC. Bis-DEAE-fluorenone: mechanism of antiviral protection 
and stimulation of interferon production in the mouse. The Journal of infectious 
dis1eases. 1971 Feb ;123(2): 190=9. 

9. Mayer GD, Krueger RF. Tilorone hydrochloride: mode of action. Science. 1970 Sep 
18;169(3951 ):1 214-5. 

10. Krueger RE, Mayer QD. Tilorone hydrochlorid~: an orally active antiviral agent. 
Science. 1970Sep18;HS9(395f):1213-4. 

11 . Ra.tan RR, Siddiq A, Amim:iva L, Langley B; McConouglley S, Karpisheva K, et al. 

12 

Small molecule activation of adaptive gene expression: tilorone or its analogs are 
novel potent activators of hypoxia inducible factor-i that provide prophylaxis against 
stroke ands inal cord in'.Y._ . Ann NY Acad Sci. 2008 Dec·1 147:383-94. 

13. os ~ ani , aerrnan i ett , em 1 enne , oro 1n 1 et a . ent1 1cat1on o a 
novel hypoxia-inducible factor 1-responsive gene, RTP801, involved ini apoptosis. 
Mol Cell Biol. 2002 Apr;22(7):2283-93. 

14.Schwarzer R, Tondera D, Arnold W, Giese K, Klippel A, Kaufmann J. REDD1 
integrates hypoxia-mediated survival signaling downstream of phosphatidylinositol 3-
kinase. Oncogene. 2005 Feb 10;24(7):1138-49. 

15. Abraham RT. TOR signaling: an odyssey from cellular stress to the cell growth 
machinery. Curr B~ol. 2005 Feb 22;15(4):R139-41. 

16.Adams GB, Chabner KT, Alley IA, Olson DP, Szczepiorkowski ZM, Poznansky MC, 
et al. Stem cell engraftment at the endosteal niche is specified by the calcium= 
sensing receptor. Nature. 2006 Feb 2;439(7076):599-603. 

17.Ahmed KM, Li J.J . NF-kappa B-mediated adaptive resistance lo ionizing radiation. 
IFree Radie Biol Med. 2008 Jan 1 ;44(1 ):1-13. 

18.Adler V, Yin Z, Tew KD, Ronai Z. Role of redox potential and reactive oxygen 
species in stress signaling. Oncogene. 1999Nov1;18(45):6104-11. 

19.Mukherjee R, Banerjee S, Joshi N, Singh PK, Baxi D, Ramachandran AV. A 
combination of melatonin and alpha llpoic acid has greater cardioprotectlve effect 
than either of them singly against cadmium-induced oxidative damage, 
Cardiovascular toxicology. 2011 Mar; 11(1 ):78=88. 

X. ASSURANCES 

Protoco~ Title: Evaluation of tilorone as a novel radiation countermeasure 
candidate: In vivo study using laboratory mouse model (Mus musculus). 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Alilimal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved lby the IACUC prior to its implementation. 
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B. Dupllcatlon of Effort: I have made every effort to ensure that this protocol is not 
an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis, and that 
the minimum number of animals needed for scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal 
procedures/manipulations/observations described in this protocol are technically 
competent and have been properly trained to ensure that no unnecessary pain or 
distress willl be caused to the animals as a result of the procedures/manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obHgations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility," which the DOD 
has embraced for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate 
peer scientific review and is consistent with good scientific research practice. 

H. Painful Ptocedure(s): I AM/AM NOT conducting biomedical experiments, 
which may potentially cause more than momentary or slight pain or distress to animals. 
If applicable, potential pain and/or distress WILUWILL NOT be relieved with the use of 
anesthetics, analgeslcs and/or tranquilizers. I have considered alternatives to such 
procedures; however, I have determined that alternative procedures are not available to 
accomplish the objectives of this proposed experiment. 

l<b)(e} I 9-30-2013 
Principal Investigator (Printed Name) 
(Date) 

Principal Investigator (Signature) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(March 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template !hat does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be at1ached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
addilional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property {e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
considered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpoH other than to evaluate the protocol, without the wrltlen permission of the principal 
investigator or the sponsoring agency. 
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PROT10COL TITLE: Development of anti-ceramide reagent as mitigators of acute 
radiation gastrointestinal syndrome in mice (Mus musculus) 

PRINCIPAL. INVESTIGATOR: 

l'b>(5> I Ph .D. Date 
r(~) 

Radiation Counterme9i~res etgqram _AFBBJ lcbH6
> 

Te1 lt6H6) I fa~( ){BJ 
i.-~~~~~~~~~~~~~ 

CO·INVESTIGATOR(S): N/AAFRRI SCIENTIFIC RESEARCH PROTOCOL NUMBER: 
l(b)(6) I 
I. NON-TECHNICAL SYNOPSIS: The threat of a limited radiological attack on 
American cities (i.e. a "dirty" bomb), or a nuclear accident, (equlres the development of 
a radiation countermeasure capable of protecting the gastrointestinal (GI) tract of 
military personnel , who might have to enter a contaminated area, or capable of 
mitigating GI lethality in the general population . At present there is no effective 
treatment for the acute radiation GI syndrome. We aim to assess anti-ceramide 
monoclonal antibody (mAb) as a mechanism·based approach to protect against and 
mitigate this potentially-lethal pathophysiology. The drug we are going to use will mimic 
turning off a stress signal (the asmase gene} and thereby allow cells to heal when they 
would otherwise die. In preliminary studies, anti-cerarnide antibody significantly 
protected murine GI tracts up to 15 Gy total body irradiation when delivered prior to 
radiation exposure, and mitigated crypt lethality when delivered up to 24 h following 
irradiation. In the current protocol. we propose to develop anti-ceramide antibody for 
preclinical testing for use as a radiation protecting/mitigating therapelltic. 

IL BACKGROUtND 

11.1. 

(b propose a p ysicoc em1cal 
mec an ism for ceramide signaling involving ceramide-driven re·or 1anizalion of 
microscopic membrane rafts into ceramide-rich macrodomains'--1------""l'l!"!'~
~hile initial studies focused on Fa and Pseudomonas aeruginosa infection < l > 

~ore recently focused on ultraviolet-C (UV-G) light, 
ionizing rad iation an T ce Is. Their findings, escribed below, indicate that ceramide= 
rich platforms (CRPs) play a fundamental structural role in transrnembrane signaling of 
death signals. 

Extensive literature supports ceramide as an evolutionarily-conserved second 
messenger for stress ( 14, 15). This system is usually in the "off" state under basal 
conditions, activated upon contacting stress. and calibrates the extent of cellular stress, 
evoking an adaptive or apoptotic cellu lar response depending on strength of signal. The 
most widely studied ceramide-generating mechanism involves the translocation of an 
acid form of the enzyme sphingomyelinase (ASMase) to the outer plasma membrane, 
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where it hydrolyses its substrate sphingomyelin, generating ceramlde therein ~b>l4> I 
While the mechanism by which diverse stresses (UV-C, heat, mechanical stress etc.) 
are registered at the plasma membrane is uncertain. it has been shown that such 
stresses induce translocation of a non-lysosomal form of ASMase, termed secretory 
ASMase, to the exoplasmic leaflet of the plasma membrane to initiate stress signaling 

~6)(4) ICeramide, once generated, has a unique biophysical property, that of self= 
association, forming CAPs on the cell surface. 1-5 microns in diameter, which_serve as 
sites for protein oligomerization and transmembrane signal transduction l(o)(4) 125), 
The basis of this protocol is that CRP formation on the surface of endothelial cells of the 
GI tract mediates the pathology that leads to radiation-induced GI lethality after whole 
body irradiation. as a result of an acute vascular dysfunction which regulates stem cell 
clonogens (SCC) demise and is amenable to inhibition by anti-ceramide antibody under 
development for this purpose. 

The abi l ~ ty to antagonize GI toxicity using genetic and pharmacolog1ic inhibitors of 
endothelial apoptosis has revealed multiple layers of complexity concomitant with 
ionizing radia·rlon damage to the GI tract. Whereas mice most commonly die from the GI 
syndrome within days 5-1 O after whole body irradia1ion, death from the bone marrow 
(BM) syndrome occurs at day 14-17 after whole body irradiation, a 10-day cutoff for 
assigning lethality from the whole body irradiation-induced BM versus GI syndrome has 
become generally aocepted(21, 28). Recent evidence from some investigators 
challenged this notion, demonstrating that genetic inhibition of GI death at whole body 
irradiation doses of ;?14 Gy resulted in mice death from an accelerated form of BM 
aplasia at 8.2±0.9 days {24}. Hence the use of a 10-day cutoff to separate the GI from 
BM syndromes appears inappropriate. Studies examining the impact of autologous BM 
transplantation (BMT) on this accelerated mode of BM aplasia were also revealing. 
Whereas protection of the GI tract by genetic inhibit ion of endothelial cell apoptosis 
switched animal demise to accelerated BM aplasia as the cause of animall death, only 
60-70% of mice could be rescued with BMT. The 30~40% that died from accelerated 
marrow aplasia despite receiving syngeneic BM appeared to succumb to BMT 
engraftment failure, apparently due to radiation-induced stromal damage and failure of 
BM "take" (unpublished observation from collaborator laboratory) . Consistent with the 
notion that BM matrix has become refractory at high radiation doses to marrow take, 
increasing the delivered marrow to 1x107 cells or multiple doses of 5x106 cells could not 
save these mice. Thus, the capability to selectively inhibit the GI syndrome has allowed 
for redefinition of the mechanism of animal demise during the acute phase re.sponse to 
single high dose whole body irradiation, indicating that there are at least three 
syndromes that need to be treated to preserve animal survival: a HSC syndrome at low 
radiation doses treatable with BM transplant a coupled endothelial cell apoptosis-crypt 
SCC damage-regulated GI syndrome that can be impacted by agents that prevent 
ceramide-mediated endothelial cell apoptosis, and a BM stromal syndrome that we 
know little about currently. Interrogation of the biological response to radiation exposure 
should address these three syndromes. Our strategy for mitigating the GI syndrome 
selectively using anti-ceramide antibody is based on these principles. Earlier, anti
ceramide antibody whole molecule has been tested against whole body irradiation. This 
protocol is for evaluating whole molecule of anti-ceramide antibody against partial body 
irradiation and its fragments against total-body irradiation (TBI). Whole antibody 
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molecule will be used as a control in experiments with antibody fragments for 
comparison 

Full-length lgG monoclonal antibodies are large (150 kDa), multivalent proteins. 
Recombinant proteins consisting of only the antigen-binding portion of monoclonal 
antibodies (the variable heavy (VH) and light (VL) chain regions) have been generated 
that retain antigen binding compared to the parent monoclonal antibody, while 
displaying, in cases where Fe portions are not required for immunomodulatory function, 
equivalent biologic activity. These Fab and single-chain fusion proteins (referred to as 
scFv proteins), contain the parent antibody VH and VL domains, yet display several 
favorable characteristics compared to full-length monoclonal antibodies, most notably: 
1) Antibody fragments display significantly faster diffusion rates into the blood stream 
(minutes compared to hours following im or sc administration) and higher tissue 
permeability than immunoglobulins, due to their small size and enhanced solubility; 2) 
Antibody fragments can be genetically manipulated to optimize antigen-binding, 
stability, and delivery (scFv forms deliverable orally to gut mucosa have been 
proposed); and 3) Product development costs can be considerably less than for a 
humanized immunoglobulins. For these reasons, antibody fragments appear ideally 
suited for development as medical radiation countermeasures for emergency scenarios, 
where an anti-ceramide reagent would be administered in triage to potentially large 
populations following a radiation disaster. 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 

Best effort has been made to find any possibility for duplication. The following 
data bases have been searched: 

a. PubMed 

b. BRO - DOD Biomedical Research Database 

c. CRISP - Computer Retrieval of Information on Scientific Projects, now known as 
'RePORTER'. 

11.2.2. Date of Search 

PubMed - 6/20/2013 
BRO - 6/20/2013 
CRISP/ RePORTER - 6/20/2013 

11.2.3. Period of Search 

PubMed - 1965-2013 
BRO - 1998-2013 
RePORTER - 1988-2013 

11.2.4. Key Words of Search 

1. Anti-ceramide AND Radiation 
2. Ceramide AND Radiation 
3. Gastrointestinal syndrome AND Radiation 
4. Anti-ceramide AND Gastrointestinal syndrome 
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5. Anti -ceramide AND Cryptsll.2.5. Results of Search 

Pub Med 

urren pro oco propose wor 1s 1no up 1ca 1011 o a s u y. 

Search string 2: We found 510 references, none of which addressed the questions 
Ito be tested in this protocol. 

Search sting 3: We found 315 references, none of which addressed the questions to 
be tested in this protocol. 
Search string 4; We found 1 reference which does not address the questions to be 
ltested in this protocol. 

Search string 5: We found 1 reference which does not address the questions to. be 
ltested in this protocol. 

BRO 

Search string 1: We found 0 reference. 

Search string 2: We found 1 reference, none of which addressed the questions to be 
aested in this protocol. 

Search sting 3: Wa found 6 references, none of which addressed the questions to be 
tte.sted in this protocol. 

Search string 4: We found 0 references. 

Search string 5: We found O references. 

Re PORTER 

Search string 1 : We found o references. 

Search string 2: We found 72 references, none of which addressed the questions to 
be tested in this protocol. 

Search sting 3: We found 4 references, none of which addressed the questions to be 
1tested In this protocol. 

Search string 4: We found 63 references. , none of which addressed the questions 
to be tested in this protocol. 

Search string 5: We found 36 references., none of which addressed the questions 
to be tested in this protocol. 

Ill. OBJECTIVE I HYPOTHESIS; 

The objective of this protocol is to advance the pre-clinical development of 
anti-ceramide antibody as radioprotector (and radfomltigator) of the acute radiation GI 
syndrome. Here, we propose to evaluate the hypothesis that a.ntagonism of CRP 
generation on endothelium within the small intestinal lamina propria with anti-ceramide 
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antibody will impro.ri1,v~~~~£.!.!..~.:L!.l..S!.!.i..w.i.~ltll.!-!.lol..JiiUJ.lliw.u.~s.u:.L.llii..:lil!.!..l1.1.W~i.ii.!.1.!.Wd~ 
im f·ovin survival 1 

and based on these investigations we propose that ceramide-neutralizing Abs represent 
a novel class of pharmacologic agents for radiological countermeasures. We propose 
several experiments with the intention of advancing technology development of anti: 
ceramlde Abs as protectors and mitigators of tissue injury following acute radiation 
exposure.IV. MILITARY RELEVANCE 

Currently, there are no FDA approved pharmaceutical agents that can prevent or 
treat injury from external ionizing radiation. The problem has become more acute in 
recent times due to the unpredictable nature of terrorist attacks. Recognizing this urg.ent 
need. the U.S. Department of Defense has assigned top priority to the "development of 
medical countermeasures to radiation exposure'; against both early and late arusing 
health effects. Those concerns imply the urgent need to develop an appropriate 
countermeasure for radiation injuries potentially sustained by war fighters during combat 
operations and enable commanders to make judicious decisions in rroop deployment. 
There are several drugs at different stages of the development. This study willl perform 
essential research and development of a promising new agent (anti-ceramide antibody) 
as a therapy for potential injuries sustained by military personnel who have been 
accidentally exposed to ionizing radiation. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and Genetal Procedures 

We propose to do the following experiments to evaluate anti-ceramide antibody 2.A2 
as a radioprotector and a mitigator of the radiation. Experiment will be done in order 
shown below. Details of subsequent experiments will be based on results obtained in 
previous experiment. Any product found ineffective in initial experiment will be 
eliminated in subsequent experiments. 

V.1.1. Experiment 1. Determination of the gastrointestinal (GI) l1ethal dose of 
part ial botily (subtotal) irradiation (X-Ray - Small Anirnal Radiation Research 
Platform - SARRP): The gastrointestinal lethal dose of subtotal body irradiation will be 
determined in C57BL/6 mice. Groups of 8 mice will be exposed to 13-16 Gy in 0.5 Gy 
(13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0 Gy) increments, with lead shielding of the 
animals' head and forelimbs (approximately 20% shielding). Anticipated GI lethal dose 
may be 14 Gy and mice may survive for 6 - 8 d. Animals will be monitored fo r survival. 
Expected results are that animals will survive > 14 days (animals should survive 
indefinitely) at lower doses of subtotal body irradiation, but once a GI lethal dose is 
reached animals will succumb to the GI Syndrome. Animals will be observed for 30 d 
post-irradiation. 

According to the suggestions from veterinary science department, a trial run 
(without irradiation) will be carried out to evaluate the best method (anesthesia etc) 
along with the VSD veterinarians. This will be accomplished using VSD training protocol 
(have consent from VSD veterinarian). Once the SARRP procedure is standardized. we 
will make necessary adjustments in the protocol by submitting appropriate amendment 
before proceeding further. 
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Group details and mice required for experiment 1: 

Dose response of radiation: Seven radiation doses (13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 
16.0 Gy SAARP) x 8 mice/group x 2 experiments= 112 

Total mice required for experiment 1 = 112 

V.1.2. Experiment 2. Assessment of the efficacy of whole antibody molecule 
(H2A2) and recombinant antibody fragments (Fab and scFv) as radioprotector for 
the GI syndrome: H2A2 (1000 µg/ml) and recombinant antibody fragments of H2A2 
(Fab or scFv, 100 µg/ml) will be administered intravenously (for additional details please 
see section V.4.4.1. Injections) to C57BL/6 mice 15 min prior to the GI lethal dose of 
subtotal body irradiation (100% lethal dose) to assess the efficacy of recombinant 
antibody fragments in comparison to whole molecule. Mice will be sacrificed 3.5 dafter 
irradiation, and jejunum will be harvested after euthanasia for analysis by microcolony 
assay of Withers and Elkind as a quantifiable surrogate for GI damage following 
irradiation (31 ). 

Details of treatment groups and mice required for experiment 2: 

Evaluation of recombinant antibody fragments as radioprotector: Four groups (control, 
H2A2, Fab or scFv at -15 min) x 6 mice/group x 2 experiments (one with SARRP and 
other with Cobalt-60) = 48 mice 

Total mice required for experiment 2 = 48 

V.1.3. Experiment 3. Assessment of the efficacy of whole antibody molecule 
(H2A2) and recombinant antibody fragments (Fab and scFv) as radiomitigator of 
the GI syndrome: H2A2 and recombinant antibody fragments of H2A2 (Fab or scFv) 
will be administered intravenously (tor details please see V.4.4.1. Injections) to C57BL/6 
mice 12-48 h following GI lethal dose of subtotal body irradiation (100% lethal dose) 
(12, 24, and 48 h). Mice will be sacrificed 3.5 days following irradiation, and jejunum will 
be harvested after euthanasia for analysis in microcolony assay of Withers and Elkind 
as a quantifiable surrogate for G1 damage following whole body irradiation. 

Details of treatment groups and mice required for experiment 3: 

Evaluation of recombinant antibody fragments as radiomitigator: Four groups (control, 
H2A2, Fab or scFv) x 6 mice/group x 3 time points (12, 24 and 48 h) x 2 experiments 
(one with SARRP and other with Cobalt-60) = 144 mice 

Total mice required for experiment 3 = 144 

V.1.4. Experiment 4. Investigation for optimal dose, schedule of treatment, and 
route of administration of H2A2, Fab, and scFv: Dosing, treatment schedule, and 
route of administration of H2A2 and recombinant antibody fragments of H2A2 (Fab or 
scFv) will be optimized. Antibody will be administered through various routes stated 
below. Mice will be sacrificed 3.5 days following, and jejunum will be harvested for 
analysis in Microcolony Assay of Withers and Elkind as a quantifiable surrogate for GI 
damage following whole body irradiation. First, optimal dose of antibody will be 
determined and with that dose, optimal route of administration will be determined. 

Details of treatment groups and mice required for experiment 4: 
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Dose response: Four groups (0, 500, 750, and 1000 µg for H2A2 and 0, 25, 50 and 100 
µg for Fab and scFv) x 2 experiments (one set for radioprotector and another for 
radiomitigator) x 3 products to be tested (H2A2, Fab, and scFv) x 6 mice/group = 144 
mice 

*Routes of administration: Two groups (ab and control) x 3 products to be tested (H2A2, 
Fab, and scFv) x 4 routes (iv, im, sc, ip) x 6 mice/group x 2 experiments (one with 
SAR RP and other with Cobalt-60) = 288 mice 

Schedule of ab administration: Two groups (control and ab) x 6 time points of ab 
administration x 2 sets of experiments for radioprotector and mitigator (-30 min, -1 h, -2 
h, -4 h, -6 h, -12 h in relation to irradiation for protector, and 12 h, 18 h, 24 h, 30 h, 36 h, 
48 h in relation to irradiation for mitigator) x 6 mice/group= 144 mice 

Total mice required for experiment 4 = 144 + 288 + 144 = 576 

*Preliminary data with anti-ceramide lgM Ab has been generated using iv route. Hence 
iv route is being used in initial experiment. Keeping in mind the limitation of iv route from 
drug administration point of view, other routes will be tried. 

Route of administration of antibody for experiments 1 .5, 1.6, and 1. 7, will depend on the 
results of experiment 1.4 (most effective route for drug efficacy). Based on our 
experience, we expect retro-orbital injection will be most efficacious. 

V.1.5. Experiment 5. Assessment of radioprotection by H2A2 and its fragments 
(Fab, and scfv) in mice (survival study): H2A2 or its fragment will be administered to 
C57BL/6 mice 15 min prior to the GI lethal dose of subtotal body irradiation. Radiation 
dose will be selected based on the success in above experiments (at least 50% higher 
crypt numbers compared to untreated control). Animals will be monitored for 30 dafter 
radiation exposure for survival. Moribund mice (details discussed under section V.4.5. 
Study Endpoint, displaying clinical signs of imminent death from radiation 
gastrointestinal syndrome) will be euthanized. Jejunum and sternum will be harvested 
after euthanasia for hematoxylin and eosin staining and analysis. 

Details of treatment groups and mice required for experiment 5: 

Evaluation of recombinant antibody fragments as radioprotector: Four groups (control, 
H2A2, Fab or scFv at optimal time point based on above experiments) x 8 mice/group x 
2 experiments (one with SARRP and other with Cobalt-60)= 64 mice 

Total mice required for experiment 5 = 64 

V.1.6. Experiment 6. Optimization of radiomitigation by H2A2 and its fragments 
(Fab, and scFv) in mice (survival study): H2A2 or its fragment will be administered to 
C57BU6 mice after the GI lethal dose of subtotal body irradiation. Radiation dose will be 
selected from above experiments (at least 50% higher crypt numbers compared to 
untreated control) . Animals will be monitored for 30 dafter radiation exposure for 
survival. Moribund mice (details discussed under section V.4.5. Study Endpoint, 
displaying clinical signs of imminent death from radiation gastrointestinal syndrome) will 
be sacrificed. Jejunum and sternum will be harvested for hematoxylin and eosin staining 
and analysis. 

Details of treatment groups and mice required for experiment 6: 
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Evaluation of recombinant antibody fragments as radiomitigator: Four groups (control, 
H2A2, Fab or scFv) x 4 time points in relation to irradiation (12, 24, 36 and 48 h after 
irradiation) x 8 mice/group x 2 experiments (one with SARRP and other with Cobalt-60) 
= 256 mice 

Total mice required for experiment 6 = 256 

V.1.7. Experiment 7 Optimization of mitigation by addition of supportive care 
(antimicrobial therapy): Survival experiments will be performed comparing animals 
that receive supportive care (antimicrobial therapy) in addition to H2A2 to those 
receiving vehicle for antibiotics plus H2A2. H2A2 or fragments will be administered to 
C57BL/6 mice at the latest effective time in which H2A2 improves survival post the GI 
lethal dose of subtotal body irradiation. Effective supportive care is expected, in 
combination with H2A2, to confer 30 d survival to mice exposed to 15 Gy, while a 
majority of mice receiving sham antibiotic will die from sepsis. All mice with unprotected 
GI tracts that did not receive H2A2 will die from the radiation gastrointestinal syndrome. 

Antimicrobial therapv: Antimicrobial agents from different classes, including 4-
fluoroquinolones and aminopenicillins, will be selected for systemic administration 
based upon published recommendations for treatment of sepsis following irradiation (5) 
and recent experimental work in the laboratory of microbiology colleague (personal 
communication). Doses used to evaluate efficacy against sepsis in mice have been 
selected based on human pediatric doses together with consideration for the high 
metabolic rate of mice compared to humans and the published reports by others in non
irradiated mice. In general, doses of antimicrobial agents are three to five times greater 
in mice than in humans to achieve comparable efficacy and concentration in blood and 
tissues. Doses used in this study are based on pharmacokinetics and efficacy against 
sepsis determined in irradiated mice. 

Systemic antimicrobial agents that will be evaluated in the classes (5): 

4-Fluoroquinolone: Levofloxacin (LVX) [90-100 mg/kg p.o. (not gavage) q.d.) 

(Giving drug by oral route is different from giving drug by gavage: gavage means 
forced feeding, specially a tube passed through the stomach (Dorland's Medical 
Dictionary, 28th edition, 1988), p.a. (peros) means by mouth, orally, commonly used in 
medical practice, in case of mouse - feeding needle will stay in mouth and fluid will be 
ejected slowly). 

Aminopenicillin: Amoxicillin (AMX) [300-325 mg/kg p.o. q.d.]. 

When the combination of LVX and AMX is administered to mice, the LVX is 
delivered first with a 20- to 30-minute interval before AMX is delivered to allow time for 
LVX to be absorbed because AMX is a microencapsulated suspension, which coats the 
lining of the gastrointestinal tract (5). 

In order to anticipate bacterial translocation and moribundity, we will start 
antibiotic therapy on d 3 post-irradiation and continue for 21 d (last dose on 23 d post
irradiation). 

Details of treatment groups and mice required for experiment 7: 
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Mitigation b¥ addition of antimicrobial therapy: Four groups (control, H2A2, Fab or scFv) 
x 4 antimicrobial therapy (controlisham, L VX, AMX. and combination of LVX and AMX} 
x 8 mice/group x 2 experiments {one with SARRP and other with Cobalt-60) = 256 mice 

Total mice required for experiment 7 = 256 

Total C57BW6 mice needed for this Protocol: 

Experiments Total c D E 
Experiment 1 112 0 0 11 2 
Experiment 2 48 0 0 48 
Experiment 3 144 0 0 144 
Experiment 4 576 0 0 576 
Experiment 5 64 0 0 1 64 
Experiment 6 256 0 0 1 256 
Experiment 7 256 0 0 1 256 
l en mice for trial of anesthesia regimen - 10 0 10 0 
section V.4.1.2.1 
Total mice required for this protocol 1466 0 10 1456 

Drugs and routes of administration: 

Experiments Drugs Route of 
administration 

Experiment 1 Anticeramide antibody (whole Retro-orbital (iv} 
molecule- H2A2, fragments - Fab 
and scFv) 

Experiment 2 Anticeramide antibody {whole Retro~orbital (iv) 
molecule- H2A2, fragments - Fab 
and scFv) 

Experiment 3 Anticeramide antibody (whole Retro-orbital (iv) 
molecule- H2A2, fragments - Fab 
and scFv) 

Experiment 4 Anticeramide antibody (whole sc, im, ip, retro-
molecule- H2A2, fragments - Fab orbital (iv) 
and scFv) 

Experiment 5 I Anticeramide antibody (whole Dependent on 
molecule- H2A2. fragments - Fab results of 
and scFv) experiment 4 

Experiment 6 Anticeramide antibody (whole Dependent on 
molecule= H2A2, fragments - Fab resu lts of 
and scFv) experiment 4 
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Anticeramide antibody (whole Dependent on 
molecule- H2A2, fragments - Fab results of 

Experiment 7 and scFv) experiment 4 

Levofloxacin (LVX), Levofloxacin p.a. 
(LVX) 

V.2. Data Analysis 

Mean with standard errors, or percentages, will be reported if applicable. The 
significance level will be set at 5% for each test. All statistical tests will be two-sided. 
Multiple comparison tests will be used when appropriate. Statistical software, PC SAS, 
will be used for statistical data analysis (6). Number of animals n = 6 - 8 per group 
(depending on dose, route, sampling time-point) will be used for the study to provide 
statistical power >90% for two-tailed Student's t test of less than 10% shifts in value. 

Multivariate analysis of variance (MANOVA) Wilks' Lambda statistics will be used 
when comparing more than two groups and two-sided Student's t test will be used when 
comparing two groups to determine significant difference among sampling time and 
dose-points, efficacy, etc. Values of P < 0.05 will be considered statistically significant. 
Values will be expressed as means± standard error (SE). 

Comparison of survival curves will be made using the log-rank test. Fisher's 
exact test will be used to detect if there is a significant difference across the groups in 
survival rates by performing pair-wise comparisons. The 8 mice per group would 
provide 80% statistical power to detect a significant difference between two groups if 
any, given type I error of 5% and delta/ sigma has at least 1.6 (where the delta is the 
estimated mean differences between the two groups and sigma is the pooled SD of the 
two groups) and a treatment group survival rate would be at least 74%, if the control 
group would be 20%. Similar statement would apply, provided the treatment group 
would be at least 88%, 85%, and 79%, if the vehicle group would be 35%, 30%, and 
25% respectively (32). 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 

Both computer models and tissue culture have been considered as alternatives 
to animals. These alternatives lack the knowledge base and complexity needed to 
evaluate the effects of radiation and radiation countermeasures on the immune system. 
The phenomena under study involve complex information-processing networks 
comprising large number of cell types and biological signal transduction molecules. 
Responses to irradiation and radioprotective agents involve interactions between the 
central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
system, gastrointestinal system etc. We do not know all of the cell types and tissues 
involved and many of the signal transduction molecules have not been discovered yet. 
Even if all of the tissues, cell types and signaling molecules were known, the present 
state of tissue culture would be incapable of reproducing their in vivo relationships. One 
would have to reproduce much of an entire mammalian organism in culture to study 
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these phenomena in vitro. As for computer models, the most powerful supercomputers 
available In the near future would be incapable of analyzing interactions between so 
many elements in the network. Thus these drugs necessitate investigation in whole 
animal models to see overall outcome. 

V.3.2. Animal Model and Species Justification Evaluation of radiation 
countermeasures in in vivo model is the only optioni available for Identifying clinically 
safe and non-toxic radiation countermeasures. The murlne model is immunol!ogically me 
mos"t well defin,ed animal model for research. The murine model is also the most studi,ed 
animal model, and has significant immunological similarity to nigher animals and 
humans. Thls model is also preferred over any other in vivo model due to readily 
available immunologlcal and molecular biology research reagents. AFARI staff has 
extensive 1experience with several strains of mice in radiation injury and radio mtection 
research. IPI has extensive ex . erience with C57BU6 and CD2F1 mice. (b)(

4
) 

us, we nee to stay wit 1s strain o 
mica at thls stage for the proposed study. .3.3. Laboratory Animals 

V.3.3. i. Genus I Species 

Mus musculus, Laboratory mouse 

V.3.3.2. Strain I Stock 

C57BL/6 

V.3.3.3. Source I Vendor 

C57BU6 nnice will be purchased from a VSD approved vendor (the preferred vendor is 
Jackson Laboratory, 600 Main St.. Bar Harbor, Maine 04609-1500; Tel: 207-288-5845: 
State of Maine animal welfare license is A012). 

V.3.3.4. Age 

6-12 weeks old 

V.3.3.5. Weight 

20-25 g 

V.3.3.6. Sex 

Male 

Justification for using only male mice: Previous studies have been performed 
using male mice, so males are needed for data comparison. Also there is possibi1lity that 
female hormone variation may interfere with our results. To see the e.ffect of this drug in 
both sexes, we need to repeat such experiments in females. To minimize the number of 
animals, and to keep variables minimized, it was decided that the study will be 
performed only in one sex (male). 

V.3.3.7. Special Considerations 

Commercially procured animals must be adventitious disease free, including: 
Pseudomonas aeruginosa; and Pasteurella. All mice need to be free of the following 
agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus:3 (Reo 3), Mouse 
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Adenovirus (MAD-1, MAD-2), Mouse Cytomegalovirus Virus (MCMV). Ectromelia, K 
virus, Lymphocytic Choriomeningitis Virus (LCM), Epidemic Diarrhea of Infant Mice 
(EDIM), Hantaan virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse 
Minute Virus (MMV), Mouse Thymic Virus (MTV), Theiler's Mouse Encephalomyelitis 
Virus (TMEV/GDVll), EncephaHtozoon cunicu/i, CAR bacillus, Mycoplasma pulmonis, 
Clostridium piliforme, and C. difficile. Mice should also be endoparasite- and 
ectoparasite-free. 

V.3.4. Number of Animals Required (by species) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 

Moribund animals will be euthanized immediately to minimize the magnitude and 
duration of suffering those animals might experience when they are subjected to toxic 
effects of ionizing radiation. Under such situation moribundity will be used as a 
surrogate for death in animals and will be considered to have arrived at the endpoint. 
Pain experienced by retro-orbital injection will be minimized by the use of higher gauge 
needles and controlled isoflurane administration. 

V.3.5.2. Reduction 

As we move forward with experiments, plans will be reevaluated at every stage 
of the experiments, in light of incoming data in an attempt to reduce the numbers of 
experiments and groups, if possible. If deemed not necessary based on incoming data, 
some investigations may not be carried out to optimize the use of experimental 
animals.V.3.5.3. Replacement 

It is not feasible to use non-animal systems in place of in vivo animal models to 
address the research questions proposed in this IACUC protocol.V.4. Technical 
Methods 

V.4.1. Pain I Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C .......... O 

V.4.1.1.1.2. Column D .......... 10 

V.4.1.1.1.3. Column E .......... 1,396 

V.4. 1. 1. 1.4. Pain Category Assignments 

Experiments 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 

Total 
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c D E 
112 0 0 112 
48 0 0 48 
48 0 0 48 

576 0 0 576 
64 0 0 64 

256 0 0 256 



Experiment 7 256 0 0 256 
Ten mice for trial of anesthesia regimen - 10 0 10 0 
section V .4.1.2.1 
Total mice reouired for this protocol 1466 0 10 1456 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Analgesia I Tranquilization 

Since anesthesia, analgesia, and tranquilizers are known to affect functions of the 
immune system of animals, we do not plan to use analgesic agent during course of the 
experiment after irradiation (1, 9, 10). However, anesthesia will be used during partial 
body X-ray irradiation to prevent stress from the time the mice are placed in restraint. 

The anesthesia protocol for the SARRP partial body irradiation will be developed under 
the oversight of VSD veterinarian/s. SARRP irradiation requires anesthesia for longer 
period of time (30-40 minutes). No one at AFFRI has used SARRP before. Therefore, 
we will need to try out the following anesthetic regimens along with VSD veterinarian to 
determine the best option. Ten mice have been requested for this purpose. If none of 
these anesthetic regimens are able to achieve our goal then we will submit an 
amendment to our protocol to add an alternate anesthetic as per the recommendation 
from VSD veterinarian. 

1. Ketamine 75-150 mg/kg + Xylazine 5-1 O mg/kg via ip administration. Total 
volume of injection will not exceed 0.5 ml/mouse. 
2. Ketamine 50-100 mg/kg+ Xylazine 5-10 mg/kg+ Acepromazine 1-2 mg/kg. 
Total volume of injection will not exceed 0.5 ml/mouse. 
3. lsoflurane 3-4% in 100% oxygen for induction in a chamber. 1 - 3% lsoflurane 
for maintenance via a nose cone. 

Animals in experiments involving blood (collection/storage for future)/tissue 
collection (different organs) will be euthanized immediately before tissue collection by 
overdose of isoflurane followed by cervical dislocation. We will use isoflurane to 
anesthetize mice for retro-orbital injection. This allows more controlled and precise 
delivery of the anesthetic. We regularly use these procedures in different ongoing 
protocols. We will also use 0.5% proparacaine HCL ophthalmic solution in addition to 
the inhalant anesthetic, prior to retro-orbital injections, as an additional form of 
procedural and post-procedural analgesia. 

V .4.1.2.2. Pre- and Post-procedural Provisions 

Mice will be housed under standard conditions both before and after radiation 
procedures in accordance with VSD mouse Standard Operating Procedure (see section 
V.5). 

V .4.1.2.3. Paralytics 

No paralytic agent will be administered. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched 
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AGRICOLA 
PubMed 
IVIS 

V .4.1.3.2. Date of Search 

AGRICOLA - 6/20/2013 
PubMed - 6/20/2013 
IVIS - 6/20/2013 

V .4.1.3.3. Period of Search 

ARGlCOLA-1966-2013 
PubMed - 1965-2013 
IVIS - 1998-2013 

V .4.1.3.4. Key Words of Search 

"Anti-ceramide" AND "Pain" 
"Ceramide AND pain" 
"Ionizing radiation" AND "pain" 
"Ionizing radiation" AND" mice" 
"Ionizing radiation" AND "alternatives" 
"Ionizing radiation" AND "toxicity" 

V .4.1.3.5. Results of Search 

"Anti~ceramide" AND "Pain" 
AGRICOLA: O 
PubMed: O 
IVIS: O 

"Ceramide" AND"pain" 
AGRICOLA: O 
PubMed: 76 
IVIS: 5 

"Ionizing radiation" AND "pain" 
AGRICOLA: O 
PubMed: 427 
IVIS: 21 

"Ionizing radiation" AND" mice" 
AGRICOLA: 283 
PubMed: 427 
IVIS: 14 

"Ionizing radiation" AND "alternatives" 
AGRICOLA: 2 
PubMed: 127 
IVIS: 2 

"Ionizing radiation" AND "toxicity" 
AGRICOLA: 329 
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PubMed: 4628 
IVIS: 16 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 

As stated above, irradiated animals finally die due to a compromised immune 
response and microbial infections. In the event that there is pain and distress for 
animals, as we have already discussed under above headings, we cannot give 
anesthetic/analgesic agents to the animals (except at the time of ocular injection or 
wounds procedures which can't be performed without anesthesia) since these agents 
interact with the immune system, and in turn will affect experimental results. 

There are conflicting reports regarding effects of buprenorphine on the immune 
system (7, 11, 16, 17, 19, 20, 23, 29). A majority of reports suggest that buprenorphine 
influences immune response. Since buprenorphine has been shown to influence various 
arms of cellular and humoral immune response (7, 17, 23, 29), we have decided not to 
use it in our study. Non-steroidal anti-inflammatory drugs are not suitable for use in such 
experiments (18). 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions: NIA 

V.4.3.2. Procedure(s): N/A 

V.4.3.3. Post-surgical Provisions: N/A 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures: N/A 

V.4.3.6.2 Scientific Justification: N/A 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

Mice will be injected with anti-ceramide antibody through the retro-orbital sinus 
(venous plexus behind the eye - for intravenous route) with 27 or 28 G needle with a 1 
or 0.5 ml syringe (AFRRI IACUC Operating Policy# 4). This is a commonly used 
method (2-4, 22, 26, 30, 33). The animals will be temporarily anesthetized by inhalation 
of isoflurane. Both eyes can be used but Pl will select one side and all animals will be 
injected at the same site for one administration. The eyelid area will be stretched gently 
to expose the eye and the needle will be inserted slowly into the orbita going beneath 
the eyeball. The needle is gently inserted bevel downwards until it hits the bone of the 
orbita. The antibody or bone marrow cell suspension wlll be injected slowly. If the 
needle is correctly inserted into the plexus, some resistance will be felt while injecting. 
After injection of the desired volume, the needle will be removed and the eyelid will be 
closed. No liquid or blood should leak out. In case, blood leaks out from the eye, sterile 
cotton gauze will be used to wipe/clean and animal will be carefully observed for 5-1 O 
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min. Animals will be returned to the cage and observed until they fully recover tram the 
effects of the anesthesia. 

Recently it has been demonstrated that retro-orbital venous sinus injection is less 
stressful compared to lateral tail vein (27). In mice we have found retro-orbital injection 
more reproducible than tail vein injection due to difficultly visualizing the tail vein. Since 
our radiation mitigating agent needs to be injected at a particu lar time post-irradiation, 
we have a limited time period to administer the agent to all mice in the study in order to 
insure post-irradiation time of injection. Because retro-orbital Injection is more rapidly 
performed than tail vein injection, a single technician is able to inject large numbers of 
mice in a relatively short period of time. Study personnel assigned to this protocol have 
been trained in this procedure. 

We have used such a method for cell, blood, and anti-ceramide antibody 
injection to mice in several protocols. 

Injection volume will be 100 - 1 SO µI/mouse. In case, any preparation has a low 
solubility, we may need to inject 200 µI. There will be no need to go above this volume 
for any preparation. According to the policy from University of California, San Francisco, 
a maximum of 200 µI can safely be injected via the retro-orbital sinus (web reference: a 
copy of the UCSF policy can be found here: 
www.iacuc.ucsf.edu/Policies!RetroOrbitaflfljection.doc). Under such situation, we will try 
two options: 

1. in a minimum of 5 mice we would try the 100 µI in each eye and 
2. in different mice (a minimum of 5), try 200 µI in one eye. 

In both cases injection will be administered slowly and/or with rest periods {for 
the 100 µI) as necessary. Both options will be evaluated with a VSD veterinarian and 
the best will be used. We have received such approval earlier (Protocol ~(b)(6) 
l<o>ta, I 1---....... iiiiiiiiiiiiiiiiiiiiiiiiiii...I 

Antibody wlll be also injected im, ip and sc as mentioned above under various 
experiments. 

Antimicrobial therapeutic drugs will be prepared aseptically with sterile diluent 
including the control vehicles, They will be administered orally. Therapeutic drugs given 
p.o. will lbe administered in a 0.2-ml volume with a 1 ~ml syringe and a 20-gauge feeding 
canula, which has a ball tip, or a disposable feeding needle, which has a silicone rubber 
tip. One sterile syringe and needle will be used for mice in each cage. However, the 
feeding needle will be wiped and disinfected between inoculations with a gauze sponge 
that Is moistened with 70% ethanol to reduce the microorganisms on the needle as an 
extra precaution even though the mice share the sipper tube in the water bottle and oral 
microorganisms as well. 

The following doses will be used for administration of the therapeutic 
antimicrobial agents based on earlier studies with mice: amoxicillin (300 - 325 mg/kg PO 
sid), levofloxacln (90-100 mg/kg PO sid). 

V.4.4.1.1. Pharmaceutical Grade Drugs 

Vendors (or others as appropriate): 
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Amerisource-Bergen, Glen Allen, Virginia, Tel. 1-800-262-84 70 ext. 4313, Acct. No. 
74047 (USUHS) 

Henry Schein, Inc., Henry Schein Veterinary Institutional Department, 135 Duryea Road 
Melville, NY 11747, Phone: 800-872-4346, Fax: 1-800-483-8329 

Webster Veterinary Supply, 86 Leominster Road, Sterling, MA 01564, 978-422-8211 
(Phone), 800-225-7911 (Toll Free in the U.S.), 978-422-8959 (Fax) 

Pharmaceuticals: 

0.5% Proparacaine HCL ophthalmic solution (will be procured from USUHS pharmacy). 

Amoxicillin (AMX), generic e.g. 150 ml/bottle, Amoxicillin for Oral Suspension, USP 
(Sandoz, Broomfield, Colorado 80020, 250 mg/5 ml as trihydrate, NDC 0781-6041-55); 
or 100 ml I bottle, commercial oral suspension (IVAX Pharmaceuticals, Inc., Miami, 
Florida 33137-3227 by PENN Labs, Inc., Philadelphia, Pennsylvania 19102, amoxicillin 
for oral suspension USP, 250 mg per 5 ml as the trihydrate, 100 ml total volume when 
reconstituted with sterile water according to manufacturer's directions, NDC 0172-7418-
21 ). Amoxicillin is a semisynthetic aminopenicillin antibiotic. Stored at 4°C. after 
reconstitution, durable for up to 14 days. 

Levofloxacin (LVX), LEVAOUIN Oral Solution (25 mg/ml, 16 oz. [480 ml], Ortho
McNeil, NDC 0045-1515-01 ), is a 4-fluoroquinolone antimicrobial agent. It will be diluted 
to a concentration of 10.4 mg/ml in sterile water to deliver a dose of 90 mg/kg q.d. for in 
0.2 ml given p.o. Oral and i.v. routes are considered interchangeable and achieve the 
same plasma concentration profile (Ortho-McNeil product information). 

The corresponding vehicle is sterile water given to control mice. 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 

Anti-ceramide antibody, its fragments and isotype control (non-specific antibody) 
will be purchased from commercial vendors. Purity is assured because the antibodies 
are purified by the vendor by Protein G affinity chromatography. These reagents have 
been tested for endotoxin by the vendor, but have not undergone other tests for 
infectious agents. Before use in animals, the antibody reagents will be tested for 
infectious agents using a serological test (MAP test or equivalent) or PCR (MAP-IT test 
or equivalent). Stability will be ensured by storing the antibodies as lyophilized powder 
at -20 °C, in a manual defrost freezer, with no repeated thaw/freeze cycles, as 
recommended by the vendor. Microgram quantity of antibodies will be injected 
intravenously in pharmaceutical grade sterile phosphate-buffered saline, so osmolarity 
wtll not be an issue. Please also see section V.4.4.9. Animal By-Products. 

V.4.4.2. Biosamples 

Animals will be euthanized by overdose of isoflurane (for blood collection - blood 
will be stored for future reference), followed by cervical dislocation immediately before 
tissue (jejunum and femur bone) collection. GI tract and femur bone will be collected 
post-mortem for histopathology. 

V.4.4.3. Adjuvants: N/A 

V.4.4.4. Monoclonal Antibody (MAb) Production: NIA 

20 of 29 



v .4.4.5. Animal Identification 

Each cage will have a cage card. In addition to cage card, another experimental card 
will be displayed before starting the experiment. One cage will have mice of only one 
tr~atmenVcontrol group. Eaeh card will state the investigator's name. protocol number, 
experiment number, cage number, start date, end date, species, item number (animal 
lot), birth date, gender, strain , number of animals in the cage, vendor, arrival date, 
treatments. and dates of death or euthanasia of moribund mice. including the initials of 
the staff person who found and removed the dead animals or euthanized the moribund 
mice. 

V.4.4.6. Behavioral Studies: N/AV.4.4.7. Other Ptocedures: None 

V.4.4.8. Ti$9Ue Sharing: N/A 

V.4.4.9. Animal By-Products 

Commercially available antibody to ceramide, its fragments, and isotypic controll 
will be used for injecting into mice. As stated above, these products will be tested for 
adventitious agents prior to use. Such testing will be done for mycoplasma and 18 viral 
agents by BloRellance, Rockville, MD prior to use (also mentioned under Non
Pharmaceutlcal Grade Drugs). We have carried out such testin for anti·ceramide 
antibod 1earlier for a _ _r__oved rotocol # (c><5 

t>l< > The results of testing will be given to the attending veterinarian or 
his/her designee for review prior to using these biologics in mice. 

V .4.5. Study endpoint 

In all experiments where jejunum or bone marrow cells will be harvested, mice 
will be anesthetized and euthanized by an overdose of isoflurane followed by cervical 
dislocation immediately before tissue collection at a preset time as described under 
experimental design (V.1 ). All mice that have survived beyond experimental duratiOlil 
(30 day post-irradiation) or for moribund mice, if any, will be euthanized by C02 
overdose followed by cervical dislocation. Naive mice, if not used in the experiments, 
will be transferred to another approved protocol, if possible, or euthanized. Animals in 
these studies may become morbid and hence it is critical to define criteria for 
euthanizing mice humanely without compromising the study objective and complying 
with the IACUC recommendations stipulated in Policy Letter #10. Mice will be 
considered morbid based on criteria described in policy# 10. Experimental mice that 
are found morbid, but not moribund, will be allowed to continue in the experimental 
protocol. Once mice are considered morbid, we will monitor them at least twice daily, 
early morning and late afternoon. 

Mice found moribund will be euthanized by trained and experienced personnel 
listed on this protocol or by trained/experienced VSD staff. Compressed C02 gas in a 
cylinder with a regulator will be used tor euthanasia in accordance with the current 
American Veterinary Medical Association (AVMA) Guidelines on Euthanasia. Cervical 
dislocation will be done following C02 overdose as a secondary method of euthanasia. 
Mice will be considered moribund based on criteria described in policy# 10. 
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The table provided in AFRRI IACUC Operating Policy# 10 (Guidelines for 
establishment of early end points in experiments with expected mortality) has been 
included below because this study will involve a large degree of lethality. 
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vm. Appendix A: Clinical Observations with Criteria for 
Euthanasia (Rodent) 

DATE: 

Appearance: 

Resp ira1ory rate: 

Time: Animal ID# 

Nonna I ( smoo1h coai. clear eyn/nOH) 
Hunched and/or nuffcd 
Ocular disch.arge, ..nd.'or ect.: .... 
Emacia1ed, dehydr111ed (skin lftll) •• 
Soft stools (fecal man er around anus) 
Bloody diarrhea 

Normnl breathing 
lncrea..cd brcalhing (double nonnaJ """· rapid, ~ll<>w) 
Abdominal breathing (l!A"ping +/.open moulh breathing)" 

Score 

0 
I 
3 
s 
s 
9 

0 
6 
12 

General Behavior: 
Normal (based on baseline observatio"') O 
Stretching of hind limbs wilh abdominal mo1ion (writhe)°' grim•ce [App. B and Cl I 
Decreased mobility 2 
Ata"ia, wobbly. weak** 6 
lnnbility to sland0 12 

Provoked Behavior: 
Nonmal (moves when cage is disturbrd. runs liom hand (mice) or investiu-tes (ml)) O 
Subdued; responds to siimu!ation (moves away briskly) I 
Subdued even to stimulation (moves away slowly) 3 
UnreS!'Onsive to gcnllc prodding •• 6 
Does nor righl when placed gently on side within S seconds• 12 

TOTAL 

DeOnitive criteria ror morbidity: 
Weight Loss up 10 10% buclinc {if available) .. 
Pale, white mucous membrane~ skin • • 
Fever > I 04F /40C (if available )0 • 

•• Rtganlleu of K<>n:, notify approprlal• person 
immediately. 

Score: 
<6 Normal 

Ddi11itin <riterla for mor11Mandil)': 
Wci&Jll Loss> 20%0R <ISg(adult m~se)• 
Blue mucous membranes/ ski" ((yanosis)0 

Cool to 1he touch cw <86Fl:IOC (if available)• 

•Regardless ofs.:ore, lmmedlat•ly tuthanlu 
(dHlh i. lmmill•nt) 

6 • 9 Morbid: Monitor at least 3 ii mes per day: noiify "l'Propriale penonnel immediately 
> 10 Moribund: Notify responsiblcperxwiMI immediwly foreuthanasia(ifno sing!ecrileria is J2°) 
Any single criteria of J 2 • eUlhan ize immedia1.ely: consider as ·found dead' 

(Nore~ This form docs not ha"'c 10 fill"....:! oot for c'VCT)· individual ill every ob!iia'va,ion.. so Jong. .us the aitcria arr us..'\I in informing 
dC'Cision~ nn lnc:reui:d rnonilnrina 3"dior (L1thnnmi::1. Ttils rorm ma~ b: uSir.."'d lo make• sprcoadshccl for gr~Dlcr ca.~ of multirk 

anim:11 obsetv~lions.. as Ion, QS lhii: ~.-nceria i1ftf.J numb.."rini system arc e..\.aetly 1."i•pied.> 

V.4.6. Euthanasia 

As already mentioned above under various headings, mice will be euthanized by 
overdose of isoflurane and cervical dislocation just before tissue collection. Terminal 
C02 euthanasia will be used for mice that have survived beyond experimental duration 
(30 day post-irradiation) or for moribund mice, if any. Compressed C02 gas in a cylinder 
with a regulator will be used for euthanasia in accordance with the current American 
Veterinary Medical Association (AVMA) Guidelines on Euthanasia. Cervical dislocation 
will be done following C02 overdose as a secondary method of euthanasia. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
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No special husbandry consideration needed. 

V.5.1 .1. Study Room: As assigned by VSD. 

V.5.1.2. Special Husbandry Provisions: None 

V.5.1.3. Exceptions 

Mice will be soclally (group) housed, except where there is a possibility tihat 
during survival studies cage mates may be lost through attrition and for a period! of time 
the sole surviving rnouse may remain singly housed until the end of the 30-day study. 

V.5.2. Veterinary Medical Care 

V .5.2.1. Routine Veterinary Medical Care 

As 1per Standard Operating Proceduresj vso staff will monitor all animals at l1east 
twice daily during morning and afternoon rounds. Any abnormalities will be reported 
immediat1ely to the on-call veterinarian and Pl. In addition, animals will be observed daily 
by this protocol's research staff. Any morbid mice will be observed twice a day (early 
morning and late afternoon) by the research staff. Pl staff will be responsible for before 
and after working hours observations of morbid mice. Any moribund mice wllf be 
euthanized as soon as possible. If needed, VSD veterinarian will be contacted for 
decision. 

V.5.2.2. Emergency Veterinary Medical Care 

Emergency veterinary medical care will include immediate euthanasia of any moribund 
mice. 

V.5.3. Environ1menta11 Enrichment 

V .5.3.1. Eru•it:h rflEH'lt Strategy 

Mice will be group housed and enrichment will be provided as per the VSD 
rodent enrichment SOP. 

V.5.3.2. Enrichment Restrictions: None 

VI. STUDY PERS,ONNEL QUALIFICATIONS AND TRAINING 

!NAME I DEG~EE I TRAINING I DATE PROCEDURES 
(b)(6) 

1 ;3,415,7 

1,3,4i5 
1,3;4,5 
1,3,4,5 
1,3,4,5 

1,3,4,5,7 
1,3,4,5,7 

ProGeclure and manlpulat!on codes: 
Code 1• ~liimal handling and euthanasia 
Code 2= Surgery (aseptic teclillique) pre· arid posl'·bpeialive care 
Code 3= Injections (3a~p. 3b,sc, 3e>gavage} · can say 3 if trained in a:IJ manipulations or add 3~1v 
Code 4., Blood collection under anesthesia (4a·cardiac, 4b-posterior vefla cava) 
Code 5= Tissue collection (after euthanasia) · doesn't need to be specific 
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Code 6 = Implantation (provide details) 
Code 7 = Others· (provide protocol specific manipulations or procedures for e.g., retro.orbital injection) 

VII. BIOHAZARDS/SAFETY 

There is no plan to use any potential biohazard. Standard laboratory safety 
precautions will be observed throughout this study 

VIII. ENCLOSURES 

Form 310 

List of references 

25 of 29 



X. ASSURANCES 

Protoco'I Title: Development of anti~ceramide reagent as mitigators of acute 
radiation gastrointestinal syndrome in mice (Mus musculus) 

As the Principal Investigator on this protocol, I acknowledge my responsibilit'ie·s and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specfffcally 
approved lby the IACUC prior to its implementation. 

IB. Duplication 1of Effort: I have made every effort to ensure that this protocol is not 
an unnecessary duplication of previous experiments. 

(~. Statistical Assurance: I assure that I have consulted with a qualified individual 
who evaluated the experimental design with res~ect to the statistical analysis; and that 
the minimum number of animals needed for scientific validity will be used, 

0. Bioha·zard I Safety: I have taken into consideration and made 1he proper 
coordinations regarding all applicable rules and regulations concerning radiation 
protection; biosafety, recombinant issues, and so forth . in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animar procedures J 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Responsibility; I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that alll individuals associated with this project will demonstrate a concern ~'or the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility, 0 which the DOD 
has embraced for implementing animal use alternatives where feasible aind conducting 
humane and lawful research. 

G. Sti.entiflc Review: This proposed animal use protocol has received appropriate 
peer scientific review and is consistent with good scientific research practice. 

H. Painful Procedure(s): (AM I AM NOTconducting biomedical experiments. 
which may potentially cause more tnan momentary or Ii hit pain or distress to animals. 
If applicaJble; potential pain and/or distress WILL I ~LL NO be relieved with the use of 
anesthetics, analgesics and/or tranquilizers. I have considered alternatives to such 
procedures; however, I have determined that alternative procedures are not available to 
accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(October 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and ti11e in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators {Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be or use to the IACUC during its review may be at1ached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property {e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
considered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpon other than to evaluate the protocol, without the wrltlen permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEi=ENSE SPONSORED ANIMAL RES£ARCH PROPOSAL SIGNATURE 
COOROINATION SHEET 

FOR IACUC USE ONL V 
PROTOCOL NUMBEAi {b)C5l I 

Submission Date: 8/26/2013 2rd Resubmission Date: 
Approved/Returned for 9/30/2013 

Approved/Approval Withheld by 
Revision: IACUC: 

15 ' Resubmission Date: 1 Oiat.2013 EXPIRATION DATE: 

A~proved/Returned rof 1 ll/1512013 Previous Protocol Nurnber (if 
Revision: related) 

SECOND TIER REVIEW 
fif teauiredl 

Subrnission Date: Approved/Returned for Revision: 
Approved/Returned ior 2ro Resubmission Dale: Revision: 
1s1 Resubmission Date: Approved/ Approval Withheld: 

NOiESto Pl: 
• To OJSPLA Y this Word document's red-text instructions, Review Vitw Dmloper 

single-click Word's Show/Hide button (shown, right), 
located in Word's top-of-page panel (click Word's 
"Home" tab if ShowiHide isn't displayed). 

• To HIDE the red-text instructions, single-dick the 
ShowJHide button again. 

· - , _ i -
· - .a- ... · - · · - s- t · 

10/14/2016 

-. 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make enities into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME O'F f .ACll .. rtY: Armed Forces Radiobiology Research Institute 

II. PROTOCOL NUMBERJ ..... <b_X6_l ----

Ill. PROTOCOL TITLE: Pediatric large animal model of AAS (Gottingen minipigs, Sus scrota 
domestfca) 

IV. PRl""CIPAL iN'\l.E_SILG_A'fO_R:l<b)t6) 

V. OE~PARTMENT HEAD: This animal use proposal received appropriate peer scienti!ic review and is 
consisqef1t with gobd scientific research practice. 

l(b)(6) I PhD, Lt Col; USAF Date 
Head, Scientific Research De~r!ment. AFRRI 
Telephcme:IC6)(6) I Faxl\b)(6) 1Cb>t6> I ____ __, 
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VI. STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that ttie m.1mMf of animals used is appropriate to obtain sufficient data and/or is not excessive, 
and the statistical design is appropriate for the intent of the study 

l(b)(6) I PhD Date 
Statistician 
T elephone: .. Rb ... k ... t>l ____ I Fax:l(6>(6) 

ltb516i I 
VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations. the Altending 
Veterinarian was consu~ted in the planning of procedures and manipulations that may cause more than 
slight or momentary pain or distress. even ii relieved by anesthetics or analgesics. 

Date 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFAR/ Form 310, EHS Research Protocol Hazard Analysis) 

fb)(6) Date 
Environmental Health and Safety Department. USUHS 
Telephone:fi6)16) - l F~t(b){6) I 

ltb)<6> I 
IX. IACUC APPRQVAb: This protocol was reviewed and approved by the Institute Animal Care and 
Use Committee on _ ____ _ 

(Date) 
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PAOfOCOL flTLE; Pediatric large animal model of ARS (Gottingen mihipigs, Sus scrota domesfica) 

PRINCIPAL INVESTIGATOR: ._116_)(6_) ___ _, 

1(6)(6> I PhD Date 
Principal invest igatorJ(b)(6) J ScientifiG Research Delrtment 
T el:l(bl\6J I Fa~,_(6_)(_6) ___ _.r E-maill,_ib_l(_~J _______ __,_ 

CO·INVESTIGATOR(S): ... l(b_J<B_> ____ __, 

AFRRI SCIENTIEIC RESEARCH PROTOCOL NUMBER~ ... (b-)(6_> __________ _, 

I. NON· TtCIHNICAL SYNOPSIS 
The relationship between radiation dose and the effect on health has been well established. 1-!owever, in 
addition to the dose absorbed other parameters such as genetic background, co-morbidities and age are 
considered as important risk factors. Very little information ls available on the AAS in children, except for 
the well-known 1increased risk for cancer development. Because children are still in an active growing 
phase, the effects of radiation are expected to be more severe than for adults. Furthermore, radiation 
countermeasures developed for adults cannot be assumed to be effective or safe for children without 
prior testing, due to the fact that organs of children are immature. and their physiological and metabolic 
features still developing. Consequences for administration of adult drugs to children include potential 
dilferences in drugs' PKtPD and mechanism of action. over· or under-medication and unanticipated 
adverse events. 

Under the FDA Animal Rule. data for radiation countermeasure efficacy testing can be extrapcla1ed from 
animal models, Developmeni of a pediatric large animal model for oharacierizafion of the Acute Radiation 
Syndrome as well as drug development is critical. The minipig represents an ideal animal model to test 
the effects of radiation on the pediatric population. Benefits ihclude short reproductive cycle, prol~ica.cy. 
large litter size, ease of cross-fostering, simllaritles in organ development. maturation, physiolog1y and 
anatomy to human pediatric population, multiple administration routes to test intact drug formul'ation for 
nnore immediate translation to humans, regulatory acceptance, large historical database and expertise 
available. Here, we propose to subject juvenile animals(< 3 mos of age) to irradiation and to determine 
dose-survival relationship. 

11. flAC!KGROuNO 
11.1. 

There Is very limited informaii0r1 available on iotal body irradiation (TBl)-ARS for demographics of 0-12 
years (children) or >75 years (elderly), and no treatment for age,specifio radiation injuries are being 
developed. Umited data suggest accentuated v·ulnerability in the very young, likely due to the immature 
immune system (1}. At an early age, tissue ana organ systems are still developing and are not fully 
mature. Data from adult animal models cannot be directly translated to the pediatric population because 
of major differences in the organ anatomy, physiology and metabolism between adults and pediatrics. 
Examples are represented by the different clearance mechanisms of llver and kidney, the immature 
immune system, the deveioplng CNS and the rapid growth of bones. Pharmacokinetics and 
pharmacodynamics are different in children. For the same reason. countermeasures shown to provide 
benefits to adults must be tested in animal models of age range appropriate to mimic the same 
developmental characteristics as the target population, 

Pediatric ahimal models. for development and testing of pediatric-friendly drugs, are urgently required. 
The Gotilngen miniplg represents a suitable animal modei io study !he infiuence of age on susceptlbiliiy 
to radiatioin insult. Here we proposed to use the Gottingen minipig to study the Aoute Radiation Syndrome 
in the pedlatric population. Juvenile minipigs have oeen used as model for hemorrhagic hypovolemic 
shock. lung injury, kidney replacement therapy. hemodynamics. cardiovascular pathophysiology. and 
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asphyxia among others. A table summarizing the age comparison between humans and the G, minipig Is 
reported below. 

Table 1. Aae comparison: human vs mini1>k:l -Human Minioia 
Neonate birth to 1 month birth to 1 month 
Infant 1 mo-2vr 4-8 wk 
Child 2-12vr 8wk-3 mo 
Adolescent 12 - 16 vr 3-5 mo 

- . . 
Stages in a mlnlp!g life ~ from : Ellegaard Gottingen Minipigs 

In previous years unae we have established a basic minipig mMel for the 
hematopoietic acute radiation syndrome H=ARS) (2=4). after total-body irradiation (TBI) and in the 
absence of supportive care. We characterized dose-response relationships at radiation doses spanning 
from H-ARS and the gastrointestinal (GI) AAS. Animals used were adults and of an age corresponding to 
humans > 16years. Use of a vascular access port ailowed us to obtain serial sarr1ples from the same 
animal. We were thus able to analyze hematological changes over time, hematopoietic progenitor stem 
cells, kinetics of DNA damage/repair and residual foci (gamrna-H2AX). circulating citrulline levels and 
microbiological status. In addition, we monitored organ function, and isolated peripheral blood 
mononuclear cells (PBMCs) and platelets for phenotypic and functional studies. Primary cell tines were 
obtained from tho lungs to study mechanisms of DNA repair in vitro. 

Our data so far confirm that minipigs provide an Ideal system to test drugs and to study the natural history 
of ARS. One of the many advantages of this large animal model is the opportunity to study dilferenl 
populations {pediatric. juvenile, adults, geriatrics) and both genders. Here, we propose to subject juvenile 
animals (<3 months of age) to irradiation and to determine dose-survival relationship. Survival studies will 
be done in the presence of minimum supportive care (antibiotics, antipyretic/anti-inflammatory, and 
dietary supplementation - no IV fluids or blood supplements). to address the potential issue represented 
by the proven sensitivity of the juvenile minipig and the expected increase in sensitivity in younger 
animals. To our knowledge, this ls the first attempt to estabhsh a pediatric model of AAS. The adult 
control group will be represented by animals irradiated ar approximately 4-5 months of age, and subjected 
to identical treatment as the pediatric cohorts. During this project, we will (i) develop and assess basic 
operating protocols for animal housing, handling, blood collection in a pediatric minipig model, (ii) 
measure normal growth rate of pediatric minipigs model, and (iii) establish dose-survival relationship in 
irradiated pediatric minipigs. 
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11.2. Literature Search for Duplication 
11.2.1. Literature Sources Searched BRO, RePORTER, PubMed 
11.2.2. Date of Search , July 14, 2013 
11.2.3. Period of Search 
BRO: 1998 - 2009 
RePORTER: 1998-2013 
Pubmed: 1998-2013 

11.2.4. Key Words of Search 
Minipigs OR swine AND Radiation AND pediatrics OR pediatric OR juvenile 

11.2.5. Results of Search 

BAD database: 
Keyword Minipig ................................................. 25 results (not relevant) 
1) Low-Level Chemical Agent Toxicology: Feasibility of the Minipig as a Non-Rodent Model for Studying 

Effects of Whole-Body Sarin (GB) Vapor Exposure 
2) Inhalation Toxicity of Sarin (GB) and Cyclo-Sarin (GF} Vapor in the Gottingen Minipig: Low-Level 

Threshold Effects and Lethality 
3) Inhalation Toxicity of Sarin (GB) and Cyclo-Sarin (GF} Vapor in the Gottingen Minipig: Low-Level 

Threshold Effects and Lethality 
4) Pilot study: Development of Gottingen minipig (Sus scrota domestica) as radiation injury model 
5) Inhalation Toxicity of Sarin (GB) and Cyclo-Sarin (GF} Vapor in the Gottingen Minipig: Low-Level 

Threshold Effects and Lethality 
6) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 
7) Inhalation Toxicity of Sarin (GB} and Cyclo-Sarin (GB) Vapor in the Gottingen Minipig: Low-Level 

Threshold Effects and Lethality 
8) Inhalation Toxicity of Sarin (GB) and Cyclo-Sarin (GB) Vapor in the Gottingen Minipig: Low-Level 

Threshold Effects and Lethality 
9) Miotic and Lethal Effects of VX Vapor Inhalation Exposure in the Gottingen Minipig 
1 O) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation 
11) Miotic and Lethal Effects of VX Vapor Inhalation Exposure in the Gottingen Minipig 
12) Efficacy of Human Butyrylcholinesterase as a Pretreatment Against Nerve Agent Exposure in the 

Gottingen Minipig 
13) Efficacy of Human Butyrylcholinesterase (Hu BChE) as a Pretreatment Against Nerve Agent 

Exposure 
14) Efficacy of Human Butyrylcholinesterase (Hu BChE) as a Pretreatment Against Nerve Agent 

Exposure 
15) Efficacy of Human Butyrylcholinesterase (Hu BChE) as a Pretreatment Against Nerve Agent 

Exposure 
16) Analysis of Depth of Ablation, Thermal Damage, and Wound Healing with a Novel Erbium: YAG 

Laser 
17) Exploratory Assessment of Im mediate Behavioral Effects Of TASER-Like Devices On Swine 
18) Effects of Vasopressin Infusion on Systemic Organ Perfusion in a Porcine (Sus scrota) Model of 

Vasodilatory Shock 
19) Exploratory Assessment of Im mediate Behavioral Effects Of TASER-Like Devices On Swine 
20) Effects of Vasopressin Infusion on Systemic Organ Perfusion in a Porcine (Sus scrola) Model of 

Vasodilatory Shock 
21) Exploratory Assessment of Immediate Behavioral Effects Of TASER-Like Devices On Swine 
22) Characterization of Freeze-Dried Platelet-Rich Plasma for Use in Hemostasis and Wound Healing of 

Oral and Maxillofacial Trauma 
23) Characterization of Freeze-Dried Platelet-Rich Plasma for Use in Hemostasis and Wound Healing of 

Oral and Maxillofacial Trauma 
24) Characterization of Freeze-Dried Platelet-Rich Plasma for Use in Hemostasis and Wound Healing of 

Oral and Maxillofacial Trauma 
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25) Comparison of Exposure Duration, Mode of Administration, and Method of Decontamination of VX on 
LD50 in Male New Zealand White Rabbits 

Keyword Minipig +radiation: ................................. 4 results 
1) Implantation Techniques and Specific Absorption Rates for Swine (Sus scrofa) in Directed Energy 
Health and Safety Studies 
2) Pilot study: Development of Gottingen minipig (Sus scrota domestica) as radiation injury model 
3) NIRVANA: Non-Ionizing Radiation Vision for a New Army 
4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics 

Keyword Minipig + radiation+pediatrics: ................... 0 results 
Keyword Mini pig + radiation+pediatric: ..................... 0 results 
Keyword Mini pig + radiation+juvenile: ...................... 0 results 

Keyword Swine: ................................................. 223 results 
Keyword Swine+ radiation: ................................. 4 results 

1) Implantation Techniques and Specific Absorption Rates for Swine (Sus scrota) in Directed Energy 
Health and Safety Studies 
2) Pilot study: Development of Gottingen minipig (Sus scrota domestica) as radiation injury model 
3) NIRVANA: Non-Ionizing Radiation Vision for a New Army 
4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics 

Keyword Swine+ radiation+pediatrics: 
Keyword Swine+ radiation+pediatric: 
Keyword Swine+ radiation+juvenile: 

RePORTER database: 
Keyword Minipig: ....................................... 8 results (4 not relevant to this project) 

1. DEVELOP RADIATION INJURY MODEL: GOTTlNGEN MINIPIG (SUS SCROFA DOMESTICA) 
2. DEVELOP RADIATION INJURY MODEL USING THE GOTTINGEN MINIPIG 
3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK - AFRRl/IAA 
4. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK 

Keyword Minipig +radiation: ................................ .4 results (same as above) 
Keyword Minipig + radiation+pediatrics: ................... O results 
Keyword Mini pig + radiation+pediatric: ..................... 0 results 
Keyword Mini pig + radiation+juvenile: ...................... 0 results 

Keyword Swine ........................... ............... ....... 10742 results 
Keyword Swine+ radiation: ................................. 840 results (not relevant to this project, covering 
progenitor cells, trabecular response to laser, ssdna viruses, aqueous humor, stents, myoblast therapy 
and angiomyogenesis, kidney stones, salivary glands, imaging, microfluidics, proton radiation therapy, 
cancer, ablation, sunlight and vitamins, adrenergic receptors, cardiovascular research, pharmacology, 
dosimetry in hyperthermia, vaccines, surgical implantations, gene and protein expression, oxidative 
metabolism, thermobrachytherapy, heat and irradiation, infections, gene/cell therapy, diagnostics, SARS, 
bowel disease, organ calcification, arterial properties from stimulated acoustical emission, angiogenesis, 
wound healing, engraftment and others not related to this project) 

Keyword Swine+ radiation+pediatrics: ...................... 23 results (not relevant to this project. covering 
xenografts, extravasation, imaging, circulation, scar expansion, cystic fibrosis) 

Keyword Swine+ radiation+pediatric: ...................... 5 results (not relevant to this project) 
1) EARLY DETECTION OF NEONATAL & PEDIATRIC EXTRAVASATIONS (1999) 
2) EARLY DETECTION OF NEONATAL & PEDIATRIC EXTRAVASATIONS (1998) 
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3) EARLY DETECTION OF NEONATAL & PEDIATRIC EXTRAVASATIONS (1993) 
4) ENDOVASCULAR SURGERY SYSTEM FOR ATRIAL SEPTAL DEFECT REPAIR 
5) MINORITY SUMMER RESEARCH TRAINING PROGRAM (MSATP) 

Keyword Swine+ radiation+juvenile: ...................... 8 results (not relevant to this project) 
1) SHORT COURSE: lNTEGAA TIVE AND ORGAN SYSTEMS PHARMACOLOGY 
2) MANIPULATING AROMATICITY: CHARACTERIZATION OF AN ULTRA-RAPID INSULIN ANALOG 
3) MANIPULATING AROMATICITY: CHARACTERIZATION OF AN ULTRA-RAPID INSULIN ANALOG 
4) RAPID MRI MEASURES OF ABSOLUTE FAT MASS IN ADIPOSE TISSUE AND ORGANS 
5) RAPID MRI MEASURES OF ABSOLUTE FAT MASS IN ADIPOSE TISSUE AND ORGANS 
6) NONINVASIVE ASSESSMENT OF PANCREATIC BETA-CELL MASS 
7) NONINVASIVE ASSESSMENT OF PANCREATIC BETA-CELL MASS 
8) LONGEVITY AND STRESS RESISTANCE 

PUBMED database: 
Keyword Minipig .................................................. 5959 results 
Keyword Minipig +radiation: ................................. 232 results() 
Keyword Minipig + radiation+pediatrics: ................... 0 results 
Keyword Minipig + radiation+pediatric: .................. 0 results 
Keyword Mini pig + radiation+juvenile: ..................... 2 results (not relevant to this project) 
1) Mortality rates of interventional and surgical procedures performed in domestic juvenile farm pigs and 

Yucatan mini-pigs. 
2) Thymic transplantation in miniature swine. I. Development and function of the "thymokidney". 

Keyword Swine .......................................... ....... 178021 results 
Keyword Swine+ radiation: ..................................... 4334 results 

Keyword Swine+ radiation+pediatrics: ...................... 10 results (not relevant to this project) 
1) Evaluation of ultra-low dose CT in the diagnosis of pediatric-like fractures using an experimental 

animal study. 
2) (EZ)-Cyclobi!irubin formation from bilirubin in complex with serum albumin derived from various 

species. 
3) NADPH oxidases and reactive oxygen species at different stages of chronic hypoxia-induced 

pulmonary hypertension in newborn piglets. 
4) Tyrosine phosphorylation of neuronal nitric oxide synthase (nNOS) during hypoxia in the cerebral 

cortex of newborn piglets: the role of nitric oxide. 
5) Reactive oxygen species from NADPH oxidase contribute to altered pulmonary vascular responses in 

piglets with chronic hypoxia-induced pulmonary hypertension. 
6) Dexamethasone prevents alteration of tight junction-associated proteins and barrier function in 

porcine choroid plexus epithelial cells after infection with Streptococcus suis in vitro. 
7) Continuous, noninvasive, and localized microvascular tissue oximetry using visible light spectroscopy. 
8) Non-human to human organ transplantation: its biologic basis and a potential role for radiation 

therapy. 
9) Light induces peroxidation in retina by activating prostaglandin G/H synthase. 
1 O) In vivo studies of UV-B-irradiated adult pig islets in diabetic mice. 

Keyword Swine+ radiation+pediatric: ...................... 28 results (not relevant to this project) 
1) Vesicoureteral reflux in young children: a study of radiometric thermometry as detection modality 

using an ex vivo porcine model. 
2) Pediatric fracture diagnosis--u!tra-low-dose CT with an effective dose equal to that of radiographs. 
3) Evaluation of ultra-low dose CT in the diagnosis of pediatric-like fractures using an experimental 

animal study. 
4) Enhanced endothe!ialization on surface modified poly(L-lactic acid) substrates. 
5) AF ablation at low frequencies for targeted tumor heating: in vitro and computational modeling 

results. 
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6) (EZ)-Cyclobilirubin formation from bilirubin in complex with serum albumin derived from various 
species. 

7) Sequential activation of ground pads reduces skin heating during radiofrequency tumor ablation: in 
vivo porcine results. 

8) NADPH oxidases and reactive oxygen species at different stages of chronic hypoxia-induced 
pulmonary hypertension in newborn piglets. 

9) Diffuse optical monitoring of hemodynamic changes in piglet brain with closed head injury. 
10) Tyrosine phosphorylation of neuronal nitric oxide synthase (nNOS) during hypoxia in the cerebral 

cortex of newborn piglets: the role of nitric oxide. 
11) Reactive oxygen species from NADPH oxidase contribute to altered pulmonary vascular responses in 

piglets with chronic hypoxia-induced pulmonary hypertension. 
12) Dexamethasone prevents alteration of tight junction-associated proteins and barrier function in 

porcine choroid plexus epithelial cells after infection with Streptococcus suis in vitro. 
13) Detection of simulated inflicted metaphyseal fractures in a fetal pig model: image optimization and 

dose reduction with computed radiography. 
14) An electrode array that minimizes blood loss for radiofrequency-assisted hepa1ic resection. 
15) Evaluation of a reduced dose protocol for respiratory gated lung computed tomography in an animal 

model. 
16) Radiation exposure reduction during voiding cystourethrography in a pediatric porcine model of 

vesicoureteral reflux. 
17) SLiC technique. A novel approach to percutaneous gastrostomy. 
18) 16-MDCT of the posttraumatic pediatric elbow: optimum parameters and associated radiationdose. 
19) Continuous, noninvasive, and localized microvascular tissue oximetry using visible light spectroscopy. 
20) Porcine kallikrein-4 activation, glycosylation, activity, and expression in prokaryotic and eukaryotic 

hosts. 

Keyword Swine+ radiation+juvenile: .................................. 21 results (not relevant to this project) 
1) Reconstructing the sequence of events surrounding body disposition based on color staining of 

bone. 
2) Phenotypic and genetic characterization of a novel phenotype in pigs characterized by 

juvenilehair!essness and age dependent emphysema. 
3) Efficacy and safety of absorbable metallic stents with adjunct intracoronary beta radiation in 

porcine coronary arteries. 
4) Computed tomography dose and variability of airway dimension measurements: how low can we 

go? 
5) Porcine Parkin: molecular cloning of PARK2 cDNA, expression analysis, and identification of a 

splicing variant. 
6) Effect of monopolar radiofrequency treatment over soft-tissue fillers in an animal model: part 2. 
7) Effects of monopolar radiofrequency treatment over soft-tissue fillers in an animal model. 
8) Prevention of porcine aortic wall calcification by acellularization: necessity for a non

glutaraldehyde-based fixation treatment. 
9) Mortality rates of interventional and surgical procedures performed in domestic juvenile farm pigs 

and Yucatan mini-pigs. 
1 O) Histopathologic alterations after endovascular radiation and antiproliferative stents: similarities 

and differences. 
11) Decreased adventitial neovascularization after intracoronary irradiation in swine: a time course 

study. 
12) Differential remodeling after balloon overstretch injury and either beta- or gamma-

intracoronaryradiation of porcine coronary arteries. 
13) Radioactive beta-emitting solution-filled balloon treatment prevents porcine coronary restenosis. 
14) Thymic transplantation in miniature swine. J. Development and function of the "thymokidney". 
15) Effects of intracoronary radiation on thrombosis after balloon overstretch injury in the porcine 

model. 
16) The human intrinsic factor-vitamin 812 receptor, cubilin: molecular characterization and 

chromosomal mapping of the gene to 1 Op within the autosomal recessive megaloblastic anemia 
{MGA 1 ) reg ion. 
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17) Vascular endothelial growth factor (VEGF) expression during arterial repair in the pig. 
18) The role of the adventitia in the arterial response to angioplasty: the effect of 

intravascularradiation. 
19) lntracoronary irradiation: dose response for the prevention of restenosis in swine. 
20) lntracoronary irradiation markedly reduces neointimal proliferation after balloon angioplasty in 

swine: persistent benefit at 6-month follow-up. 
21) lntracoronary irradiation markedly reduces restenosis after balloon angioplasty in a porcine 

model. 
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Ill. OBJECTIVE I HYPOTHESIS 

Hypothesis: it is possible to establish a pediatric minipig model of ARS (corresponding to humans 1-12 
years) 

Objectives: 
(i) establish protocols and procedures for handling and housing of minipigs <3 months of age at AFRRJ 

(ii) safely obtain multiple blood samples from pediatric minipigs tor CBC counts; and measure animal 
growth 

(iii) irradiate minipigs of pediatric age, establish survival probit curves and monitor signs and symptoms of 
ARS. 

IV. MILITARY RELEVANCE 
According to the DoD Chemical and Biological Defense Program 2009 Annual Report to Congress (6): 
"Although the overall number of nuclear weapons continues to decline because of Russian and U.S. 
treaty commitments, the United States anticipates an increase in weapon numbers in China, India, and 
Pakistan. Motivated by economic and strategic interests, Russia and China (or political entities in each} 
and North Korea continue to supply technologies and components that are dual use and could support 
weapons of mass destruction and missile programs, especially in the Middle East and South Asia. Iran 
continues to develop its enrichment program in defiance of United Nations (U.N.) Security Council 
resolutions and also continues to build a heavy water reactor in Arak, which will be capable of producing 
plutonium that cou!d be weaponized. While North Korea has halted portions of its nuclear program, it is 
possible that it has stockpiled several nuclear weapons from plutonium produced at Yongbyon. Non
nuclear radiological dispersal devices (ROD) and radiological exposure devices (RED) pose a significant 
potential threat especially in the hands of non-state groups ... Contamination and recovery issues 
associated with operating in a radiological environment remain significant concerns for military operations 
and underscore the need for robust detection, protection, and decontamination systems." 

Although there is no direct military relevance in developing a pediatric animal model of radiation injury, 
terrorist attacks are renowned tor involving also civilian populations, including children. The use of sarin 
gas on the civilian population in Damascus, Syria, on August 2~ 2013, left men, women and children 
injured or dead and it is just one of the testimonies of the type of atrocities perpetrated by extremist 
groups. Terrorist attacks may extend to military installations housing families with children. Currently, 
there is no safe and non-toxic radiation countermeasure available for adults or children. Both early and 
late health effects of radiation exposure are major concerns for the military. Developing countermeasures 
to radiation exposure is a top priority 1or the US Department of Defense. Effective countermeasures 
would expand the options available to field commanders operating Ionizing Radiation (here defined as IR) 
threat environments, and improve the morale of personnel at risk of exposure to IA. DoD Defense 
Technology Objective MD.18 states: "Effective mitigation of health consequences [of IR] will (1) reduce 
casualty load at medical treatment facilities, (2} sustain a more effective operational force after a radiation 
exposure event, (3} allow commanders to conduct operations in radiation field environments without 
undue risk of decremented performance of personnel due to acute tissue injury, and (4) reduce the 
negative psychological impact on personnel tasked to operate in contaminated environments." 

An important barrier to advanced development of radiation countermeasures is the paucity of large, long
lived, non-rodent animal models of radiation injury. The only choices at present are NHPs and canines. 
The advanced evolutionary stage of NHPs, and the expense and danger of working with NHPs, are also 
disadvantages. Canines are notoriously sensitive to NSAID and vomiting. The addition of miniature swine 
to available large animal radiation injury models would facilitate development of promising 
cou nterm eas ures. 
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V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

The purpose of this study is to establish: 1) Establish protocols and procedures for handling, housing, 
feeding of pediatric minipigs; 2} Establish protocols and procedures for taking multiple blood samples 
from pediatric minipig model; and 3) Establish a probit curve for dose-survival relationship. 
Health of animals will be monitored at least twice-daily, CBC/differential will be measured on the days 
indicated below (except in emergency cases, where blood for CBC counts will be taken per VSD 
veterinarian request). An implantable Micro Identification transponder with programmable Temperature 
Transponder (Bio Med Data System) will be implanted subcutaneously to monitor body temperature (see 
section V.4.4.7. Other Procedures). We will determine if an externalized catheter will improve ease of 
blood draws (see section V.4.4.7. Other Procedures). In case of catheter malfunction or if the catheter 
needs to be removed, we will access alternative veins (see list of potential sites under section 
V.4.4.2.Blosamples "Collection of blood samples"). This experiment will utilize irradiation procedures 
perfected during the experiments performed under IACUC protocol 2008-04-003 and 2011-04-003. 
Sham-irradiated Gottingen minipigs and minipigs gamma-irradiated at various doses will be compared in 
studies of radiation/mortality dose response, and invasive and non-invasive biological markers indicating 
severity of injury. 

Number of animals requested for Experiment 1 +2 = 6 total (3 animals 5-weeks old + 3 animals 9-
weeks old). 

Number of animals requested for Experiment 3 = 72 animals = 30 (age 5 weeks) +30 (age 9 weeks) 
+12 (age 4-5 months}. 

V.1.1. Experiment 1: handling and housing of pediatric minlpigs (5 weeks and older) 
Up until now, we have been dealing with adult Gottingen minipigs; protocols and procedures for handling 
and housing of minipigs <3 months of age at AFRRI are not yet in place and need to be established. 
Guidelines from the breeder, Marshall Bioresources, will be followed as much as possible (see attached 
"Housing and Care Recommendations for the Marshall Gottingen Piglets" and excerpts below). 
However, if necessary, modification may be introduced to reflect institutional and project requirements, as 
described below. 

Quarantine and housing (see V.5.1. Husbandry Considerations): animals will be quarantined for 7 days, 
after which an externalized catheter may be implanted in the jugular vein (for animals of age <4 months, 
use of a VAP for long period of time may not be feasible}. During the time of quarantine, animals may be 
group-housed; however, after implantation of the catheter and/or irradiation, animals will be single 
housed. Parameters such as food intake need to be monitored on a single animal basis, as anorexia is 
one of the criteria used for euthanasia. This would not be possible under group-housing conditions. 
Furthermore, pushing and biting is a normal and expected behavior in social animals while establishing a 
hierarchy in each new group; because of the immunocompromised and thrombocytopenic status of the 
irradiated animals, the potential of wounding and infection must be reduced to the minimum. 

Feeding, Water (see V.5.1.2. Special Husbandry Provisions): normal weaning age is at 4 weeks. When 
the piglets are weaned their diet is mixed with a milk supplement for the first 2-4 weeks after weaning. 
This procedure will be continued until B weeks of age, when the piglets will be gradually transitioned to a 
grower maintenance diet (only dry pellets). Milk/formula supplement will be continued after irradiation 
throughout the duration of the study in addition to the dry pellets. During the weaning time, we will also 
provide pedialyte as nutritional supplements, in view of the supportive care treatment that the animals will 
receive after irradiation. 

Water is offered ad libitum to piglets from 5 days of birth and older via automatic watering. The proper 
height for automatic water nipples is about 1/2 - 1 inch above the top of the pig I piglets shoulder. It is very 
important to make routine adjustments (weekly) in the height of the water nipples as piglets grow. 
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V.1.2. Experiment 2: to establish procedures for catheter Implantation, blood draw and 
measurement of animal growth in animals 5 weeks old and older. 
Blood counts and the dose that cause 50% of lethality (LOSO) are among the most useful terms for AAS 
comparison across categories (species, age, co-morbidities etc). Indication of blood counts a11er 
irradiation together with the determination of the LD50 will be critical in the characterization of a pediatric 
model of AAS. The minipig is emerging as a valid alternative to NHP and dogs as a large animal model 
for the AAS. We have optimized the implantation and patency of Vascular Access Port (VAPs) in animals 
>4 months old, in order to obtain serial blood samples. By this age, skeletal growth rale has slowed down 
and an internal catheter can be safely left in place for at least 3 months (4). For animals of age <4 
months. use of a VAP for long period of time may not be feasible. Growth rate of minipigs is highest 
between birth and 4 months of age (Figure 1); use of an internal catheter may require frequent 
adjustments in the catheter length after just a few weeks after implantation. In the case of irradiated 
minipigs, where blood cytopenia and susceptibility to infection and bleeding are among the leading 
causes or death, any major surgical intervention is expected to negaUvely impact 1he outcome. 

_ _.. •• ,.,.-.pg 
..... _ "'9 -...... 

0 • • ,. J2 t i t fl 

""'~ ............ 
Fig. 1. Body weight (BW) and average daily growth curves expressed as percentage of the maXJmum BW for 
Gottingen minipig, Yorkshire pig, Young Hair goat, and Suffolk sheep. Growth curves acquired from Gompertz or 
Richards growth function as determined in the literature. From: Alex K. Roth, Rob Bogie, Eva Jacobs,, Jacobus J. 
Arts, Lodewijk W. van Rhijn, Large animal models in fusionless scoliosis correction research: a literature review. The 
Spine Journal 13 (2013) 67~88. 

Our long term goal is to be able to collect sufficient amount of blood for CBC counts and other 
experiments from irradiated pediatric animals and age-matched sham-controls, within allowed limits, ("A/I 
nontenninal blood collection without replacement of fluids is limited up to t 0% of total circulating blood 
volume in healthy, normal, adult animals on a single occasion and collection may be repeated after 3 to 4 
weeks. In caso repeated blood samples are required at short intervals, a maximum of 0. 6 mVkglday or 
1.0% of an animal's total blood volume can be removed every 24 hour'j, up to three times a week and up 
to 60 days after irradiation and to establish basic preliminary, non-invasive assessment for future studies. 
See below calculated blood volumes per weight of animals. No more than 7% will be drawn in any one 7-
day period, followed by a 7-day recovery period. and when performing serial bleeds, 24-hours of rest 
should be allowed for each 1% of body weight sampled up to a maximum of 21 % of total blood volume 
within a 21-day period. A 7-day rest period must be observed whenever the maximum allowable 21 ·day 
volume has been attained. 

Table 2: Relationship between age, weight and circulating blood volume. 
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Total circulating 1 % total circulating 10% total circulating 
Age Weight (kg) blood volume (ml) blood volume (ml) blood volume (ml) 

4-5 Weeks• 2-4 130-260 1.3 - 2.6 13-26 

5·6 Weeks• 2·4 130-260 1.3" 2.6 13-26 
6·7 Weeks• 3-5 198-330 approx 2-3 approx 20-30 

7-8 Weeks* 3-5 198-330 approx 2-3 approx 20-30 
2 • 3 Months 5-7 330-462 approx 3-4.5 approx 30-45 

3-4 Months 7-9 462-594 approx 4.5-6 approx 45-60 
4- 5 Months 9-11 594-726 approx 6-7 approx 60-70 

On average, the lolal crrculaling blood volume is equal lo 5.5-7.0 % ( .. ·&6 n1l!kg) of the an1nial's bodywe1gl1t. 

Blood sampling: blood may be used for CBC counts, and, if time and resource allow it, for in vitro/ex vivo 
studies (i.e. biodosimetry assays, mechanistic studies, immunophenotypic characterization of immune cell 
subsets etc}. 

In Experiment 2, we propose to: (i} evaluate alternative ways to obtain serial blood samples, and (ii) 
assess growth of normal animals. 

Experiment 2.1): Evaluate alternative ways to obtain serial blood samples, i.e. from externalized 
catheters and peripheral veins. 

Using animals that will be sham irradiated, VSD personnel will attempt to sonographically guide the 
placement of an intravenous catheter in the jugular or femoral vein, for serial blood sampling, as 
described in (5) (see section V.4.4.7. Other Procedures}. Ultrasound imaging is routinely used to 
facilitate safe, minimally invasive puncture of deep vessels; the described procedure is fast and results in 
no physiological complications. Ultrasound is used to visualize the jugular vein and the needle as it enters 
the vein, enhancing success (otherwise, this would be a blind technique in the pig}. VSD has an 
ultrasound machine. VSD personnel will perform this technique- either a veterinarian or a properly trained 
technician. We would likely sedate with telazol the same as for irradiation, though it can be performed in 
the awake animal. Alternatively, if placement of the catheter fails and/or catheter loses patency, we will 
collect blood from peripheral veins such as auricular, femoral, cephalic, saphenous etc, with the animal 
under sedation (see section V.4.4.7. Other Procedures}. Blood wilt be collected once before irradiation, 
and, with day O being the day of sham-irradiation, on days 0, 1, 3, and once a week after that, up to 60 
days. Blood collected will not exceed 1 % of total blood volume. 

Experiment 2.2): Measurement of normal animal growth 
-Body weight and skeletal development. At least once a week, we will measure body weight and take 
measurements of skeletal development such as: height (cm, from shoulder to floor) and length (cm, from 
snout to base of tail). As a guide, minipigs should gain roughly 0.5 kg per week, from 2 month of age until 
they are 12 months of age. We will also record vitals (T, HR and RR}, and standard animal health check 
status (i.e. hydration status, hair coat, skin quality). 
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- Weigbt gf tih.e.Jtta jn OlQMS, At the time of euthanasia we will take the weight of the main organs (i.e. 
heart) lungs, s15leen. liver. kldMY). for comparisOl'i with those :o1 irradiated animals (secoM portior'I of this 
study). 
Irradiated animals Will be followed for at least 45 da.vs after irradiation (45-day survival study); depending 
on availability of space and funds, animals may be observed up to 60 days from the day of irradiation, to 
obtain prel iminary information about longer 60-day survival. Animals will be euthanized when they reach 
endpoint criteria or within 60 days from the day of irradiation, whichever comes first. 
-Radiographs of the epipbvseal ptates may be taken at the time of or prior to euthanasia, on seda1ed 
animals. Sedation will be the same as for irradiation (telazol) , though dose may be on the lower side as 
duration of effect does not necessarily need to be so long. 

Experiment 3: to determine age group-specific problt curves following Irradiation with Co~O (TBI, 
0.6 Gy/min). 
There Is very limited information available on TEll·ARS for demographics of 0· 12 years (children) or :>75 
years (elderly), and no treatment for age~specilic radiation injuries are being developed. We propose to 
subject juvenile animals (<3 monihs of age) to irradiation and establish a dose-survival relationship. 
We will determine 2 problt curves, one for animal in the age range of 4-8 wks (representing 1 mo·2 yr 
humans) and the other one for animals in the range of 8 wks-3 mo (representing 2-12 yr humans). 
Animals will be administered minimum supportive care on a pre-fixed, standard regimen (see regimen for 
supportive care below). Probit curves will be compared to data obtairied from young adult animals (5 
months of age) administered the identical supportive care as the pediatric animals and irradiated at doses 
approaching the LD 1 o and LD90 (1.6 Gy and 2.0 Gy, respectively) . This is not a repetition ot our past 
minipig studies employing adult animals , since those studies were done In the absence of supportive 
care. Inclusion of adult animals is essential to establish preliminary observation regarding age·dependen~ 
dose-responses. 

Irradiation: Irradiation wilt be total body, at the dose rate of 0.6 Gy/min (gamma photons, Co-60). 
Groups will be of 6 animals per dose (n=30 animal total). For each age group, we will begin with doses of 
1.6 and 2.0 Gy, and will then choose 3 additional doses based on the results of the initial experiments 
and in consultation with a siatistician. We do not expect to reach doses higher than 3.2 Gy. In order to 
determine if pediatrics are more sensitive 10 radiation-induced lethality. we will use a ·control" age group, 
consisting of young adult animals {5 month old). For the control group, we will irradiated at 1.6 and 2.0 
Gy, n=6 animals per dose); these doses represent the LD10 and LD100 for 5 month-old animals in the 
absence of supportive care (our historical data), and will provide a preliminary indication about the effect 
of supportive care on survival and the age0 dependent difference in sensitivity. A complete dose response 
curve for 5-month old animals in the presence of supportive care is nol the focus of this study. Below is 
reporled the study protocol for this experiment. 
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Table 3: Study protocol 
45-day survival study, 

1 week quarantine, minimum 
supportive care 

Age6 weeks Age t Oweeks 

Group 1 (survival+ blood draws) 6 animals (3x 1.6 Gy, + 3x 2.0) 6 animals (3x 1.6 Gy, + 3x 2.0) 

Group 2 (survival+ blood draws) 5 animals (3x 1 .6 Gy, + 3x 2.0) 6 animals (3x 1.6 Gy, + 3x 2.0) 

Group 3 (survival+ blood draws) 6 animals [dose t.b.d) 6 animals {dose t.b.d) 

Group 4 (survival+ blood draws) 6 animals [dose t.b.d) 6 animals {dose t.b.d) 

Group 5 (survival ... blood draws) 6 animals (dose t.b.d) 6 animals {dose l.b.d) 

TOTAL (72) 30 30 

Age 5 months 

2 animals 1.6 Gy 
+ 2 animals 2.0 Gy 

2animals1.6Gy 
.. 2 animals 2.0 Gy 

2 animals 1.6 Gy 
"'2 animals 2.0 Gy 

12 

Endpoints will be 45-day survival, CBC counts (if determined feasible from results of Experiment 2.1 and 
as per schedule described in V.4.4.7. Other Procedures). signs and symptoms, and measurement of 
animal growth. 
Animals will be observed for a minimum of 45 days and up to 60 days after irradiation. 
Signs and symptoms: vi tals (T, HA and AA). body weight, and standard animal health check status (i.e. 
hydration status, hair coat, skin quality etc) 
Measurement of animal growth will be taken as described in Experiment 1.2) 

Supportive care: Animals will be administered minimum supportive care (defined here as antibiotics, 
antipyretic/anti-inflammatory, and dietary supplementation} on a standardized regimen. No IV fluids will 
be provided. Treatment schedule is chosen based on our historic dataset with TBI at doses 1.6 -12 Gy 
and reflects time to recovery of bone marrow alter irradiation. 

T bl 4 S rf a e : UDDO rve care 
Treatment Reoimen Admin route StarVend 
Antibiotics Enrofloxacin (Baytril} For animals 3- 3·30d 

10 kg, 3 ml of 
0.5% oral 
solution sw· PO (or /Mo r /Vil 

PO not possible) 

For animals 
>10kg,5-7 
mqfkg SID 

Antipyretic/anti- Carproten (Rimadyl) 2.2-4.4 mg/kg PO (or IM or /Vif 3·30d 
inflammatory BfD PO not possible) 
Dietary Age-appropriate Througtiout study, as 
Supplementation food, milk/formula, necessary 

Pedialyte. 
Metamucil, canned 
fruits and 
vegetables. NO 
RAW FOOD 

* ht1p://www.animalhealth.baver.com/5293.0.html; if dosage is inadequate to cope with challenges from radiation 
damage, we will use ~he "adul\" dosage of 5-7 rnglkd SID. 

V .2. Data Analysis 
The dose response relationship {ORR) will be plotted as probit percent mortality versus linear dose. Probit 
regression analysis will be used to generate the probit curves. using the PASW Statistic 18 software, 
SPSS Inc, IL, USA and preliminary values for LD30, LD50, and LD70will be obtained. Survival data from 
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the probit curve generated in Experiment 3 will be compared to our historical probit curve generated in the 
absence of supportive care (3). 

For the generation of the dose-response curve, the LD30, 50 and 70 will be estimated using the probit 
method. This method allows for construction of confidence intervals to describe the precision of the 
estimated lethal doses. The width of the confidence interval depends on the number of doses, number of 
animals per dose, and the slope of the dose-response curve, and a narrow interval indicates a more 
reliable estimate. We propose to use five doses and six animals per dose. For a dose-response curve 
ranging from 1.6 to 2.0 Gy with mortality rates of .1, .3, .5, .7 and .9 percent for the five doses, the 
expected width of the 95% confidence interval for the LD50 will be 0.3 Gy, and the expected width of the 
95% confidence interval for the LD30 and LD70 will be .5 Gy. Expected confidence interval widths are 
based on the average of 1,000 simulated data sets using the study design and mortality parameters 
indicated. 

Survival data from young adult animals, administered identical supportive care as the pediatric 
population, will serve two purposes: to gain preliminary insight into the effect of age on sensitivity to 
radiation (group 1 vs group 2), and to gain preliminary insight into the efficacy of supportive care on 
survival (group 2 vs group 3). 

This stud 
This stud 
Historical data 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered. 

The purpose of this project is to determine the effect of age and supportive care on survival. There is no 
computer model or tissue culture that can mimic the effect of radiation on the whole organism and predict 
lethality. Survival depends on an intricate network of organ cross-talks and cellular microenvironment that 
cannot be recreated in vitro. Consequently, administration of supportive care to cellular components 
grown in vitro will not allow any assessment on survival. Development and aging also cannot be 
reproduced in vitro. 

We do not know all of the cell types and tissues involved in radiation injury or how radiation injury causes 
lethality. The concept of multi-organ failure has been suggested, but how the injured organs affect each 
other's vital functions is unknown. The present state of the art of tissue culture is still incapable of 
reproducing the in vivo relationships. Computer modeling is similar!y limited by lack of full characterization 
of the biological elements and interactions under study. 

These considerations are consistent with the FDA requirement for preclinical research in both small and 
large mammals before granting approval for drug testing in humans. 

V.3.2. Anlmal Model and Species Justification 
We have been developing the adult Gottingen minipig as an additional large animal model for the study of 
the AAS and advanced development of radiation countermeasures. Currently, there is no pediatric animal 
model to study the AAS. Large, long-lived, and development-matched models are required for drug 
studies submitted to the FDA for licensure applications. Comparison between adult and pediatric 
Gottingen minipigs will help characterize the effect of radiation on the pediatric population, for 
countermeasure development and drug testing. The close similarity to humans in anatomy and physiology 
of organs such as the liver, pancreas, kidney and heart has made the pig the primary species of interest as 
organ donors for xenographic procedures. Minipigs are routinely used for toxicity testing. As such, further 
and rapid characterization at physiological, molecular and genetic level of the minipig is likely to occur, thus 
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increasing acceptance of this model and facilitating advanced drug development. Our previous studies have 
employed male Gottingen minipigs to develop a probit curve. Since we are testing the effect of supportive 
care and age on survival and we are using our own historical data as one of the terms of comparison, we 
will continue to use male minipigs for this study. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species Sus scrofa domestica 

V.3.3.2. Strain I Stock Gottingen 

V.3.3.3. Source I Vendor Marshall BioResources/Marshall Farms Group Ltd 

V.3.3.4. Age 5 weeks to 5 months 

V.3.3.5. Weight 2-13 kg 

V.3.3.6. Sex Male 

V.3.3.7. Special Considerations NA 

V.3.4. Number of Animals Required (by species): 78 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 
The study data-points currently mandated by the FDA for approval of radiation countermeasures under 
the Animal Efficacy Rule is mortality. Hence the primary study data-point in our development of Gottingen 
minipigs as a model for AAS is survival. Moribundity will be used as a surrogate for mortality, and 
euthanasia will be used in order to minimize pain and distress, using an extensive set of criteria (see 
animal endpoints. paragraph V.4.5 - Lethargy, weight loss. temperature. respiratory distress. food intake. 
bleeding etc). Animal care and use procedures will only be performed by trained personnel. We have 
considerable experience in the care and handling of minipigs. Extensive human interaction every 
weekday will reduce stress in the animals. Use of slings, topical anesthetics, and the catheters will 
minimize distress during blood collections and the animals will be gradually acclimated to the slings for 
these procedures. 

V.3.5.2. Reduction 
Control animals used to optimize protocols for animal handling, housing and blood draw will be used also 
to obtain data on growth of normal animals, and to set up dosimetry for fu1ure studies and to obtain 
baseline CBC data in pediatric animals. For irradiated animals, blood samples obtained from minipigs 
before irradiation will serve as controls, thus reducing the number of animals required for this study. Use 
of historical controls will also reduce the number of animals needed for this study. 

V.3.5.3. Replacement NA 

V.4. Technical Methods 

V .4.1. Pain I Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C ~0- (#of animals} 
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V.4.1.1.1.2. Column D _6_ (#of animals) 

VA 1.1.1.3, Column E _72_ (#of animals) 

V.4.1 .1 .1.4. Pain Categ.Q!Y Assignnu~nts 
Exp. # Experimental/Control Group c D E Totals 
1-t2 experiment 1 (l=landl1ng and housing) +2 (Procedures 

for catheter implantation. blood draw and 
measurement of animal growth} 

3 Experiment 3: to determine age group-speoific probit 
curves following irradiation with Co-60 (TBI, 0.6 
Gy/min). 

Totals: 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia i Analgesia I Tranquillzation 
irradiation/Catheter placement 

6 6 

72 78 

78 

Prior to irradiation, animals wlll be sedated with Telazol® (Telazol. 6-B mg/kg IM; 100 mg/ml, Fort Dodge 
Laboratories. IA). Alternatively, Telazol® (4.4 mg/kg fMJ, in carnbination With dexmedtomidine (0.05-0.1 
mgikg IM) or ketamine (20 mgikg fMJ/xylazine (2 mglkg /MJ can also be used for sedation. Atropine {0.05 
mg/kg SC, IM or IV; atropine sulfate, Butler, Columbus, OH) or glycopyrrolate (0.01 mg.kg) may be given 
to reduce mucosal secretions. At the end of the irradiation procedure. once the animals are back in their 
quarlers, dexmedetomidine can be reversed by atipamezole IM (same volume as dexmedolmidine) to 
facilitate recovery. 
For ca~neter placement. lsoflurane 1-4% may be administered via face mask on as needed basis. 

Biood sampling 
Animal may be sedated at the time of blood sampling and administration of supportive care with 
Midazolam (0.1 ·0 .5 mg/Kg s.e.cH IM), or acepromazine ( 1.1 mg/kg lfvl). 1 o minutes prior to venous access, 
Telazol or Telazol +dexmedetomidine or Ketamine + Xy~azine could be used as an option as 
well. 

V.4.1.2.2. Pre- and Post-procedural Provisions 
lrradia1ion 
Pre-Irradiation: Animals will be fasted overnight (approximately 16-18 h) and sedated as described 
above. Once sedat~d in the VSD animal facility. minipigs will be transported to the AFRR:I cobalt facil ity in 
an approved. covered transport cage. Heart rate and temperature will be measured prior to irradiation. At 
leas~ one vet iech or one veterinarian wili be present at the time of irradiation, Immediately before 
irradiation, the vet or vet tech will determine whether or not to administer additional sedative to keep the 
animal asleep dur•ing Irradiation. 
Irradiation procedure: To enable proper positioning. anesthetized animals will be strapped ln place into 
slings in polyvinylchloride PVC frames for irradiation. Effect of anesthesia will be monitored in real time 
through video cameras positioned in the Cobalt waiting area. Minipigs will be removed from the slings 
once irradiation is completed.. Temperature and heart raie will be taken before returning the minipigs to 
their ho.me cages. 
e_osHrradiati_o_o: After irradiation, animals will be transported back to their cages, where they will be 
allowed to recover from sedation under the careful surveillance of VSD arid/or research staff who will 
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monitor vital signs and provide thermal support (e.g. Bair Hugger blanket} if necessary. Atipamezole /M 
(same volume as dexmedotmidine) may be used to reverse the anesthetic effect of dexmedetomidine. 

v .4.1.2.3. ParalY11CS N/ A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched Agricola, Pubmed 

V .4.1.3.2. Date of Search 
V.4.1.3.3. Period of Search All available 

V.4.1.3.4. Key Words of Search The aspects of the study relevant to alternatives to painful or distressful 
procedures are the sequelae to exposure to TBI at doses causing ARS. We used the following key words 
in the search for alternatives: 
swine, radiation, ARS, sequelae, pain, distress, alternatives 

V.4.1.3.5. Results of Search 

AGRICOLA 
Swine AND radiation AND pain: .............................. o results found 

Swine AND radiation AND distress: ......................... 0 results found 

Swine AND radiation AND alternatives ..................... 5 results (not relevant} 
1) Energy for swine facilities II Alternative sources of energy 
Fehr, Rf NAL Catalog (AGRICOLA} 
2) Evaluation of a porcine lens and fluorescence assay approach for in vitro ocular toxicological 
investigations 
Oriowo, Om NAL Catalog (AGRICOLA) 
3) Molecular characterization, chromosomal location, alternative splicing and polymorphism of porcine 
GFAT1 gene 
Liu, K. NAL Catalog (AGRICOLA} 
4} Evaluation of alternative techniques to determine pork carcass vatue 
Akridge, Jt NAL Catalog (AGRICOLA) 
5) Genomic structure, chromosomal localization and expression profile of a porcine long non-coding RNA 
isolated from long SAGE libraries 
Ren, H. NAL Catalog (AGRICOLA) 

Swine AND ARS AND pain: .............................. o results found 

Swine AND ARS AND distress: ......................... 0 results found 

Swine AND ARS AND alternatives ..................... 2 results (not relevant} 

1) Environmental Prevalence and Persistence of Salmonella spp in Outdoor SwineWallows 
Callaway, Tr NAL Catalog (AGRICOLA) 
2) Factors affecting cellular outgrowth from porcine inner cell masses in vitro 
Schilperoort-Haun, Kr NAL Catalog (AGRICOLA) 
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Swine AND radiation sequelae AND pain: ................ ............ ... 0 results found 

Swine AND radiation sequelae AND distress: .............. ............ 0 results found 

Swine AND radiation sequelae AND alternatives: .... ... ... .... ....... 0 results found 

Pubme'd 

Swine AND radiation AND pain: ... .................. ... .. ... . 264 results found 

Swine AND radiation AND distress: ... ... .... ............. .. 115 results found 

Swine AND radiation ANO alternatives ... ..... ... .......... 0 results (not relevant) 

Swine AND ARS AND pain: ...... ..... ...... ............. 16 results found (same as those found for 

Swine AND acute radiation syndrome AND pain ...... .. 16 results ... l(b_><_4> ____________ ___. 

2) Development o'f a Fluorogenic 5' Nucleas0 PCR Assay for Detection of the ail Gene of 
Pathogenic Yerslnia enterocofitica, Alissa o. Jourdan, Scott C. Johnson, Irene V. Wesley 
Appl Environ Microbial. 2000 September: 66(9): 3750-3755. 
3) Exrperlmental swine vesicular disease. pathology and immunofluorescence studies. 
RM Chu, D M Moore, JD Conroy. Can J Comp Med. 1979 January; 43(1) : 29-38. 
4) Recent advances in small bowel diseases: Part II. Alan BR Thomson, Angeli Chopra, Michael Tom 
Clandinin, Hugh Freeman. World J '3astroenterol. 20i2 July 14; 18(26): 3353-3374. 
5} Innate Immune Defenses Induced by CpG Do Not Promote Vaccine-Induced Protection against Foot· 
and-Mouth Disease Virus in Pigs. M. P. Alves, L. Guzylack-Piriou, V. Juillard. J.-C. Audonnet, T. Doel. H. 
Dawson. W. T. Golde, H. Gerber. N. Peduto. K. C. McCullough, A. Summerfield. Clin Vaccine lmmunol. 
6) Ectonucleotidases in Solid Organ and Allogeneic Hematopoietic Cell Transplantaiion 
Petya Chernogorova, Robert Zeiser. J Biomed Biotechnol. 2012: 2012 
7) Guidelines on Management of Human Infection with the Novel Virus Influenza A (H11N1) - A Report 
from the Hospital das Clln1cas of the University of Sao Paulo. Ludhrnila Abrahao Hajjar, Denise Schout, 
Filomena Regina Barbosa Gomes Galas. David Everson Uip, Anna Sara Shafferman Levin, Hello Hehi 
Caiafta Filho. Pedro Takanori Sakane, Carlos Alberto Suslik, Jose Manoet de Camargo l eixeira, Eloisa 
Bonla, Antonio Alci Barone, Milton de Arruda Martins, Marcos Boulos , Jose Otavio Cosia Auler, Jr 
8) Porcine Head Response to Blast. Jay K. Shridharani, Garrett W. Wood, Matthew B. Panzer, Bruce P. 
Capehart, Michelle K. Nyein, Raul A. Radovitzky, Cameron R. 'Dale' Bass 
Front Neurol. 2() 12; 3: 70. 
9) First reported foodborne outbreak associated with microsporidia, Sweden, October 2009 
v. DECRAEINE, M. LEEIBAD, S. BOTERO-KLEIVEN, A.·M. GUSTAVSSON, M, LOFDAHL Epidemiol 
Infect. 2012 March; 140(3): 519-527. 
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10) Lymphocyte subpopulations in the human small intestine. The findings in normal mucosa and in the 
mucosa of patients with adult coeliac disease. W S Selby, G Janossy, M Bofill, DP Jewell. Clin Exp 
lmmunot. 1983 April; 52( 1 ): 219-228. 
11) IV. Animal experimentation leading to better care of laboratory and pet animals. 
0 A Soave. Am J Public Health Nations Health. 1967 September; 57(9): 1621-1626. 
12) Arthritis in Cattle. J. L Shupe. Can VetJ.1961October;2(10): 369-376. 
13) Presidential Address. D'Arcy Power. Proc R Soc Med. 1926 December; 20(2): 85--90. 
14) REPERFUSION INJURY: DOES IT EXIST? Garrett J. Gross, John A. Auchampach 
J Mol Cell Cardiol. Author manuscript; available in PMC 2008 January 1. Published in final edited form 
as: J Mal Celt Cardiol. 2007 January; 42(1): 12-18. 
15) Liver Resection. HPB (Oxford) 2005; 7(S1): 19-31. 
16) Weekly Reports for JANUARY 2, 1914. Public Health Rep. 1914 January 2; 29(1}: 1-60. 

Swine AND ARS AND distress: ......................... 13 results found (not relevant for this study) 
1) Advances in Swine Biomedical Model Genomics. Joan K. Lunney 
lntJ Biol Sci. 2007; 3(3): 179-184. 
2) Pacing-Induced Regional Differences in Adenosine Receptors mRNA Expression in a Swine Model of 
Dilated Cardiomyopathy Silvia Del Ry, Manuela Cabiati, Vincenzo Lionetti, Giovanni D. Aquaro, 
Alessandro Martino, Letizia Mattii, Maria-Aurora Morales 
PLoS One. 2012; 7(10): 
3) Experimental Infection of Pigs with the Human 1918 Pandemic Influenza Virus 
Hana M. Weingart!, Randy A. Albrecht, Kelly M. Lager, Shawn Babiuk, Peter Marszal, James Neufeld, 
Carissa Embury-Hyatt, Porntippa Lekcharoensuk, Terrence M. Tumpey, Adolfo Garcia-Sastre, Jurgen A. 
Richt J Virol. 2009 May; 83(9): 4287-4296. 
4) A defect in dystrophin causes a novel porcine stress syndrome. Dan J Nonneman, Tami Brown
Brandl, Shuna A Jones, Ralph T Wiedmann, Gary A Rohrer 
BMC Genomics. 2012; 13: 233. 
5) Guidelines on Management of Human Infection with the Novel Virus Influenza A (H1N1) - A Report 
from the Hospital das Clfnicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar, Denise Schout, 
Filomena Regina Barbosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Helio Hehl 
Caiaffa Filho, Pedro Takanori Sakane, Carlos Alberto Suslik, Jose Manoel de Camargo Teixeira, Eloisa 
Bonfa, Antonio Alci Barone, Milton de Arruda Martins, Marcos Boulos, Jose Otavio Costa Auler, Jr. Clinics 
(Sao Paulo) 2009 October; 64(10): 1015--1024 
6) A Reassortment-lncompetent Live Attenuated Influenza Virus Vaccine for Protection against Pandemic 
Virus Strains. Rong Hai, Adolfo Garcia-Sastre, David E. Swayne, Peter Palese 
J Viral. 2011 July; 85(14): 6832-6843. 
7) Deletions in the Neuraminidase Stalk Region of H2N2 and H9N2 Avian Influenza Virus Subtypes Do 
Not Affect Postinfluenza Secondary Bacterial Pneumonia 
Ashok K. Chockalingam, Danielle Hickman, Lindomar Pena, Jianqiang Ye, Andrea Ferrero, Jose R. 
Echenique, Hongjun Chen, Troy Sutton, Daniel R. Perez J Viral. 2012 April; 86(7): 3564-
8) Safety assessment of probiotics for human use Mary Ellen Sanders, Louis MA Akkermans, Dirk Haller, 
Cathy Hammerman, James Heimbach, Gabriele Hormannsperger, Geert Huys, Dan D Levy, Femke 
Lutgendorff, David Mack, Phoukham Phothirath, Gloria Solano-Aguilar, Elaine Vaughan. Gut 
Microbes. 2010 May-Jun; 1(3): 164-185. 
9) Epidemiology of Human Infection with the Novel Virus Influenza A (H 1H1) in the Hospital das Clinicas, 
Sao Paulo, Brazil - June-September 2009. Denise Schout, Ludhmila Abrahao Hajjar, Filomena Regina 
Barbosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Helio Hehl Caiaffa Fitho, Pedro 
Takanori Sakane, Carlos Alberto Suslik, Jose Manoel de Camargo Teixeira, Eloisa Bonfa, Antonio Alci 
Barone, Milton de Arruda Martins, Marcos Boulos, Jose Otavio Costa Auler, Jr. Clinics (Sao Paulo) 2009 
October; 64( 10): 1025-1030. 
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10) After the bomb drops: A new look at radiation-induced multiple organ dysfunction syndrome (MODS) 
Jacqueline P. Williams, William H. McBride. Int J Radiat Biol. 
2011 August; 87(8): 851-868. 
11) Safety, lmmunogencity and Efficacy of a Cold-Adapted NAnn Arbor/6/60 (H2N2) Vaccine in Mice and 
Ferrets. Grace L Chen, Elaine W Lamirande, Hong Jin, George Kemble, Kanta Subbarao. Virology. 2010 
March 1; 398(1): 109-114. 
12) Why is the doctor in the Merry Wives of Windsor called Caius? 
McNair Med Hist. 1969 October; 13(4): 311-339. 
13) Weekly Reports for JANUARY 2, 1914 

Swine AND ARS AND alternatives ..................... 11 results (not relevant) 
1) Advances in Swine Biomedical Model Genomics Joan K. Lunney Int J Biol Sci. 2007; 3(3}: 179-184. 
2) A Comparison of the Growth Responses Following Intramuscular GHRH Plasmid Administration 
Versus Daily Growth Hormone Injections in Young Pigs. Amir S Khan, Ruxandra Draghia-Akli, Roman J 
Shypailo, Kenneth 1 Ellis, Harry Mersmann, Marta L Fiorotto. Mol Ther. 2010 February; 18(2): 327-333. 
3) Comparison of dkgB-linked intergenic sequence ribotyping to DNA microarray hybridization for 
assigning serotype to Sa/mone/fa enterica. Jean Guard, Roxana Sanchez-lngunza, Cesar Morales, Tod 
Stewart, Karen Liljebjelke, JoAnn Kessel, Kim Ingram, Deana Jones, Charlene Jackson, Paula Fedorka
Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. FEMS Microbial Lett. 2012 December; 337(1): 61-
72. 
4) Society of Nematologists 2011 Meeting: Abstracts: Alphabetically by first author. J Nematol. 2011 Sep
Dec; 43(3-4): 223-297. 
5) Antimicrobial Susceptibility to Azithromycin among Salmonella enterica Isolates from the United States. 
Maria Sjolund-Karlsson, Kevin Joyce, Karen Blickenstaff, Takiyah Ball, Jovita Haro, Felicita M. Medalla, 
Paula Fedorka-Cray, Shaohua Zhao, John A. Crump, Jean M. Whichard. Antimicrob Agents 
Chemother. 2011 September: 55(9): 3985-3989. 
6) ABSTRACTS J Nematol. 2010 September; 42(3): 230-279. 
7) A critical analysis of disease-associated DNA polymorphisms in the genes of cattle, goat, sheep, and 
pig. Eveline M. lbeagha-Awemu, Patrick Kgwatalala, Aloysius E. lbeagha, Xin Zhao 
Mamm Genome. 2008 April; 19(4): 226-245. Published online 2008 March 19. 
8) Competitive exclusion treatment reduces the mortality and fecal shedding associated with 
enterotoxigenic Escherichia coli infection in nursery-raised neonatal pigs. 
K J Genovese, RC Anderson, RB Harvey, DJ Nisbet. Can J Vet Res. 2000 October; 64(4): 204-207. 
9) SOCIETY OF NEMATOLOGISTS 461h ANNUAL MEETING, SAN DIEGO, CALIFORNIA July 28-
August 1, 2007 J Nematol. 2007 March; 39( 1 ): 67-104. 
10) Hazardous solid waste from agriculture. R C Loehr Environ Health Perspect. 1978 December; 27: 
261-273. 
11) How sustainable agriculture can address the environmental and human health harms of industrial 
agriculture. Leo Horrigan, Robert S Lawrence, Polly Walker Environ Health Perspect. 2002 May; 110(5): 
445-456. 

Swine AND radiation sequelae AND pain: ............................... 157 results found 

Swine AND radiation sequelae AND pain AND alternatives ........ 20 results (not relevant to this study) 
1) Stereotactic body radiation therapy in the re-irradiation situation - a review 
2) Emerging Local Ablation Techniques 
3) Minimally invasive surgery and cancer: controversies part 1 
4 )Dental Implant Systems 
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5 }Vaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing methods of the 
vaginal vault 
6 }Percutaneous Ablation in the Kidney 
7) Electrical stimulation therapies for spinal fusions: current concepts 
8) Personalized nanomedicine advancements for stem cell tracking 
9) EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC 
RESECTION FOR COLORECTAL METASTASIS (CRM) 
10) RNA STABILITY REGULATES DIFFERENTIAL EXPRESSION OF THE METASTASIS PROTEIN, 
OSTEOPONTIN, IN HEPATOCELLULAR CANCER 
11) Tissue engineering: state of the art in oral rehabilitation 
12) BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN 
PATIENTS WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE 
CHEMOTHERAPY 
15) Persistent CT nephrograms following cardiac catheterisation and intervention: initial observations 
Richard W. Katzberg, Wayne L. Monsky, Nicolas D. Prionas, Vishal Sidhar, Jeffrey Southard, Janine 
Carlson, John M. Boone, Tzu-Chun Lin, Chin-Shang Li Insights Imaging. 2012 February; 3(1 ): 49-60. 
16) Wound Healing of Cutaneous Sulfur Mustard Injuries: Strategies for the Development of Improved 
Therapies John S. Graham, Robert P. Chilcott, Paul Rice, Stephen M. Milner, Charles G. Hurst, Beverly I. 
Maliner J Burns Wounds. 2005; 4: 
17) Food systems: perspectives on demographics and affluence, food supply and consumption. 
GT Molitor Environ Health Perspect. 1990 June; 86: 201-223. 
18) Endocarditis Due to Rare and Fastidious Bacteria P. Brouqui, D. Raoult Clin Microbiol Rev. 2001 
January; 14(1 ): 177-207. doi: 10.1128/CMR.14.1.177-207.2001 
19) The Mycobacterium avium comp!ex. CB lnderlied, CA Kemper, LE Bermudez 
Clin Microbio! Rev. 1993 July; 6(3): 266-310. 
20} HUMAN HEALTH RISK ASSESSMENT FOR ALUMINIUM, ALUMINIUM OXIDE, AND ALUMINIUM 
HYDROXIDE Daniel Krewski, Robert A Yokel, Evert Nieboer, David Borchelt, Joshua Cohen, Jean Harry, 
Sam Kacew, Joan Lindsay, Amal M Mahfouz, Virginie Rondeau 
J Toxicol Environ Health B Crit Rev. Author manuscript; available in PMC 2009 November 25. 

Swine AND radiation sequelae AND distress: ................... ....... 62 results found 

Swine AND radiation sequelae AND distress AND alternatives ... 8 results (not relevant to this study} 
1) Minimally invasive surgery and cancer: controversies part 1. Melanie Goldfarb, Steven Brower, S. 0. 
Schwaitzberg. Surg Endosc. 2010 February: 24(2): 304-334. 
2 )Principles of Bone Marrow Transplantation (BMT): Providing Optimal Veterinary and Husbandry Care 
to Irradiated Mice in BMT Studies Raimon Duran-Struuck, Robert C Dysko 
J Am Assoc Lab Anim Sci. 2009 January; 48(1 ): 11-22. 
3) Myiasis. Fabio Francesconi, Omar Lupi. Clin Microbial Rev. 2012 January; 25(1): 79-105 
4) EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC 
RESECTION FOR COLORECTAL METASTASIS (CRM) Abstracts 
HPB (Oxford) 2006; 8(S2): 3--256. 
5) BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN PATIENTS 
WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE CHEMOTHERAPY Abstracts 
HPB (Oxford) 2008; 10(S1): 7-228. 
6) 0 Fever M. Maurin, D. Raoult Clin Microbial Rev. 1999 October: 12(4): 518-553. 
7) Therapeutic Effects of Xanthine Oxidase Inhibitors: Renaissance Half a Century after the Discovery of 
Allopurinol. PAL PACHER, ALEX NIVOROZHKIN, CSABA SZAB6. Pharmacol Rev. 2006 March; 58(1): 
87-114. doi: 10.1124/pr.58.1.6 
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8) HUMAN HEALTH RISK ASSESSMENT FOR ALUMINIUM, ALUMINIUM OXIDE, AND ALUMINIUM 
HYDROXIDE Daniel Krewski, Robert A Yokel, Evert Nieboer, David Borchelt, Joshua Cohen, Jean Harry, 
Sam Kacew, Joan Lindsay, Amal M Mahfouz, Virginie Rondeau 
J Toxicol Environ Health B Crit Rev. Author manuscript; available in PMC 2009 November 25. 
Published in final edited form as: J Toxicol Environ Health B Crit Rev. 2007; 10(Suppl 1): 1-269. 

Swine AND radiation sequelae AND alternatives: .................... .47 results found, not related to this work 
(mainly related to swine flu, medical imaging, mice models, ablation techniques, medical surgeries, bone 
marrow transplantation, cancer treatment 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Depending upon the irradiation dose irradiated animals die due to compromised immune responses and 
opportunistic infections. The percentage of surviving animals is the indicator of the efficacy of a 
countermeasure. We cannot give systemic anesthetic agents to animals after the irradiation procedures, 
since they are known to interact with the immune system (see references in Jacobsen, K. 0., V. Vitia, V. 
L. Miner, and M. H. Whitnall. 2004. Effects of anesthesia and vehicle injection on circulating blood 
elements in C3H/HeN male mice. Contemp Top Lab Anim Sci 43:8-12.), and would confound the 
correlation of radiation dose with incidence of moribundity, resulting in a waste of animals. However, we 
are providing supportive care in terms of antibiotics, analgesics, antipyretics, fluids/ nutritional support to 
increase survival. Use of supportive care is expected to mitigate the pain associated to the sequelae of 
irradiation. 

V.4.2. Prolonged Restraint 
Only short periods of restraint in the sling (<30 minutes) will be necessary for blood collections and the 
irradiation procedure. To minimize discomfort, we have designed a new type of sling that uses softer, 
elastic material to support the animal, and utilizes a more efficient restraint design that maintains the 
animal in place while reducing manipulation by technicians and consequently stress to the animals. 
After the quarantine period, animals are acclimated to the sling for 5-10 minutes, 2-3 times before 
initiating blood draws. Acclimation to the sling is very rapid and non-stressful; animals are petted and 
gently spoken to while restrained. It has been our experience that resting on the sling does not agitate the 
animal at all. 
Animals are anesthetized and transported to the Cobalt Facility holding area before being put into slings 
for irradiation (<20 minutes). Animals will be kept under continuous observation while in the sling. Slings 
will be spot-cleaned between animals and will be sanitized at the conclusion of each irradiation day. 

V.4.3. Surgery NA 

V.4.3.1. Pre-surgical Provisions 

V.4.3.2. Procedure(s) 

V.4.3.3. Post-surgical Provisions 

V.4.3.4. Location 

V.4.3.5. Surgeon 

V.4.3.6. Multiple Major Survival Operative Procedures NA 

V .4.3.6.1- Procedures 

V.4.3.6.2 Scientific Justification 
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V.4.4. Animal Manipulations 

V .4.4. 1. Injections 

All injections listed in section V.4.1.2.1 will be administered JM, SC, using sterile needles (23 - 21 gauge) 
and syringes. or IV through the catheter or PO. 

V .4.4, 1.1. Pharmaceutical Grade Drugs 

Udocaln (5%), topical 
Telazol® 
Kelamine/xylazine 
Atropine atropine sulfate 
Heparin lock, IV 
Saline 
Carprofen 
Metamucil 
Enroflaxacin or baytril 
Rimadyl 
M1dazolam 
Acepromazine 
All the drugs listed above are ordered from veterinary product distributors by VSD and they all are 
pharmaceutlcal grade drugs. 
Atipamezole (Antisedan, Pfizer) 
Dexmedtomidine (Dexdomitor, Pfizer} 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs NA 

V.4.4.2. Biosamples 
Collect.ion of blood samples. We will obtain blood samples 1rom the externalized catheter or from 
peripheral veins. If the catheter fai ls or needs to be removed, the sample will be collected from accessible 
peripheral vessels (see section V.4.4.7. Other Procedures}. Mean blood volume for pigs is 65-67 ml/Kg. 
Up to 1 % of total blood will be drawn per time point, depending upon the frequency 01 previous bleeds 
(Walter Reed Army Institute of Research. 1997. Investigators' Handbook. Section I: Handling Techniques 
and Noninvasive Procedures}. 

Tissue and histological samples. Tissue samples, to include organs, blood and hair may be taken at 
the time of euthanasia for tissue blocks and for frozen tissue repository. 

V.4.4.3. Adjuvants NA 

V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V.4.4.5. Animal Identification Tattoos or ear tags and cage cards/tags 

V .4.4.6. Behavioral Srudies NA 

V.4.4.7. Other Procedures 
Catheter implantation 
Catheter implantation will be done following the Seldinger technique. Briefly, the procedure is described 
as follows: 
(http i/www.dechra,co.uk/Critical·Care· Tios(Central-Venous-Set---Usjng-the-Seldinger-T echnigue. aspx ) 

Placement 
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1. Clip and aseptically prepare site. Right Jugular vein in the neck area or the right/left femoral vein 
in the inner thigh may be used for catheter placement. 

2. Insert the introducer needle into the vessel {gauge needle: 18-24}. 
3. Whilst steadying the needle use the adaptor to straighten the j-wire and insert it into tne needle. 
4. Advance the wire into the vessel. 
5. Remove the needle and the wire cover making sure the wire does not advance any further into 

the vessel. 
6. Whilst holding the wire steady advance the dilator over the wire 1 to 1 .5 inches into the insertion 

point and rotate back and forth. A small nick incision (1 -2 mm) may be needed in the skin prior to 
inserting dilator. 

7. Remove the dilator. 
8. Advance the catheter over the wire into the vessel. 
9. Remove the wire. 
10. Flush tile catheter and secure the catheter to the patient with sutures. 
11 . Attach fluid delivery equipment to the catheter. 
12. Cover with sterile dressing and a light bandage. 

Care and maintenance 
1. Ensure the catheter site is kept clean and treated aseptically throughout use 
2. Check suture integrity at regular intervals 

Catheter to be used will be single-lumen indwelling catheter in Polyurethane material which provides 
strength during insertion and also softens at body temperature to conform to the body tissues. The 
complete set of central venous catheter kit for catheter implantation consists of: 

• Indwelling catheter 
• Catheter holder 
• Catheter holder clamp 

t • Extension line clamp 
• Injection cap 
• Introducer needle 
• J-Tip guide wire 
• Luer look syringe 
• Scalpel 
• Vessel dilator 

The soft Flexible J-Tip Guide wire provides good torque to ensure firm insertion and also prevents vessel 
perforation. The tip is specially designed for smooth and easy insertion of catheter. Clear and definite 
marking lacilitates correct placement of catheter tip. The catheter is radio-opaque for proper placement 
using ultrasound imaging. Animals will be sedated during the procedure. (Sedation procedure has been 
described in the anesthesia section V 4 .1.2.1 }. After placement, the wound will be protected with aerosol 
bandage aid and the catheter will be covered with elasticon tape. 

Temperature transponder At the time of catheter implantation, a temperature microtransponder 
(Implantable Electronic ID Transponder IPPT-300, Bio Medic Data Systems, Seaford, DE} will be 
implanted subcutaneously behind the neck, over the shoulder opposite to the site of VAP surgery, to 
facilitate body temperature measurements. 

Blood draw from externalized catheter. Catheter will be flushed with 5 ml saline and the firs t 0.5 ml of 
blood will be discarded. Blood samples will be collected using a new syringe. Alter blood collection , 
catheter will be flushed again and locked with 3 ml of heparin lock (1 00 U). 

Blood draw from peripheral veins. Alternatively, if placement of the catheter fails and/or catheter loses 
patency, we will collect blood from peripheral veins such as auricular, femoral, cephalic, saphenous etc. 
Animals may be sedated at the time of blood sampling and administration of supportive care (see section 
V.4.1.2.1) if necessary, following the recommendations of an AFRRI veterinarian. All procedures will be 
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entered into the experimental record. Lidocain (5%) may be applied topically to the site of venipuncture to 
minimize discomfort to the animals about 15 minutes before starting the procedure; site will be cleaned 
with betadine and alcohol. Blood will be collected once before irradiation, and, with day O being the day of 
sham-irradiation, on days 0, 1, 3, and once a week after that, up 1o 60 days. Collection of samples will be 
performed with the minipig restrained in a sling; at the same time, we will take vitals. The entire procedure 
takes less than 30 min. After blood draw, animals will be returned to their cages and checked to ensure 
that the needle puncture wound is closed and the blood has clotted. 

Health check status 
Body weights and standard animal health check status (hydration status, hair coat, skin quality, vitals) will 
be determined at least once prior to treatment, on the first day of treatment, and on days of blood 
collection. Body temperature will be determined during week-days between 8 am and 4 pm, and on 
weekends if there are animal concerns. The time of each temperature collection will be recorded for each 
minipig. 

V.4.4.8. Tissue Sharing Bio-samples (V.4-4.2. Biosamples_ Tissue and histological samples) will be 
collected, to be used for histo-chemistry/protein/molecular assays among others, and to be shared with 
collaborators upon request and as experiments permit 

V.4.4.9. Animal By-Products 

V.4.5. Study Endpoint The data-point currently mandated by the FDA for approval of radia1ion 
countermeasures under the Animal Efficacy Rule is moribundity or mortality. Moribundity will be used as a 
surrogate for mortality, and euthanasia will be used in order to minimize pain and distress. Euthanasia will 
be carried out when any one of absolute endpoints or combination of the following non-absolute signs of 
moribundity are observed and in consultation with AFARI veterinarians. 

Absolute 
1. Non responsive, assuming the animal has recovered from anesthesia. 
2. Dyspnea 
3. Loss of 20% of expected weight (based on Marshall Bio-resources growth chart -weight vs age

and day 0 baseline percentile). 
4. Hypothermia(< 36 2c) 

Non-absolute 
1. Hyperthermia (>41 2C} 
2. Anorexia (skip 3 consecutive meals) 
3. Anemia/pallor, CAT >2 seconds. CAT will be performed behind the ears. 
5. Petechiae/ecchymosis 
6. Vomiting/diarrhea 
7. Lethargy 
8. Seizures or vestibular signs (falling, circling or head tilt) 
9. Uncontrollable hemorrhage 

At the time of euthanasia, the attached observation sheet (Attachment 1) will be filled out, and may be 
used retrospectively at the end of study to put together a score sheet for euthanasia criteria for minipigs, 
similarly to that for rodents. 

V.4.6. Euthanasia 
Animals will be euthanized according to current American Veterinary Medical Association {AVMA) 
guidelines. Animals will be sedated with Telazol® (6-8 mg/kg IM; or ketamine (20 mgM.g IM;/xylazine (2 
mg/kg IM;. Animals will 1hen be euthanized with and injected IV Euthasol® (sodium pentobarbital, {t 
ml/4.5 kg IV or IC) or another commercial eu1hanasia solution. 
Alternative {only if the peripheral percutaneous venous access is not achieved or the external catheter is 
not functional in the pediatric model), peripheral or central venous cut down or cardiac stick may be 
performed, with the animals maintained under general anesthesia using isoflurane gas at a maintenance 
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rate of 1 % to 3% and oxygen flow rate of 1 to 2 I/min. Death will be confirmed by VSD veterinarian or 
veterinary technician via auscultation of the heart, with cessation of sounds for at least 5 minutes. See 
item V.4.5 for euthanasia criteria before the end of the study 

V.5. Veterinary Care 

V .5.1. Husbandry Considerations 

Animal observations - Throughout the course of the study, animals will be monitored twice a day by VSD 
caretakers and technicians. Frequency of observation will increase after animals have been irradiated 
and appear to get sick; in addition to the VSD check, research staff will monitor animals twice a day 
during week days, and if necessary, after hours and on weekends. 

Housing - During quarantine/acclimation period, minipigs may be group-housed. After surgery and/or after 
irradiation, they will be singly housed to prevent damage to the catheter and to allow individual 
assessment of feed consumption and fecal/urine/blood production. Rooms will be maintained on a 12:12 
h light (0600 to 1800) dark cycle. For piglets 1 - 2 months in age (weaned) room temperature should be 
maintained between 75 - 78 degrees FI 24 - 26 degrees C. All young piglets will be provided with a 
sleeping mat to keep warm. 

Feed and water provisions -Animals will be fed twice a day according to their weight. Age appropriate 
food will be provided, after consultation with Hartan nutritionist, together with milk supplement, and 
additional nutritional support as described in Experiment 1. Each piglet will have 60 ml of milk/formula 
supplement, per piglet, 2 times daily, mixed with approximately 1/2 the scheduled pellet diet. Milk, alone 
and with pellet diet, will be provided either with a bottle or in a dish.The remaining Y2 of diet will be offered 
in feeding trough, shallow dish or floor so the piglets are used to eating a dry diet. This procedure will be 
continued until animals are 8 weeks of age, when the piglets will be gradually transitioned to a grower 
maintenance diet {only dry pellets). We may continue to otter 60 ml of milk supplement twice a day, 
and Pedialyte until the animals recover, as a part of supportive care. After feeding, all troughs or 
dishes must be cleaned and disinfected properly to prevent bacterial infections which may result 
in piglet diarrhea. During the weaning time, we will also provide pedialyte as nutritional supplements, to 
get the animals used to the taste, in view of the supportive care treatment they will receive after 
irradiation. 

Supportive care will be provided after irradiation to all anlmals, accordingly to Table 1. Age
appropriate liquid food and/or moistened pellet will be offered if observed that the sick animal prefers it to 
dry food. Water is offered ad libitum to piglets from 5 days of birth and older via automatic watering. The 
proper height for automatic water nipples is about V2 - 1 inch above the top of the pig I piglets shoulder. It 
is very important to make routine adjustments {weekly) in the height of the water nipples as piglets grow. 
A bowl of water is also offered to all piglets accompanied with the automatic water for at least 3 days post 
weaning or until caretakers are sure that all piglets have found the automatic water source. It is a good 
practice to leave the bow! of water under the automatic water nipple until all piglets adjust to the location 
of their new water source. Dishes should be sanitized daily and filled with clean fresh water throughout 
the day as needed. The automatic water source should supply 0.5 - 1.0 quart or liter per minute. 

V.5.1.1. Study Room 
Minipigs will be located at AFRRI for the duration of the study. They will either be in a VSD surgical suite 
for catheter placement, in transit to and from the cobalt facility in a covered transport cage, in slings for 
irradiation in the cobalt facility, or in their housing cage or a VSD prep room for blood collections or 
euthanasia. They will be housed in stainless-steel cages in an environmentally controlled and 
continuously monitored animal room as described in Section V.5.1 

V.5.1.2. Special Husbandry Provisions 
Diet will be controlled in accordance with vendor's recommendations so as to prevent excessive weight 
gain. No sugar-rich treats. marshmallows, peanut butter, crackers and similar food will be offered to these 
animals. since they are on an age-appropriate caloric diet to prevent excessive weight Instead, canned 
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fruits; vegetables and milk will be offered daily; age-appropria.1e nutritional supplement will be pro,vided 
after irradiation. Tap water will be provided ad libiturn. AILdls..Ms_arui_c_ontairLeLS~d__to_b_e_cte_ao_e_d_atLd 

steriliz:ett daily. 

V.5.1.3. Exceptions NA 

V.5.2, Veterhuny Medical Oare 

v.s.2.1. Rtmtine Veterinary Medical Care 
Animals wili be acclimated ior ~1 week prior to beglnnh'ig of procedures, Each animal will be observed at 
leas~ twice daily for evidence of pain or distress. Body weights will be determined at leasi once a week 
and on days of blood coll€!ction. The time of each daily temperature coH<imlion will be recorded for each 
animal. Animals will be qualitatively assessed at least twice daily (a.m. and p.m.) for geheral behavioral 
status and rood consumption by VSD techs and/or resea.rch techs, The heart rate will be measured at the 
time of each blood collection. Stool consistency, left-over food, demeanor and overall animal appearance 
will be recorded. Dtarrhea has not been observed in minipigs irradiated at doses <8 Gy. Appropriate 
standard operating procedures will be followed by staff veterinarians in the event of pain or distress. 

V.5.2.2. Emergency Veterinary !Medical Care Emergency veterinary medical care is availabl1e 24/7 and 
will be provided based on the restrictions approved in earlier sections of this protocol 

V.5.3. Environmental Enrichment 

V.5.3 .. 1. Enrichment Strategy 
Enrichmen1 will be done as per the VSD minipig enrichment SOP, except single housing after catheter 
implanla1ion and lrradialion, 

V.5.3.2. Enrichment Restricliohs 
Minipigs will !be singie-housed after sutgety and after irradiation until completion of the study, to avoid 
mechanical and infectious complications related to implanted catheters, but they will be in visual, olfactory 
and auditory contact with other minipigs in the same room. 

Vi. Sf UDY PERSONNEL OUAUFICAflONS ANO TRAINING 

Trained personnel are certified by VSD. 

YRS/MOS 
EXPERl~N 

NAME DEGREE TRAINING DATE PROCEOU~ES CE 
\U)\OJ 1, 3b, 4, 5, 7 (drug (0)\0J 

delivery) 

1, 3b,4, 5 

Procedure and manipulation codes: 
Code 1 =Animal! handling and euthanasia 
Code 2= Surgery (aseptic technique) pre- and post-operative care 
Code 3~ Injections (3a- ip, 3b·sc, 3c-gavage) - can say 3 if trained in all manipulations or add 3d-iv 
Code 4= Ellood collection under anesthesia (4a-cardiac. 4b-posterior vena cava) 
Code 5= Tissue collection (after euihanasia) - doesn't need to be specific 
Code 6 = Implantation (provide details) 
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Code 7 = Others - (provide protocol specific manipulations or procedu res tor e.g., retro-orbital bleeding, 
tail vein injection, or drug delivery) 

VII. e1ottA2ARDS/$AFEiY NA 

VIII. ENCLOSURES NA 
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ATTACHMENT 1: Animal observation sheet at euthanasia 

PROTOCOi. NmffiER: 

ANIMAL ID: ACE AT HEGThWING OF EXPERIMENT: 

Date: 

Dose: 

Tiir1e Point: 

Tre11tn1tmt ! 

J) Ohserv~1tlon m cnllmnasl:l 

Ooscrvati1111 ( i) l ii) (iii) (iv) ( y) (Yi) (vii) (vii i) (ix) 
rime Acriviry Posture/ Stool Stool Vomit Respiraro1y RR Food temp 

Movement Consi81cm.:v Activi1v 

i. Activity ... core: 0- Normal hright alert and reactive. I-Periods of inactivity/lying down. 2-Lying down. nn 
effort to get up with .\timulus 

11. Po ... turc/Movcmcnt St:1>rc: 0- Normal gait and posture, I- hunched appcar.im;c or :-.lower movement. 2- doll 
i.i tting. shoulders forward 

111. Stools: Y, N 
iv. Stool Coll-'i1>tency Score: 0 -Nunnal Fumit.d Stool, I- Fo1 mc<l Hartl Stool, '.?-Loo...e :.tool. 

3- Di:i rrhca 
v. Vomit: Y. N 

v1 . Rc:~riirntory Activity &:ore: 0- Normal Rcspirntion, I- Labored hrcuthing. llr intcrmittcm i:ough 2- gu:-;ping. 
open mouth breathing, ur persistent cough 

v11. Rc~pirntory r:itc: b<!u ts per minute 
viii. FouJ (Id! in the cuge): Y, N. If Ye~. how much ( 1/4 or 1/2 ur 3/4 or all} 

ix. Temp: ·c 

2) Cm1sc 61' cothmmslu 

3) Study Endpoints (circle 1111 that applies) 
Ahsulutc 

I . Nun responsive. assuming !.he animal has recovered from ancsthc~ ia . 

2. Dyspncn 
3. Loss of 20% of .:x.pcc:tcJ weighl (bitsC<l on Mur~hall Bio -rc~oun:cs growth l:harl-wcight vs age- and day 0 

lia'\clinc percentile}. 
4. Hypothermi:i (<36 °C) 

Non-absolute 
.5 . Hypcrthcrmiu (>41° C) 
6. Anorexia (skip 3 consecuci,1e meals) 
7. Ancmi:i/pallor. CRT >2 seconds. CRT will be performed bchincl the ear~. 
8. Petechi:ie/ecchymosts 
1). Vomiring/diarrheu 
10. Lethargy 
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11 . Sci£ltrQS or vestibular signs (falling. circli11g or head tiltJ 
12. U ntontrollcihle hemorrhage 

4J Check-up at lime of Blood Collection 

Body Weight: 

Hydration signs: 
Skin Tent Time Score: Nom1al: < 2 ~c Mild: 2 :-,ec Moderate: 2-J ~cc Severe: >J ~cc 

Mucous Membranes· Pink J>alc Ttcd Cyanotic Dry 

Capillary Refill Time: Normal: <~sec Mild: 2 sec M0tforntc: > 2scc 

Hnii· coat: 
Norn1ul Looses Huir 

Skin quali ty: 
Norn1al <pink) Ory Pel~'Chifl Bruising 

t<:ycs: 
Norm<il Discharge ( L ) ( R ) Hemorrhage ( L ) ( R ) Porfirine ( L ) ( R ) 

Dry 

Hearl: 
Beat!: per min: 
Rhythm: Regular 
Pul~e quality: Weak 

Lun~: 
Sounds: 'omwl 

Abduminul pulplltion: 
Normul Distended 

Discharge 

Irregular 
Strong 

Epistuxis 

Crackle~ Wheezes Stridor 
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x, ASSUAANC'~S 

Protocol Title: Effect of supportive care on irradiated Gottingen minipigs (Sus scrota domestics) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol wlil be used only in the ac!ivities and 
in the tnan·rrnr described herein, unless a rrtodification is specifically approved by the IACUC prior ta its 
i m plem entatio n. 

8. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis. and that the minimum number of animals 
needed for sdentiflc validity win be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection. biosafety. recombinant issues. aind so 
f,orth, in the preparation of this protocol. 

E. Training: I verify !hat the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no L1nnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: ·r acknowledge the inherent moral, ethical and administrative obligations 
associated with the periormance of this animal use protocol, and I assure that all fndividuals associated 
with this project will demonstrate a concern for the health. comfort. welfare, and well-being of the 
r·esearch animals. Additionally. I pledge to conduct this study in the spirit of the fourth "R", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and OOlilduetlng humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s): I AM I AM NOT conducting biomedical e><periments. which may 
potentially cause more thali momentary or slight pain or distress to animals. If appltcable, potenthal pain 
and/or dis!ress WILL i WILL NOT be relieved wiih ihe use of anesthetics, anal!)esics and/or iranquilizers. 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

l(b)(6) 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(March 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the lo/lowing animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. 11 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property (e.g., concepts, 
Ideas, experimental approaches, etc.), some of wh/cll Is Innovative or original and therefore 
cons;dered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpon other than to evaluate the protocol, without the wrltfen permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PIROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBEA! (b)(6) I 

Slbmission Date: 12/1212013 2"" Resubmission D:;te: 2110/2014 

Approved/Returned for Revision: 111512014 Approved/Approval Withheld by IACUC: 211212014 

1" Resubmission Date: 112412014 EXPIRATION OAlE: 211112017 

Approved/Returned tor Revision: 2/6i2014 Previous Protocol Number {ii related) 

SECOND TIER REVIEW 
(if reauiredl 

suornisslon Date: Approved/Returned for Revision: 

Approvet1/Re1urned for Revision: 2°• Resubmission Date: 

1" ReSlrt:lmission Date: Approved/Approval Withhel<l: 

NOTES to Pl : 
• To DISPLAY this Word document's red-text instructions, Rtwltw Vo~w Otvtloptr 

single-click Word's Show/Hide button {shown, right), 
located in Word's top-of-page panel {click Word's 
"Home· tab if Show/Hide isn't displayed). 

• To HIDE the red-text instructions. single-click the 
Snow/Hide button again . 

r 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME OF FACILITY: Armed Forces Radioblology Research fnstitute 

11. PROTOCOL NUMBER: .... l (b_)(_6) ____ __, 

Ill. PROTOCOL TITLE: Jn vivo combined therapy for ionizing radiation followed by 
wound trauma in the laboratory mouse (Mus musculus) 

IV. PRINCIPAL. INVESTIGATOR: 

._Ub...;)(...;,6J__,.. ___ __.IPhD 
Principal Investigator 
SAO 
r e1·r,.lrb'"'>""'<6,.,..>--..... , Faxk bl(6) f b)(6) I 

Date 
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V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and ls consistent with good scientific research practice. 

l(b)(6) I PhD, Lt Col, USAF 
Head, Scientifle Research Department AERBJ 
Telephone:l<blf6l !Fax:...,l(b...,)(.._6.._) __ __, 
l (b)(6) I 

Date 

VI. STATISn CAI.. REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures nhat the number of animals used is appropriate to obtain suiticient data and/or is not excessive, 
and the statistical design is appropriate for the intent of the study 

l<b)(6) I PhD Date 
Statistician 
Telephonej""(b,....).,.,.(6"'") __ _,I Fax:l(b)16) 

l(b )(6) 

VII. ATIENDING VETERINARIAN: In accordance with Animal Welfare Regulations. the 
Attending Veterinarian was consulted In the planning of procedures and manipulations that may cause 
more tihan sllght 0 1r momentary pain or distress, even if relieved by anesthetics or analgesics:. 

ICb)(6) IDVM, LTC, vc, USA Date 
Head, Veterinary Sciences Department, AFRRl 
if eterhonel(lb\1§) I Fax:l(b )(6) I 

l<bl(6 I 

VIII. SAF1ETV OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFRRI Form 310. EH$ Research Protocol Hazard Analysis) 

l(b )(6) I 
.§nvironmental Health and ~afeR DeJartment, USUHS 
Telephone t(b)(6) I Fax:I b){6 I 

l<bH6) I 

Date 

IX. IACUC .AIPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on-----

(Date) 

(b)(6) Ph.D. 
rn~---,.""F':~~~S:....:c.;..:ie:..;_n:..;_tir;.;.:.,ic Research Department, AFRR I 

r.,.o~--. ............ ..-_ _ -'l Fax:,............, __ _, 
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PROT10 COL TITLE: In vivo combined therapy for ionizing radiation followed by wound 
trauma in the laboratory mouse (Mus musculus) 

PRINCIPAL INVESTIGATOR:! L..(b-)(6_> ____ __. 

CO-INVESTIGATOR($ ): 

AFRRI SCIENTIFIC RESEARCH PROTOCOL NUMBER:._j(b_>(6_) __ __. 

I. NON-TECHNICAL SYNOPSIS Terrorist use of radiological weapons is considered] an 
urgent threat to both military and civilian personnel. Radiation exposure combined with 
other injuries, such as thermal burns, wound, and increased susceptibility to infection 
characterize short-term casualties in many radiological incident scenarios, 01Ur research 
has shown th~t the drugs, granulocyte-colony stimulating factor (G-CSF) and 

j(b)(4J ] are very effective for increasing survival after irradiation followed by 
wound trauma (Cl) in mice. Since Cl results in depletion of neutrophils and p~afelets , G~ 
CSF stimulates neutrophil generation, ancACb)(4) lincreases platelet formatron. 
we propose here to test combined treatment with G-CSF andl(b)(4) ~or their 
ability to improve recovery of tissues from the combined effects of radiation and wound. 
Successful development of such a therapy would increase survival of personnel who 
are victims of such scenarios. 

11. BACKGROUND 

11.1. Background Radiation and wound injury would appear to have little in common. 
Radiation lnjury is triggered by production of free-radical species within the cell that 
damage or disable important biomolecules. Wound injury induces tissue trauma and 
systemic bacterial infection. Despite differences in the initiation events, evidence has 
accumulated in recent years that many of the subsequent cellular responses have 
mechanisms in common. Both injuries involve complex biochemical pathways of the 
stress response in tissues, which are now only beginning to be understood. It is clear 
that nitric oxide (NO) signaling plays a central role in the extent of damage that occurs 
after exposure to many stressors. This observation led us to consider the possibility ~hat 
pharmacological approaches to alter NO metabolism, which we are currently 
investigating for treating wound trauma, might also be effective for treating radiation 
stress or a combination of the two injuries combined. 

A. Effects of Combined Injury (Cl) 
Injury from ionizing radiation together with a non-lethal wound can have a wide 

range of harmful effects on humans. including leucopenia. purpura, hemorrhage, 
pneumonia, and hair loss between days o and 7 after radiation, followed by diarrhea, 
fever, electrolyte disturbance, convulsions. ataxia, tremor, and death 7-14 days after 
radiation. High doses of radiation suppress hematopoiesis and the immune responses 
and increase remarkably the risk of infection, which may bee m J h m Ii .tion 
[Brook et al. , 2004; Hoppe, 1989; Reigle and Oienger, 2003; (b)(4).(b)(6) ..,__ ______ ..... 
Organs such as small intestine, lung, and bone are also relatively sensitive to ionizing 
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ro enitor cel ls ._l(b_)(_4_) ______ ___J 

1.:...:.-...:...---------------......i Multiple-organ dysfunction 
syndrome (MODS) and multiple-organ failure (MOF) can result [Baue, 1998). 

The damage that ultimately leads to the generalized, systemic responses described 
above originates at the cellular and molecular level. Electromagnetic waves or particles 
constituting the various qualities of ionizing radiation induce damaging ionizations in 
biological molecules - either directly or indirectly through the production of reactive 
oxygen species (ROS) intermediates - resulting in altered biochemical activities that 
disrupt normal cell homeostasis. Studies in a variety of biological systems have shown 
that these alterations can involve a complex series of events that are often interrelated, 
affecting gene activities, protein expression, and basic metabolic pathways. For 
example, ionizing radiation can cause DNA double-strand breaks, which can lead to 
cell-cycle arrest via A TM~CHK2=NF=KB/p53/CDC25 pathways [review by Houtgraaf et 
al. , 2006]. Wound trauma enhances the DNA double-strand breaks, as indicated by 
increas·ed y·H2AX formationl(b)(4).(b)(6) I 

The capacity of ionizing radiation and wound to induce apoptosis and !hereby cause 
damage to organs and systems exemplifies the complexity of a response that rnig1ht be 
better understood using the systematic analysis we are proposing. Excessive ROS 
levels can lead to impaired intracellular ionic homeostasis by damaging cellular 
macromolecules, including ONA, proteins, and lipids, resulting in caspase-independent 
apoptosis or cancer induction [Cadet et al., 2004; Ogawa et al. , 2003; Olive, 1998]. High 
concentrations of ROS produced by radiation can attack mitochondria, resulting in the 
release of cytochrome C into the cytoplasm. Caspase-9 and Apaf-1 conjugate 
cytochrome C to form apoptosomes that in turn activate caspase·3 and ~7 . Active 
caspase-3 then activates caspase-2, ·6, -8, and -10, resulting in apoptosis and 
elimination of the damaged cells [Hill et al., 2003; Kannan and Jain, 2000; Richter', 
1993; Simon et al., 2000; Kiang, 2004: Jiang and Wang, 2004]. 

A possible role for NO metabolism in radiation injury and wound has been 
recognized only recently (b)(4).(b)(6) A high percentage of mammary tumors in 
animals receiving a whole- o y ra 1at1on ose of 1.5 Gy gamma radiation was showni 
probably to be mediated by increased levels of the inducible form of nitric oxicile 
synthase (iNOS) and NO level [lnano and Onoda, 2005). Up-regulation of iNOS activity, 
which leads to increased levels of NO, was observed in cultured rat vascular smooth
muscle cells, which were given 14-25 Gy 6°Co gamma photons [Zhong et al., 2004]. 
Similar results have been reported in skin cells after UVB exposure [Chang et al., 2003]. 
Increased INOS and radiation exposure have been shown to induce apoptosis in a 
caspase-dependent fashion [Chung et al., 2003], and radiation-induced apoptosis can 
be prevented by an iNOS inhibitor [Hirakawa et al., 2002). Over-expression of iNOS 
[Ghosh et al. , 2001] and NO induced after irradiation have been shown to be 
responsible for the subsequent cell death! and we have demonstrated that iNOS 
regulates caspase-dependent apoptosisl(b)(4) I atg-S~aependent 
autophagyl(b)(4) ~ and tight junctions between cells [Han et al. . 
2004]. 

Preliminary data from our experiments with human T cells indicate that gamma 
radiation-induced injury is mediated by the iNOS pathway. Inhibition of this pathway 
reduces radiation lethality and enhances cell survival. Additionally, preliminary data from 
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our laboratoryl(b)(4) land others [Antonsson et al., 1997; Hockenberry, 
1995; Jacobson and Bergeron 2002; Yang and Korsmeyer, 1996; Di Masi et al., 2006; 
Li et al., 2007] suggest that interactions among Bcl-2. Bax, and p53 are implicated in 
radiation-induced cell death, Wound trauma further increases radiation-induced p21 , 
Bax, DNA damage-binding protein 2 (DDB2) and teiomerase reverse transcri1ptase 
(TERT)l<bl(4) I 

In addition, wound trauma significantly furthers radiation-induced depletion of RBCs_. 
platelets, splenocytes. neuttophils, eosinophils, basophils, and leukocytesl<bJ(4J,(bJ(B) I 

( b)(4), (_~)(6..L .. I ····· I Serum concentrations of IL-1 t31 -61 -8, and G-CSF after irraduation are maQh1ified 
by wound as well. Taken together with data on activation of the iNOS si nalin · a 
wound si nificantl increases radiation-induced lethalit, (b)(4),(b)(6) 

(b)(4),(b)(6) 

efficacy and low toxicity (b)(4J However, n,o pharmaceutieals are 
currently approved spectfically for acute radiation,,..i.-.......,· · 1".l· ·-...i..i-.i.......,. 

from our laboratory showed that either G=CSF,.;;;o..,..r ...,.<b,...>(...,4J......,.. __ _.__=~=.;..;.;.;..o ...... 
increased mouse survival significantly after Cl (b)(4),(b)(6) ___________ ____, 

B. Effect of Granulocyte-colohy stimulating factor (G-CSF) 
Granulocyte-colony stimulating factor is a specific immunomodUilator. rhG·CSF 

(Neupogen®), has a longer half-life in circulation than natural G-GSF and is an 
approved drug for human use. Consequently, rhG~CSF could be used off~label In 
radiation casualties to mitigate neutropenia [Waselenko et al., 2004]. Adapting from 
results ,of previous studies in irradiated canines and non-human primates (NHP), and 
following a human accident,, Neupogen® will be tested for its ability to enhance survival 
and reduce neutropenia in irradiated mice. In canines, rhG-CSF was given as a 5-ml 
bolus, 1 o µg/kg/day (100 µg/dog), s.c. once per day. Injections began in the morning 
one day after exposure, and were given for a total of 14-28 days [MacVittie et al., 2005]. 
rhG-CSF improved recovery of neutrophils and enhanced survival [MacVittie et al. , 
2005]. Similarly, in NHP, a dose of 10 µg rhG-CSF/kg/day (25~40 µg/NHP) was given 
s.c. starting the day after irradiation, continuing for a total of 14 days [Neellis et al., 
1997], In that re;port; rhG-CSF significantly shortened the period of neutropenia after 
whole-body Irradiation [Neelis et al., 1997]. In 3-month-old unirradiated Gottingen 
minipigs, rhG-CSF elevated white blood cells [Takai et al., 2008]. In that study, a dose 
of 5-10 µg rhG-CSF/kg/day (no body mass provided) was injected s,c. once daily in the 
cervical region for 1 O days. No abnormal clinical signs were observed. White blood! cells 
(WBC) averaged about 15 x 103/µI in vehicle-injected animals, gradually increasing 
during rhG-CSF administration, and reaching a mean of 30 x 103/µI on day 3, 40-70 x 
103/µl on day 1, and 40·90 x 103/µ I on day 10, with no difference observed between 
rhG-CSF doses or gender. The increase was mostly attributed to segmented 
neutrophils. No effect of rhG·CSF on blood chemistry parameters was observed. 
Enlargement and increased weight of spleens, an increased number of granulocytic 
cells in bone marrow, and increased extramedullary hematopoiesis in liver and spl·een 
ware al.so observed in the rhG·CSF-treated minipigs, which are all expected effects of 
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G-CSF. However, no adverse changes were observed in any of the tests !Takai et al., 
2008]. Pegylated G-CSF combined with stem cell factor and erythropoietin successfully 
saved a human victim exposed accidentally to 4.5 Gy ionizing radiation [Bertho et al. , 
2008]. In our B6D2Fi/J mouse model. administration of G-CSF s.c. once daily beginning 
24 h (day 1) through day 14 after Cl in combination with topical application of 
gentamicin cream once daily to the wound day 1 to day 1 O and administration of 
levofloxacin p.o. once daily day 3 to day 21 increased mouse survival. In 86D2F1 /J 
mice, which were given 9.5 Gy 6°Co gamma-photon radiation, G-CSF therapy increased 
survival to 1 00% compared to 67% in vehicle-treated control animals. In Cl mice/ G
CSF increased survival to 25% compared to 5% in vehicle-treated micel(b)(4),(b)(6) 
(b )(4),(b )(6) 

C. Effect of 1(6l(4) I 
Hematopoietic tissue is highly susceptible to cytotoxic effects of ionizing radiation, 
resultin in thromboc to . enia andior neutro enia, followed b mortalit . 

(b )( 4) 

(b )(4) In D2F1 
mice, mg rug given s.c. was e ec tve w ·en given pos -1rra 1a ion lncreasin . 
~I to 70% after 9-Gy 60Co gamma irradiation at 0.6 GY./min (b)(4) 
~In our B602F,/J mouse model. s.c. administration of (b)(4) 24 h after Cl 
in combination with topical application of gentamicin cream to the wound day 1 to day 
10 and administration of levofloxacin p.o. day 3 to day 21 increased mouse survival. 
The treatment also improved body weight, numbers of platelets, neutrophils, and 
eosinophils. and spleen weights and the number of splenocytes after Cl. 

We propose here to evaluate G-CSF given at 4 h an~(b)(4) lgiven at 24 h 
after Cl or vice versa or given together at the same time in combination with topical 
gentamicin for 1 O days, days 1 through 10, and oral levofloxacin for 14 days, days 3 
through 16. From these observations described above, it is_hypothesized that this 
combined treatment regimen will demonstrate either additive or synergistic therapeutic 
effects on survival of Cl mice. 

11.2. Literature Search for Duplication 

11.2.1. Li terature Sources Searched 
PubMed 1948-2013; Defense Technical Information Center (DTIC) no time period 
presented; DoD Biomedical Research Database (BRO) 1998-2009 ; and NIH Research 
Portfolio Online Reporting Tools (RePORTer) 1989-2013. 

11.2.2. Date of Search December 5, 2013 

11.2.3. Period of Search PubMed 1948·2013; Defense Technical Information Center 
(DTIC) no time period presented; DoD Biomedical Research Database {BRO) 1998-
2009; and NIH Research Portfolio Online Reporting Tools (RePORTer) 1989-2013. 
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11.2.4. ~ey Word's of Search Following key words and their combinations were used to 
perform the literature search fbr any duplication ; mouse, pain, distress, analgiesia, 
anesthesia, ionizin radiation, wound, combined injury, G·CSF, gentamicin, 
levofloxacin, and (b)(4) ..._ ____ __, 

11.2.5. Results of Search In summary, no duplication effort was found for the proposed 
study. 
Search for key words mouse, pain, distress, analgesia, anesthesia ionizlrr tadlation, 
wound, combined injury, G-CSF, gentamicin, levofloxacin, and (b)(4) has 
reflected in "O" matches on NIH RePORTer, BRD; Pub Med, or DTJC. Th:ereftorn. no 
duplication effort was found. 

Results 
Mousef,Jonizin 0 
Mouse/~oni Z:in 0 
Mouse/1ionizin 0 
Mouse/Uonizin · 0 
Mouse/1ionizln o_ 
Mouse/1ionizin 0 

0 
0 
0 
(l 

Ill. OBJECTIVE I HYPOTHESIS Objec·tives: 
1. Determine rtH>rtality after exposure to Cl in the presence of G-CSF and 

l(b)(4) I u is evident that non=lethal v~radiation combined with non=lethal 
wounding in mice significantly increases mortality; whereas mice treated with either 
dru" cfar la ed increased survival after GL We expect that treatment with G°CSF and 
(b)(4) hall increase survival additively or SY.nergistically. 
2. eterm ne whethe'r treatment with G-CSF andl(b)(4) !ameliorates tissue 
injury from Cl. We have shown that lethal radiation alone or wound alone, or 
combination activates the iNOS pathways. We will examine whether treatment with G-
CSF andl{b)(4l !ameliorates tissue injury including bone marrow and small 
intestine. 
3. Elucidate the mechanism underlying the therapy provided by G-CSF and 

l<b)(4) I Because either radiation or wound activates the iNOS pathway and 
ind · · nd autophagy, the therapy from combined injury provided by G-CSF 
and (b)(4) should be mediated by its ability to inhibit the iNOS pathway, 
hemato ogica ,ep etion, cytokine imbalance and bacterial infection. 

Hypothesis: 
l his combined treatment regimen will demonstrate either additive or synergistic 
therapeutic effects. 
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IV. MILlTARY RELEVANCE Sw:cessfulcompletion of lhe proposed srudy holds Lhe prospec{ 
of identifying and characterizing highly radiotherapy compounds again~t acu1c and chron ic 
forms of ionizing radiation combint:d injury. thereby helping $UStain military operations in 
''RAD/NUC envi ronmen1s", Our previous and current work clearly demons1rn1es thrir either G-
CSF o~(b)(4) ~re therapeoticatJy effective to improve survival after acute exposure.<> to 
y-rnys. Most imponantly. once being fully characterized. these compounds could be funher 
developed into novel radiothen1ppy drugs used both by military and domestic authorities in the 
event of RAD/NUC incidents. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 
Geal..lml. The overall experimental approach is in evuluating and d<weloping G-CSF ancl 

l(b)( ) las a safe and effective Lherapy for persons at ri.sk of Cl af1er RAD!NUC hazards. 
Our hypothesis is that tbis combined trearn:ient regimen will demonsLratc either addi1·ivc or 
synergistic therapeutic offecrn. 

Animals: 
B602Fi/J female mice, approx . 12-22 weeks of age, will be housed inn fac il ity 

L1c<:reditcd by the Association for Assessment and Accreditation of Laboratory Animal Cure, 
International. Animal moms will he maintained at 22° ± 4°C with 50% ± 20% relative humidity 
on a 12-hr light/dark cycle. Animals will be randomized prior to each ~xperiment and housed In 
small 'hocbox cage. (four animal per cage). Commercial rodent ration (Harlan Teklad Rodenr 
Diet 8604) will be frtely available as will acidified (pH=2.5 - 3.0) water to control opportunistic 
infections. All animal-handling procedures will be pcrfonned in compliance with Guide.for tl1e 
Care aml Vu of Labvratory Animals, eighth edition from th~ National Research Council (201 I). 

Female mice are used as they are less aggressive to cage mates than the male:;. 
Therefore. they will not cause further unnecessary wollnding. The animal~ will be purchased 
from The Jackson Laboratory. 

Irradiation proceclures: 
Exposure of animals to gamma radiation will be conducted o~ing the AFRRI cobnU-60 

source. Thi11y lo 40 min before irradi<ltion, mice will be placed in perforated acrylic reslrnincr:-1 
with partitions (four mice/box with separate compartments for each animal, loa<led on ::i single 
side) designed for radiation exposure experiments. The calibration factor for che ionization 
chamber will be cal culated by means of a standard obrairicd from an accredited dosimetry 
calibration laboratory (M. D. Anderson Cancer Center. Houston. TX) certified by the Natimial 
Institute of Standards and Technolo _ '· Radiation exposures will be bilaternl and whole-body as 
described previously b}(4),(b)(6) Based on th e extensive studies conducted previously 
at AFRRL. the srandard radiation dose r::ite will be 0.4 Gy/rnin 611Co at ambient temperature to 
deliver a dose. A single dose of LD10130 (i(1Co r -photon rauiation del ivered at 0.4 Gy/min will he 
u:sed. The LD~"1111 in combined injured B6D2F1/J female mice was determined to be 8.95 Gy in 
2009l(b)(4),(b)(6) I rn the current investigations. a radiation dose of 9.5 Gy, which is 
approximarel y LDm130 {i.e., 70% Jerhal during 30 d following Cl), will be used. Sham-rrnated 
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control mice will be hancllecl in che samt.~ manner as thOs(.} irmdialcd but will not be gi ven a dose 
of gamma photons. The sham-treated mice will be returned to their cages in the vivarium. 

WoLincl Trauma: 
One to three days before irradiation ::ind/or wounding, mice will oe anesthetized oy isoflur:me 

inhalation and thcn their dorsal hair wi ll be shaved. One h post-irradiation. mice wi ll be 
anesthc::tized for approx imately 3 to 4 minutes by inhalation of methoxynurane unti l respiration 
rate is approximately once per second in a glass dressing jar on a warming pad at 21-27°C. (The 
water pump hat-1 a rheostat thermisto.- to control the water temperature.). or. as an alternative, by 
inhalation of isotlurane (2-ch\oro~2-(difluoromethox y)- 1, I , 1-trifluoro-ethane). Por induction of 
trauma, meLhox.yllurane is preferred because the. animals remain predictably unconscious for a 
Sllfficient time to perform the procedure as well as to provide temporary pain reJief. Jsoflurane 
u~ts more quickly and animals recover more quickly, less tban one minute, after removal from 
isofluranc-ox.ygen unit, which w<.mld oe innppropriate during the wounding prnce<.lurc. th~m w ~th 
methoxyflurane anesthesia. 

Similarly. during the cardia~ puncture procedure. mice. which <ir'c anesthetized by inhalation 
of methox.ytluranc , rcmilin unconscious for a sufficient time to perform the procedure so that 
an imals do not awaken and move; however, isoflurane can be used, if the dispensing machine 
with tubing and nose cone are readily available for this procedure. 

We will collaborate with the veterinary services department to progressively transition to the 
u:1c of isoflu ranc. if it can be demonstrated to maintain adequate anesthesia for the wound 111odel 
(i.e., able to l:omplete the wound procedure using isoflurane and not affect the timing of the 
wound injury post-irradiation as compared to methoxyt1urnne). 

Non-lclhal wound · to a double layer of dorsal surface skin caudal from the neck and between 
the shoulders in the center of the back will be created with a stai nless steel punch (9/ 16-in) on a 
Teflon-coverl!d board. both cleansed with 70% alcohol after each use. The pam1iculus eamosus 
muscle and overlying skin will be removed. The size of the wound approximates 15% of the 
coral body skin surface (TBSS ). Acetaminophen solution, 150 mg/kg. in 0.5 ml sterile saline 
given QS a fluid thera v i .. , will be admjniscered immediately fol lowing wounding to reduce 
pain and distress (b}(4),(b)(6) All wounded animals will he given a second dose of 
acetaminophen 4 hours arter the first dose hut not more than 8 hours after the fin;t dose. 

Previous studies in this mouse model show that. without treatment. full wound closure after 
irradiation requires rnore than 30 days. Closure to 50% of the initial wound size is accomplished 
in about ~ 4 da s. Without irradiation, the C(Jmplcle W()Und dMure time is upproximutely 14 days 
(b)(4),(b)(6) . Sham-treated control mice will be hanllled in the same manner as those 
woun e · ut wt noi be given a wound. The sham-tre::ited mice will be returned to their cages in 
the vivarium. 

Other ·experimental considerntions: The:: wounding proL"ess is labor intensive. It is only 
possible to wound 20 animals within a limited time frame after radiation exposure. Because the 
time of wounding has been shown to have an impact oa the cverity of the imcraction, it is 
important to minimize the timefrnmc for this prc.x:css. Consequently. it will be necessary to 
irradiate treatment groups of mice in pairs in six run~ for each ~xpcrimcnt. 

Test drugs: 
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(I) Pegyl:lled G~CSF ( 1000 µglkg. s.c., 25 µg,'mouse) or Vl!hklc [sterile, d ear. colorless, 
preserv<1ti ve-free solution containing acetate (0.35 mg). poly~orbate 20 (0.02 mg). sodium 
(0.02 mg). and sorbttol (30 mg) in 0.6 ml Water for Injection. USP; 0.2 ml/mouse s.c.] 
Hnd 

(2)j<b)(4) ( 1 mg/kg. s.c .. 25 µg/mouse) or vehicle (sterile 0.9% sodium chloride 
solution for injection. USP; 0.2 ml/mouse s.c.) will be admi nistered at specified times 
ttfter irradiuti on. 

Antimicrobial agents: 
Antimicrobiul agents. gcntamicin sulfate (GEN. 0.1 % cream) w ill be applied topically on the 

wound site for 10 days. on days I through lO; and levolloxacin (LVX. 90-100 mg/kg p.o.) will 
be given orally once daily for 14 days, Otl days 3 through 16. 

Survival assessment: 
Afier rad iation exposure. mice will be returned Lo the animal faci lity and housed 4 mice per 

cage with free access to rations al'1d water. The rnk:e will be obscl ved for JO days a!ld the 
percentage of mice surviving that period will be calculated for each treatment group. 

Body-weight measurements: 
The degree of body weight loss is a good predictor of rad iation mortali ty . We will measure 

the btx.ly weight of mice treated with vehicle 01· drugs I, 3, 7, 14, 21. and 28 d after irt<l<liation. 

Wound closure: 
Wounded animals will be observed for 30 days to monitor wound closure by caliper 

measurements on days 1, 7. 14, 21. and 28 post skin wound trauma alone or with radiation. 

Water consumption: 
Daily water consumption for days L 2. 3, 4, 5. 6. and 7 after sham, wound , irradiacion, and 

Cl wi ll be measured using graduated water bottles. 

Blood colle~1Lo 11 : 
At 4-5 hr, l, 3, 7, 15. and 30 days after in·adiation, animals will be anaesrhetized 

appropdntcly by methoxyflurane inhalation. However, isoflurane can be used. if the dispt:nsing 
muchinc with tubing and nose cone are readjJy available for thi s procedure. Blood will be 
collected using cardiac puncture wilh 23- to 26-G needles. 

Tissue collection: 
At each time point and after blood collection, the ani rnal under isoflurane inhalation will he 

euthuniie<l by cervical dh;Jocution before terminal tis!iue uollcctions arc perfonned (section 
V.4.4.2-biosamples). Tissues will be frozen at -70°C unti l evaluated in vitro. 

V.1.1. Experiment 1. Specific Aim #1: Determine survival, body weiJ?hts, water 
consumption, and wound healing after Cl and therapy with G-CSF and.L.Fb....;)..;..(4..;..) ___ ___. 

Racionalc: It is cvi<lcnr that non-lethal y-radiation combi11cd with wounding in mice significantly 
increa-;es mortality; whereas mi1.:e treated with ei ther drug 24 h Hftcr irradiation displaye<l 
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incre:.isecl survival after combined injury. Since Dcp~u·tment of Dcfone.c expects to treat 
irradiated personnel with drugs 4 h after irradiation. we will evaluate these drugs at this rime 
point. 
Experimental designs: 
(i) Experiment 1.1 . (240 mice) PEG-G-CSF andHb)(4) ~ill be administered 
concurrently 4 h after sham. wound. RI. or Ci. PEG-G-CSF will also be administered on days 8 

and 15. 
(ii) Experiment 1.2. t240 mice) PEG-0-CSF and l<b)(4) lwiJJ be administered 
sequentiall y 4 hand 24 h after sham. wound. RI. or Cl. PEG-G-CSF will also he administered on 
days 8 and 15. 
(iii) Experimcn1 l.3. (240 mice)j(b)(4) land PEG-G-CSF will be administered 
sequent ially 4 hand 24 h after sham, wound. RT, or CT. PEG-G-CSF will also he administered 011 

days 8 and 15. 

Beginning on Day l. 0.1 % gemamicin sulfate cream (GEN) wilJ he applied topically daily 
through Day I 0 (i.e .. I 0 conse,utivc duys) via u sterile swab and gloved finger to !'.ipe<.:ificd m.ice 
(see tahlc for treatment groups). ht uddition, levofloxaci n (LVX; 90- l 00 mg/kg in 0.2 rnl sterile 
water solution, p.o.) will he uJministered to mice once daily for 14 Jays on Days 3-l 6 post= 
irradiation using a 20-gauge oral feed ing 11eedle fitted to a I-ml stt!lile sytingt!. 

Water intake, bodywcights, wound healing, and survival in these mice will be monirored. 
On or uftcr day :rn. blood collection and terminal tissue collection (no more than 6 animals per 
group) may take place for analyzing blood cell composition and signal transduction pathways. 

Mice will be randomly divided into 12 groups (n=20 per group) for evaluation of each of thre-e 
drug regimens: 
f3 drug regimens x L administration route x I administration Lime x I radiation dose x 12 
experirnemal groups x 20 animals/group] = (Total: 720 mice) 

Experiment I. Design 
Group Treatment 

1 Sham 

2 Sham+Veh 

3 Sham+G-CSF* b )( 4) 

4 Wound 

5 wound+Veh 

6 Wound+G-CSF~(b)(4) 
7 RI (9.5 Gy) 

8 Rl+Veh 

9 Rl+G·CSF+Eb )( 4) 

10 Rl+Wound (Cl) 

11 Cl+Veh 

12 Cl+G-CSF4(b)(4) 

No. mice 

20 

20 

20 

20 
20 
20 
20 

20 

20 
20 

20 

20 
Total mice= 240 
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Sham= no R:idia1iun or Wound: 
Wound ::: i-lon wound injury ( l 5% TB-SA on Day 0): 
RI = RadiutiM Injury (9.S Gy on Duy OJ: 
Cl =RI +Wound; 
YEH = vehicle), for G-CSF t ~terile. clear. colorless, preservative-free i:olut1on contuining act!tate (CUS mg!. 
i;olysorbate 20 (0.02 ml! . sndrnro (0.02 mg), and sorbitol (30 mg) in 0.6 ml Water for Injection, USP; 0.2ml/mouse 
!'..C.I anJ (b)(4) sterile 0.9% sodium chloride solu1io11 for injection. USP; 0.2ml/mousc ~.c) ; 
L VX = levolloxc1cin f I mg/kg, po.): 
GEN,. !!cntumicin (O. I '7.1 ~entamicin sulfa1e cream applied topicolly to woun<l site ). 

Expenmcnt L 4x4 stallst1cal d . cs1gn (surviva) 
GfOUpS Sham Wound RI CJ Total 
Control N=20 N==20 N=:20 N=20 N=80 
Yeh N=20 N=20 N=20 N=20 N=80 
Drugs N=20 N=20 N=20 N=20 N=80 
Tomi N=60 N=60 N=60 N=60 N=240 

Expected Results: We expect that, at a minimum. combined treatment withl(b)(4) land G-
CSF will enhance survival from radiation con1bine<l wirh wound comparc<l to vehicle-treute<l 
mice. 

V.1.2. ExJ')eriment 2. Specific Aim #2. Determine whethtt trc-atmcnt with G-CSF and f b)(4) I a meliorates tissue injury from radiation combined with wound 

Rat ionale: We have shown rhat Rf alone or Cl increase apoprosis and autophagx in i leum and 
skio 7 day after Rl or CI. We will examine whether treatmeot with G-CSF and ._l<b_)_(4_) ___ _, 

ameliorates tissue injury incl uding bone marrow and small intestine. 
Experimental designs: Effect of drugs on tissue morphology and hernatolo 
The optimal treatment regimen of combined PEG-G-CSF an (b)(4) will be determined 
by rcsulls of experiments 1.1, 1.2. and 1.3. A second dose of PEG-G-CSF alone will also be 
admini1'tered on Day 8. 

Beginning on Day l, 0.1 % gentamicin sulfate cream (GEN) wil1 he applied topica11y daily 
through Day 10 (i.e .. I 0 consecutive days) via a sterile swab and gloved finger to specified mice. 
(sec table for Lrcatment grollpS). In addition. levoflox.aci n (LVX; 90-100 mg/kg in 0.2 ml sterile 
water solution, p.o.) will be administered to mice, which remain in the cxperimeM aftei' sampling 
intervals, once daily for 12 days on Days 3~14 post-irradiation using a 20·gauge feeding needle 
fitted to a I-ml ~tcri l c syringe. 

(i') E;11.periment 2.1: Histopathology of bone marrow. ileum. and skin. (360 mice) 
At 4-5 h. I. 3. 7. and 15 days after irradiation and wounding, mice will be removed from cages 
and cuth3nized (N=6 mice per group per time point) before administration of GEN and LVX to 
mice that will remain in the experiment. Their blood. bone morrow. ileum. and skin will be 
collecte<l and prepare<l for histopathology with H&E staining an<l immunonuorescent ::;taining. 
Apoptosis (TUNEL as:;ay) and autophagy (LC-3 immunofluoresence) will be performed. 
(ii) Experiment 2.2: Hematology analysis (0 mice) 
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Blood collected by cardiac puncture trom mice in Experiment 2. 1 will be used for blood cell 
<1nalysis to determine changes in numbers of blood cells, including WBCs. RB Cs. hemoglobin, 
hematocril. plateleb. lymphocyte. neutrophib. monocyles. eosinophjls, and basophils. 

Mice will be randomly divided into 12 groups (N~ I group I time point): 
lOnc administration route x I drug regimen x I administration time x I r:.idialion Llose x 12 
experimental groups x 6 animals/group x 5 collection times= Total 360 micel 

Experiment 2. Design. 

Group Treatment 

1 Sham 

2 Sham+Veh 

3 Sham+G•CSF=~(b){4) 
4 Wound 

5 Wound+Veh 

6 Wound+G-CSF~~b)~4) 
7 RI (9.5 Gy) 

8 Rl+Veh 

9 Rl+G-CSFi (b)(4) 

10 Rl+Wound (Cl) 

11 Cl+Veh 

12 Cl+G-CSF!(b)(4) 

? s E xpenment - · r am~ 111g per time EOmt: 
Groups Sham Wound RI Cl 
Comrol N=6 N=6 N~6 N ... 6 
Yeh N=6 N=6 N=6 N=6 
Drugs N=6 N=6 N=6 N=6 
Total N=l8 N:::l8 N= L8 N== l 8 

No. mice 

30 

30 

30 
30 

30 

30 
30 
30 
30 
30 

30 

30 

Total mice= 360 

Total 
N~24 

N=24 
N=24 
N=72 

Expected result~.: Because G-CSF andl(b){4) lsti mulme ncutrophil generation and 
plarclot production. respectively: we expect to sec improvcmcm of bone marrow morphlllogy 
l:lnd hematological profiles. Whether structure of ileum ancl skin will be improved is 11ot 
predictnblc. The results, however. will advance our undcrstunc.Jing with two promising <lrugs as 
therapies for CI. 

V.1.3. Experiment 3. S ecific Aim #3. Eluddate the mechanism underlying the therapy 
provided by G-CSF and (b)(4) 

Rationale: Because either radimion or wound activates the iNOS pathway to induce cell 
apoptosis :md autophagy, :ind drastical ly increase cytokine concentrmion<> in scrnm, the therapy 
for \:ombined injury provided by G-CSF anJ (b)(4) I. hould be mediated by its abiljty to 
inhibit the iNOS pathway and/or other possible signal transduction as well as inhibition of pro
inflamm:.itory cytokines. Cl=induced bacterial infection and batTicr breakdown shall be blocked 
hy these two drugs as well.. 
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Expc.:riml!nlJl design: cffct'lS of drugs on signal transduction and systemic bacterial infection. 
The optimal treatment regimen of combined PEG-0-CS F an<l{b)(4) !will he determined hy results of 
experiments 1.1. 1.2. rn1d 1.3. A ~econd dose of PcG=G=CSP alone will alsl1 be admini~lcred on D:ty 8. 
Beginning on Day I, 0.1 % gentamicin sulfate cream (GEN) will be applieJ topica11y daily 
through Day I 0 (i.e .• I 0 consecutive days) via a sterile swab and gloved finger to specified mice 
(see 1~1bk: for 1rea11nent groups). In addition, l~vofloxaci n (LVX: 90· I 00 mg/kg in 0.2 ml ste1ile 
water solution .. p.o.) will be administered to mice. which remai n in the experiment after sampling 
intervals. once daily for 12 days on Days 3-14 pose-irradiation using a 20-gaugc feeding needle 
fitted to u I-ml sterile syringe. 

(i) Experiment 3.1: Measurement s of cytokines in scrum (Total 360 mice) 
At 4-5 h, I. 3. 7, and I 5 days after irradiation and wounding. mice will be removed from cages 
uud euthunized (N=o mice per group per ti Ilic poinr) before adrninistrat ion or GEN a11d LVX to 
mice that will remain in the expe1iment. Their blood will be collecte<.I by cardiac puncture and 
senun wffl be separated for cytokine measurement using multiplex Luminex assay. 
(ii) Experiment } .2: Dcrcction und identification of systemic bacterial infection W mice) 

Ventricular hearl blood, Ii ver. and spleen from mice in Experiment 3.1 will be collecteu 
aseptically ancl t:ultured for bacterial deteccion and identification. 
(i.ii) Experiment 3.3: Determination of signaling transduction in bone ma1Tow, ileum and skin (0 
mice). The ti&sue will be removed from mice in Experiment 3. J and processeu for evaluation. 

T1s:-;ucs collected from mice in Experimenr 3.1 will be amilyzed for iNOS. NO. lipid 
pewxidation {MDA). MPO. ATP. MMPs. and TLRs. 

Mice wil l be randoml y di vided into 12 groups (N=6 /group/ time point): 
l l administration route x 1 drug regimen x 1 admini11tration time x l radiation dose x 12 
ex pcrimcntal groups x 6 mice/group x 5 collection times =Total 360 mice I 

Experiment 3. Design. 
Group Treatment No. mice 

1 Sham 30 

2 Sham+Veh 30 
3 Sham+G-CSF~(b)(4) 30 
4 Wound 30 
s Wound+Ven 30 
6 Wound+G-CSF~(b)(4) 30 
7 RI (9.5 Gy) 30 
8 Rl-+Veh 30 
9 R l+G-CSF~(b)(4) 30 

10 Rl+Wound (Cl} 30 

11 Cl+Veh 30 

12 Cl+G-CSFj (b)i4) 30 
Total mice= 360 

Total 
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Control N=6 N=6 N=6 N=6 N=24 
Yeh N=6 N=6 N~ N~ N= 24 
Drugs N=6 N=6 N=6 N=6 N=24 
Total N=18 N..:18 N..:18 N"" l8 N""72 

Expected n:sults: Because G-CSF andl(b)(4) ~ni;rease 30-day survival after CL 
respectively, we expect to see inhibitions of activation of the iNOS pathway, increases in pro
intlammatory cytokine concentrations, and systemic bacterial infection. 

V .2. 0,at.a Analysis Mean with standard error, or percenrnge will be reported if applicable. 
A significance level will be set at 5% for each test. All ~tatistit;fJI tests will be two-sided. 
Kaplan-Meier i:urve ancl the log~nmk test, ANOV A, one-way ANOV /\, post-hoc test. chi·square 
test, and student's test will be used for statistical analyses. 

The sample size N=20 per grnup for survival analysis and the sample size N=6 per group p~r 
lime point for biomolecular assays will have 80% power to detect any significant <liff erence 
between groups if any. given type I en-or of 5% and delta/sigma has at least 1.8. where the delta 
is the estimated mean differences between the two groups and sigma is the pooled standard 
deviation of the two groups. 

For experiments addressing Specific Aim #1, data am.1lysis wilJ be perfonned among 12 groups. 
Kaplan-Meier plot and log-rank test will be used. for experiments addressing Specific Aims #2 
and #3, analysis of variance (A NOVA) will he used co detect if there is a significant di ff ere.nee 
among the groups. If significant. Student-Newman-Keul~ multiple range test will be u~ed to do 
all the possible pair-wise comparisons to identify which group is 'ignificantly different from the 
other. 

V.3. Laboratory Animals Required and Justification 

V .3.1. Non-animal Alternatives Considered 
Drug manufacturers use computer modeling - structure function relationship - and 
screening in vitro by cell cultures during the development of candidate drugs. Computer 
modeling and cell cultures are insufficient to determine whether or not a giiven regimen 
(prophylactic or therapeutic} is effective in promoting survival, resisting infectiorn; or 
enhancing hemopoiesis and biochemical interruption. An integrated, functional , 
computer model of a mammal has not yet been achieved for the purpose of examining 
intricate physiological interactions among cells, tissues, and organs that occur after 
exposure to ionizing radiation. The resiliency of organs, such as the gastrointestinal 
system or hematopoietic system, to ionizing radiation depends on a complex network of 
interactive signaling systems to sense the magnitude of tissue damage, and to initiate 
repair, recovery, and other defense processes. The physiology of these interacting 
networks is altered by radiation in ways that cannot yet be modeled using non-animal 
alternatives. In fact, the proposed studies will provide data, which will contribute directly 
to future models to predict the progress of radiation injury and appropriate medical 
treatments. 
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v .3.2. Animal Model and Species Justification 
The mouse was chosen as the best species of animal to use for radiation therapy 
protocol because: 

(1) It is one of the least sentient mammalian species that will permit us to achieve our 
research objectives. 

(2) The cellular proliferative characteristics of gastrointestinal tract and hematopoietic 
tissues in the mouse are qualitatively similar to those in the human. 

(3) Studies in mice have had a direct impact on work with larger animals and humans, 
as well as clinical treatment. 

(4) There are extensive published reports available for comparison, review, aria 
analysis of major biological f indings. 

Female mice are utilized because they are less aggressive to each other when 
conspecifics ar,e housed together. B6D2F1/J mice are hybrid animals that offer an 
excellent comparison for the genomic distribution seen in humans and are not subject to 
the inbreeding pressures that affect responses to radiation exposure. The genes of the 
parental strains of this mouse differ markedly simulating the human situation. Unl ike 
inbred mouse strains, F1 hybrid mice are uniformly heterozygous for all loci at which the 
parental strains differ and are homozygous. They express hybrid vigor, as do alll 
species, in terms of resistance to disease, better survival under stress, and demonstrate 
greater, longer, natural longevity. Furthennore, the B6D2F1/J b~dQ ~twin o~mause Is 
naturally relatively resistant to radiation and induced infectio~(b)(4).(b )(6 ) l It is 
not overly sensitive to microbial infections. the most common reason for ea; ;mortality 
in acutely irradiated mice. We have used this strain for many years and consequently 
are familiar with its immunological, hematological, microbiological, and pharmacological 
characteristics and responses. Lastly, both parental strains (C57BL6/J and DBA2/J} of 
the B6D2F1 mouse have been genetically mapped which may allow focusing future 
studies on improved therapy strategies for molecular changes included by injuries. 

V .3.3. Laboratory Animals 

V.3.3.1. Genus I Species Mus musculus 

V.3.3.2. Strain I Stock B602F1/J 

V .3.3.3. Source I Vendor Jackson Laboratories, Bar Harbor, Maine 04609-1500; 800-
422-MICE or 207-288-5845, Fax: 207-288-6150, www.jax.ora. USDA registration 
number 11 -R-0001, Customer number 1960. This is the only vendor and the onty 
breeding s ite that will supply the animals used for our VtJO rk. JAX is the establ ished 
premier breeder of healthy B602F1/J mice that maintains a highly regarded quality 
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control breeding facility because only that facility can provide the numbers of mice 
needed in one shipment and because of the exemplary health record. This mouse strain 
will be designated for purchase only from the Bar Harbor facility. Our combined injury 
efforts in this animal use protocol are based upon the uniformity of breeding this mouse 
that al lows comparisons with previously collected data. In our years of working with JAX 
providing this mouse. not once has an experiment been terminated due to undesirable 
microbial associations. 

V.3.3.4. Age Approx. 10-14 weeks of age at purchase; approx. 12-22 weeks of age at 
use. 

V.3.3.5. Weight Approx. 20-35 grams at the time of experimental manipulation. 

V.3.~.6. Sex Female. The 8602F1/J female gender demonstrates less aggressive 
behavior than males to cons ecifics and under stress conditions such as atter wound 
trauma 4 • b 6 Th strous cycle of female mice did not interfere 
with the evaluation of 5-AED (b)(4),{b)(6) It is therefore unlikely that the 
esitrous cycle will interfere wit in the proposed study. 

V.3.3.7. Special Considerations 
Commercially procured animals must be adventitious disease free. 
Pathogen-free, including Pseudomonas aeruginosa and Pasteurella sp. All mice need 
to be free of the following agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus-3 
(Reo 3), Mouse Adenovirus (MAD-1 , MAD-2), Mouse Cytomegalovirus Virus (MCMV), 
Ectromelia. K virus, Lymphocytic Choriomeningitis Virus (LCM), Epidemic Diarrhea of 
Infant Mice (EDIM), Hantaan virus, Rotavirus, Mouse Parvovlrus (MPV}, Polyoma Vi rus, 
Mouse Minute Virus (MMV), Mouse Thymic Virus (MTV), Theiler's Mouse 
Encephalomyelitis Virus (TMEV/GDVll), Encephalitozoon cuniculi, CAR bacillus, 
Mycoplasma pufmonis, and Clostridium piUforme. Endoparasite- and ectoparasite-free. 

V.3.4. Number of Animals Required (by species) B6D2F1/J mice: 1440 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1 . Refinement This protocol will evaluate adjusted early experimental endpoints. 
(1} Moribund animals will be considered to have arrived at the endpoint and will be 
euthanized. 
(2) !Endpoints that assess morbidity will include histology of ileum and lung, and 
concentration determinations of biomolecules including iNOS, NO, MDA, 3-N-Tyr 
protein nitration, ATP, LC3, and defensins at timed intervals for autophagy. The animals 
will have minimal pain or distress. 
(3) 
Acetaminophen will be administered after wound injury to help alleviate any discomfort. 
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(4} Animals will be housed in groups of 4 to encourage social behavior throughout the 
experiment and nestlets will be provided for comfort and to enhance the cage 
environment 

V.3.5.2. Reduction A statistician has reviewed this protocol to ensure that the miniimum 
number ,of animals will be used to gain statistically significant results. We will collect 
multiple data from individual animals. providing information on histology, apoptosis. 
autopha.gy; and several biomolecule assessments. 

V.3.5.3. Replacement We attempted to develop an in vitro Cl model to reduce the 
number of mice used for Cl studies. After a 6-mc>nth effort, the synergistic effect 
observed with our in vivo model was not obtained with the in vitro model. Therefore:, we 
continue to use our in vivo model. 

It is not feasible to use non~animal systems in place of animal models to address the 
research questions ln this project. The mouse is considered to be a lower sentient 
mammalian species than is the rat, rabbit, cavy (guinea pig), canine, minipig, and 
nonhuman primate, which are other mammals that have been used for radiafioni 
research. The mouse is commonly used in laboratory studies to determihe basic 
ex,perimental principles before experimentation in larger mammals or in humans. Tlhe 
immune responses of the mouse are similar to those of the human. Blooei cells arnd 
serum cytokine components of the mouse, while quantitatively different from other 
species, are qualitatively similar to other animal species. The intestinal tract of mice 
contains cellular components similar to those found in higher sentient animals. 
particularly a major component of the immune system that provides surveillance for and 
response to microorganisms. 

V.4. Technical Methods 

V .4.1. Pain I Distress Assessment 

V .4.1.1. AIPHIS Form 7023 Information 

v .4.1 .1.1. Number of Animals 1440 

V,4.1.1.1.1. Column C 180 (#of animals) 

V.4.1.1.1.2. Column D 540 (#of animals} 

V.4.1.1.1.3. Column E 720 (#of animals) 

V .4.1.1.1.4. Pain Category Assignments Because blood will be collected by 
cardiac puncture from anesthetized mice, all sham-treated control mice will be included 
in category D, alleviated pain or distress for experiments 2 and 3. 

I Exp.# I Experimental/Control Group c D E i Totals I 
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Exp.# Experlmental/Control Group c D E Totals 
1.1 PEG,G·GSF an~(b)(4) lwill be administered 60 60 120 240 

concurrently 4 h after sham. wound, Al. ot Cl 
(survival). 

1.2 PEG-G~CSF andl(b)(4) l will be administered 60 60 120 240 
5equentially 4 hand 24 h after sham. wound. RI. or Cl 
(survival). 

1.3 (b)(4) nd PEG-G-CSF will be administered 60 60 120 240 
sequentially 4 hand 24 h after sham. wound, RI. or Cl 
(survival}. 

2 Determine whether treatrfletlf with ootimal 0 180 180 360 
combination of PEG-G-CSF an ~ (b)(4) I 
ameliorates tissue injury from raa1auon como1nea with 
wound (<early endooint). 

3 Elucidate the meehanism underlying the therapy 0 180' 180 360 
nrnvir11'>r1 hv nntimai combination of PEG-G-CSF and 
(b)(4) llearlv endoointl. 

Totals: 180 540 no 1440 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Analgesia I Tranquilization 
Wound procedure: One to three days before irradiation and/or wounding, mice will be 
ane$thetized by isoflurane inhalation and then their dorsal hair will be shaved. One hi 
postlrradiation, mice will be anesthetized for approximately 3 to 4 minutes by inhalation 
of methoxyflurane unti l respiration rate is approximately once per second in a glass 
dressing Jar on a warming pad at 25°C .• or, as an alternative, by inha.lation of' 1-4% 
isoflurane (2-chloro-2-(difluoromethoxy)-1 , 1, 1-trifluoro-ethane). For induction of trauma 
and collection of blood by cardiac puncture, methoxyflurane is preferred because tlhe 
animals remain predictably unconscious for a sufficient time to perform each of the two 
procedures. lsoflurane acts more quickly and animals recover more quickly than with 
methoxyflurane anesthesia. Similarly, during the cardiac puncture procedu1re, mice, 
which are anesthetized by inhalation of methoxyflurane, remain unconscious for a 
sufficient time to perform the procedure so that animals do not awaken and move; 
however, isoflurane can lbe used, if the dispensing machine with tubing and nose cone 
ate readily available for this procedure. 

Acetaminophen solution, 150 mg/kg , will be iven in 0.5 ml sterile saline 
solution for injection, USP, as a fluid therapy i.p. (b)(4),(b)(6) immediately 
following wounding to reduce pain and discomfor . 

Blood collection: At specified time points, animals will be anaesthetized under 
isoflurane inhalation. The isoflurane anesthetic system that is available in VSD mig1ht be 
able to overcome movement of mice in many cases by continuous delivery of vapor 
during this pN:icedure. Blood will be collected using cardiac puncture with 23-26 G 
needles. Blood will be transferred into EDTA vials (lavendeHopped) to for hematology 
studies and plasma or Capiject vials with gel separator (red=topped) for serum 
depending on the experimental purpose. 
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lissue collection : At the end of blood collection, the animal under isoflurane inhalation 
will be euthanized with cervical dislocation before terminal tissue collections (section 
V.4.4.2-biosamples) are implemented. Tissues will be frozen at -80°C until use. 

V.4.1 .2.2. Pre- and Post-procedural Provisions An imals will be housed and cared for 
both before and after dosing and irradiation procedures, as described in Sec1ion V.5. 
Veterinary Care. Prior to irradiation. mice will be group-housed 4-8 per cage with 
conspecifics in Micro- isolator cages {IAW VSDH SOP), and observed at tea.st twice 
daily by the veterinary staff conducting general health check rounds. Following 
irradiation and wounding, the investigative staff will monitor animals on experiment at 
least twice daily, in addition to the routine veterinary staff rounds. Supportive care will 
be observed more frequently by the investigative staff and moribund animals will be 
euthanized (See V.4.5. Study Endpoint). 

V.4.1,2.3. Paralytics NA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched 
l wo sources were searched that contain major compilations of information on painful or 
distressful procedures. These included PUBMED and DoD Biomedical Research 
Database (BRO) . 

V.4.1.3.2. Date of Search December 5, 2013, PUBMED and DoD Biomedical Research 
Database (BAD) 

V.4.1.3.3. Period of Search 1948 to 2013, PUBMED; 1998 to 2009, DoD Biomedical! 
Aesaarch Database 

V.4.1.3.4. Key Words of Search 
Mouse, pain, distress, analgesia, an~~~~2.!:nlliiZ~ing radiation , wound, combined 
injury, G-CSF, gentamicin, levofloxacin, (b)(4) and alternative 

V.4.1.3.5. Results of Search 
l here are no alternative procedures for irradiation because its effects cannot be 
otherwise duplicated. No alternatives for the research effort with mice were found. 
Radiation itself does not cause pain or distress, particularly at sublethal doses. A 
sizable number of animals in these experiments will receive either near-lethal or lethal 
doses. These dose levels will lead to the clinical syndromes following irradiation, which 
may lead to distress/pain and moribundity. There was no mention of employing tissue 
culture for combined injury work. Tissue culture testing for radiation combined injury 
would not be possible as whole animals are required for evaluation. End points such as 
survival , clinical chemistries, complete blood cell counts, and histopathologies. are, by 
their nature, not possible in a cell culture system. Whole living animal systems are 
required for determination of the endpoints identified in this proposal and mice are the 
species of choice to accompl ish those goals and aims. 
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Terms Results 
Mouse/1lonizin9 radiation/wound/alternative/G-CSf" 0 
Mouse/1iOnizino radiation/woul'\d/anesthesia/G-CSF 0 
Mouse/ionizinQ rad iation/woundidi~tress/G-CSF 0 
Mouse/ionizino radiation/wound/analaesla/G,CSF 0 
Mouse/1lonizing radiation/vvound/paln/G-CSF 0 
Mouse/1ionizina radiation/wound/alternative.l(b )( 4) I 0 
Mouse/1ionizing radiation/wound/anesthesi~.1rbH4) I 0 
Mouse/ionizina radiation/wound/dislress~ (b )( 4) I 0 
Mouse/iM iziflQ radiation/wound/analaesiaJ<bH4) I 0 
Mouse/ionlz:ino radiation/wound/oainl(b)(4) I 0 
Mguse/lgnizi_r:ig_radiation/wou!ld/altE}rnative/G-CSF (b)(4) I 0 
Mouse/ioniz:ina radiation/wound/anesthesia/G-CSF llh 1('1) I 0 
Mouse/ionizing radiation/wound/dislress/G-CSFJ(b 1(4 I 0 
Mouse/JonizinQ radiation/wound/ an alaesia/G-C SF 11 b) 4) I 0 
Mouse/1ionlzing radiation/wound/pain/G·CSFl(b)(4) I 0 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification Pain will be 
alleviated by drugs as described in V .4.1 .2.1 . 

V.4.2. Prolonged Restraint Mice will be placed in perforated acrylic plastic boxes for, 
up to two hours, but usually for less time, usually <1 h, during prompt irradiation 
procedures. Restraint of mice will be performed by the Pl , Co-investigators. or qualified 
trained technical support staff. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions One to three days before irradiation and/or wounding, 
mice will lbe anesthetized by isoflurane inhalation and then their dorsal hair willl be 
shaved with electric clippers. 

V.4.3.2. Procedure(s) No surgical procedures are planned. The infliction of wound 
trauma was described in section V.1., under general procedures. 

V.4.3.3. Post-surgical Provisions No post-surgical provisions are planned other than 
that identified in section V.1., under specific methods following irradiation and wounding. 

V.4.3.4. Location The wounding procedure will be performed in an assigned room in 
the Veterinary Sciences Department of the Armed Forces Radiobiology Research 
institute. 

V.4.3.5. Surgeon The wounding procedure will be performed by the principal 
investigator, the co-investigators, and trained technical staff of this research proposaL 
r echnlcal assistance support such as anesthesia, preparing surgical facilities and 
obtaining animals for surgery will be provided by trained technical support staff that is 
iden~i fied in section VI Study Personnel and Qualifications. 
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V.4.3.6. Multlple Major Survival Operative Procedures NA 

V.4.3.6.1. Procedures NA 

V.4.3.6.2 Scientific Justification NA 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

V.4.4.1.1. Pharmaceutical Grade Drugs 

A. Sterile sodium chloride solution for injection USP 
Sterile USP isotonic sodium chloride, 0.9%, will be given i.p., 0.5 ml, as fluid therapy 
with a 25· to 27-G sterile needle fitted to a sterile syringe after sham-operation, 
irradiation , wounding, and irradiation followed by wounding, i.e., combined injury. USP 
grade saline will be obtained from the USUHS pharmacy stock or from the WRNMMC 
hospital stock (or other suitable alternative sources for scientific supplies) . 

B. Acetaminophen solution 
Acetaminophen for injection (NDC:43825-102·01; OFIRMEV, www.ofirmev.com, or 
equivalent) will be purchased from AmerisourceBergen (or other suitable alternative 
sources se lected in consultation with a veterinarian) and given i.p. , 150 mg/kg, i.e .. 3.75 
mg/25-g mouse, in 0.5 ml sterile saline for injection, USP (Davis J.A. Mouse and Rat 
Anesthesia and Analgesia Curr. Protoc. Neurosci. 42:A.4B.1-A.4B.21. 2008, John 
Wiley & Sons, Inc.; Coen Met al. , An Integrated Metabonomic Investigation of 
Acetaminophen Toxicity in the Mouse Using NMR Spectroscopy, Chem. Res. Toxicol. 
2003, 16, 295-303). 

C. Gentamicin 
Gentamicin sulfate cream (GEN), 0.1 %, pharmaceutical grade, will be purchased from 
Moore Medical LLC", 1690 New Britain Ave, Box 4066, Farmington CT 06032-4066 (or 
other suitable alternative sources selected in consultation with a veterinarian) and will 
be applied topically daily from day 1 to day 1 o for 1 o consecutive days via a sterile swab 
No attempt will be made to quantify or measure the amount of gentamicin cream 
applied to the wound site. Rather, as in the case of human skin injuries, the site will 
receive an amount of antibiotic cream necessary to uniformly cover the area. This type 
of application is that expected to be provided to injuries of personnel involved in nuclear 
radiation disasters and has been used in burn management situations [Snelling et al., 
1978]. In previous work from our laboratory, we never observed manifestations of 
toxicity to topical applications of gentamicin. 

D. Levofloxacin 
Levofloxacin (L VX), a sterilized pharmaceutical grade drug, will be purchased from 
AmerisourceBergen, Glen Allen, Va. {or other suitable alternative sources selected in 
consultation with a veterinarian). Levofloxacin is provided as Levaquin® oral solution 
25mg/ml, Ortho-McNeil, Raritan, N.J., NDC 0045-1515-02, 480 ml, or in 20-ml vials. 
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LVX will be diluted in steriie water and provided p.o. 90°1 00 mg/kg in a 0.2 ml volurme 
once per day for 14 consecutive days (starting day 3 through day 16 after Cl) via a 20-G 
feeding needle with either silicone tip 6r stainless steel ball tip and a sterile 1-ml syringe. 
This therapy :schedule is used because once-daily administration of a high dose 
reduces irritation of the soft tissues in the mouth and pharynx induced by the sili'cone
tipped feeding needle.s. The high dose attains a high concentration in blood and tissues, 
which attains over a 24-hr period similar pharmacokinetics as achieved by a lower dose 
given q12h. 

E. Pegyllated G-CSF 
P-egylated G-CSF (Peg-G-CSF; Neulasta®L a polye1hylene glycol pharmaceutical 
formulated grade drug; also known as pegfilgrastim1 is prepared by Amgen Inc., 
Thousand oaks, CA and will be purchased from Bioscrip Pharmacy Services, Inc, 2787 
Charter St. Columbus, OH 43228 800-378-4786 customercare@drugstore.com. Peg-G
CSF will be diluted to deliver 1000 µg/kg (25 µg for a 25-g average mouse) s.c. 
injection in a volume of 0.2 ml 4 h or 24 h via 25-28 G needle fitted to a sterile syringe. 
The PEG formulation has a much longer half-life thus reducing the necessity of daily 
injections of G-CSF [Scholz et al., 2009]. 

V.4.4.1.2. Non-Pharmaceutical Grade Dru s 
(b)(4) 

b)(4) an - w1 
be tesU~d at 1 mg/kg (25 µg for a 25-g average mouse}, in 0.2 ml s.c, 4h or 24h as 
specified in .experimental design before, after, or combined with Pegylated G:CSF. 

l(b)(4) IThe selected vehicle will be 
the phosphet·e-buffered saline (Life Technologies, Inc ). Needle size for s.c. injiection is 
25-26G.l(b)(4) lwill be prepared with the phosphate-buffered saline and tested 
for the levels of endotoxirns. 

V.4.4.2. Biosamples Following anesthesia and/or euthanasia, tissues inclluding blood, 
lung, liver, kidney, heart, brain, bone marrow and ileum will be collected. Whole antl
coagulated blood (EDTA) will be used for hematological analysis (comple1e blood count) 
or serum will be separated from the clotted blood cells , Ileum, lung, and serum will be 
evaluated in vitro by biochemical assays and immunoblotting analysis. Ileum and lung 
will also be examined for histopathological changes. Other tissues will be frozen at = 
80"C for future evaluation. 

v .4.4.3. Adjuvants NA 

V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V.4.4.5. A1ni1mal Identification Cage cards will be used in general. Marks on tails with 
marking pens will be used to identify individual anf ma ls in a cage if needed. The 
investigative .staff will perform ear tagging with ear skin disinfected with 70°/o isopropyl 
rubbing alcohol, if individual identification is needed for periods greater than 3-4 days. 
No anesthesia will be use1d. 
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V.4.4.6. Behavioral Studies NA 

V.4.4.7. Other Procedures Food and water consumption and body weights will be 
measured as a means of discerning the efficacy of therapy for RI and Cl as compared 
to control-treated animals. Furthermore, we will measure wound closure and compare 
that endpoint to control-treated animals as another means to determine the efficacy of 
therapy based upon the fact that therapies may result in improved hematopoietic 
recovery that in turn enhance wound closure. These four variables will be determined 
on the same selected cage sets of mice at periodic intervals over the 30-day 
experiments. No aversive stimuli will be provided to the animals in order to elicit 
behavioral or physiologic changes other than RI and Cl. 

V.4.4.8. Tissue Sharing All tissues of the animals used in these investigations are 
appropriate for tissue sharing. Tissues for histopathologic analyses may also be 
provided to the AFRRI Veterinary Pathologist to obtain diagnoses to detect reasons for 
survival improvement (over controls) or lack of survival improvement (over controls). 

V.4.4.9. Animal By-Products NA 

V.4.5. Study Endpoint Animals in these studies may become morbid and moribund 
and hence it is critical to define criteria for euthanizing mice humanely without 
compromising the study objective. Mice will be considered morbid when they display 
mild dyspnea, kyphosis with ruffled hair, dried lacrimal fluid accumulated in the cul-de
sac of their eyes, are cool to the touch, show inappetance or diarrhea (i.e., score of 6-10 
on Rodent Intervention Score Sheet, Table 1 in appendix, a modification of IACUC 
Policy #10). Experimental mice that are found morbid, but not moribund, will be 
allowed to continue in the experimental protocol in order to obtain an optimal number of 
specimens for evaluation of specimens at each time point, particularly to evaluate 
wound healing rate, namely to determine whether morbid mice are still likely to respond 
to the therapy. Once mice are considered morbid, the Pl or other members of the 
investigative team will monitor these morbid mice at least twice daily, early morning and 
late afternoon. When morbid mice become moribund, the investigative team members 
will monitor those mice more frequently at two- to four-hour intervals. 

Those animals found moribund with scores greater than 1 O will be euthanized with 
C02. Animals will be considered moribund when, in addition to showing some or all of 
the signs of morbidity, they show severe dyspnea plus either an inability to remain 
upright or an inability to move when stimulated. VSD veterinarians will be consulted if 
questions should arise regarding difficult, labored breathing (dyspnea), lethargy, and 
anorexia or inanitlon. If any single category is above 12 (e.g., the mouse cannot stand 
or breathe normally, right itself within 5 seconds when placed gently on its side, or 
respond when the rear foot pads are pinched gently), the mouse will be euthanized. 

For those experiments in which blood and tissues will be removed for assays in vitro, 
the anesthetized mice will be euthanized by cervical dislocation, immediately after 
drawing blood, without inhalation of C02 because use of this procedure is to avoid 
possible adverse effects of inhaled C02, i.e., particularly low pH of tissues following 
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asphyxiation, on the bacteria (low pH kills bacteria) or on metabolism and function of 
cells and peptides that are to be assayed. These animals will be scored as dead at the 
time of removal and will be recorded as euthanized in the medical record. Pl, co
investigators, or other trained staff, and/or trained veterinary personnel will perform 
euthanasia. 

V.4.6. Euthanasia For blood collection for analyses of blood cell composition, cytokine 
concentrations, and other biomolecular assays, mice will be anesthetized with isoflurane 
at specified time points, blood will be collected while under continuous anesthesia (i.e., 
isoflurane through a nose cone). Then, the mice under isoflurane inhalation will be 
euthanized by cervical dislocation and terminal tissue specimens will be collected. 
When mice are found moribund and euthanized as described above under Study 
Endpoint, blood and tissues will be collected from the individual mice. 

Mice, which are found moribund and are not suitable for collection of specimens to be 
used for further analysis, will be euthanized by C02 inhalation and cervical dislocation, 
as described by VSD's SOP for euthanasia, by investigators or technicians. Animals, 
which have successfully survived the experimental procedures, including drug treatment 
and irradiation, will be euthanized by terminal inhalation of C02 and cervical dislocation. 
Briefly, the method of euthanasia for animals surviving the experimental procedures will 
be exposure to a regulated flow of C02 from a compressed gas cylinder in accordance 
with the current AVMA Guidelines on Euthanasia (only personnel trained and deemed 
proficient by the Attending Veterinarian are approved to perform this procedure) and a 
secondary confirmatory method (e.g., cervical dislocation or induced pneumothorax). 

We follow the guide in the IACUC policy, a Rodent Intervention Score Sheet (Table 1, 
Appendix 1 ), to track morbidity and moribund state in injured groups of mice. Mice that 
have scores greater than 10 will be considered to be moribund. Mice will be euthanized 
promptly, If any single category is above 12 (i.e., the mouse cannot stand or breathe 
normally, right itself within 5 seconds when placed gently on its side, or respond when 
the rear foot pads are pinched gently). These morbid signs usually appear much earlier 
than body-weight loss of more than 20% original body weight. If there are no other signs 
apparent and the body-weight loss is the only indication, then mice with body-weight 
loss more than 20% will be euthanized immediately. These mice will be monitored very 
closely for their appearance, general behavior, respiratory rate, and provoked behavior 
prior to making a determination of euthanasia. Weights, which are measured prior to 
irradiation or within 6 h after irradiation, will be used as a baseline reference. Mice will 
be monitored at least twice a day (i.e., early in the morning and then again in the late 
afternoon) during the actual experiment. When mice appear to be morbid, they will be 
monitored at least three times a day (i.e., check the animals between 6:00-8:00 a.m., 
11 :OOa.m. -1 :00 p.m., and 4:00-6:00 p.m. If, during any of the checks, it is suspected 
that the animals may succumb before the next observation period, the animals should 
either be checked again before the next scheduled observation period or be euthanized 
immediately. 
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V.5. Veterinary Care 

V.5.1. Husbandry Considerations Except as noted below, all mice will be group
housed in Micro-isolator cages in the vivarium in cages of 4 or 8 mice each in 
accordance with the Guide for the Care and Use of Laboratory Animals and the current 
v,eterinary Sciences Department standard operating procedure. The animals will be 
maintained on a 12-h light-dark cycle and fed rodent chow ad fibitum. Mice will have 
fN~e access to acidified water via bottles and sipper tubes. Nestlet pads will be provided! 
in each cage during bedding changes. Following irradiation and skin wounding, cages 
holding similarly treated mice will be placed on shelves in a vertical arrangement lo 
allow similar exposures to environmental factors to all rnlce in each treatment within the 
experimental protocol. Mice will be housed for approximately 30 days during tlhe course 
of survival experiments or for specified durations during the course of mechanistic 
experiments. 

V .5.1.1. Study Rooml(b )(6) Ftoom Number(s} as assigned by VSD 

V.5.1.2. Special Husbandry Provisions Following irradiation and skin wounding, 
animals wi ll be housed in cages titted with Micro-isolator tops at Animal blosatery Level 
One (ASBL:1) within an assigned room of VSD. Gentle movement of injured animals via 
the tail {taking great care not to disturb the wound site) for purpose of' changing the 
wood-chip bedding is required to insure that the injury site is not disturbed, Cages will 
be arranged in a specific vertical order to account for variation in environmental factors 
within experimental groups in the room as noted under "Husbandry Considerations'' 
above. 

V .5.1.3. Exceptions Mice are colonial creatures and thus wil I be group-housed with 
regard to housing requirements after experimental manipulation. However, during 
survival! studies, as con-specifics within the cage die or are used for experimental 
purposes; there will be a period of time when an animal could be singly housed. When 
this occurs, singly housed animals will be able to view con-specifics in neighboring 
cages housed on the same rack in the same room. 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care Doses of ionizing radiation delivered in this 
study are expected to result in some illness or debiMation. Because of this, occasional 
animals may succumb after irradiation without revealing overt signs of stress. On the 
other hand, the radiation doses used in conjunction wifh skin wound trauma may result 
in significant illness, debilitation and death. To monitor these general events, VSD 
personnel will observe the animals twice daily during general rounds for general health, 
husbandry conditions, and humane treatment. In addition, the investigative staff will 
monitor animals at least two times a day, early morning and late afternoon. Supportive 
care, other than the use of a one-time i.p. injection of 0.5 ml sterile isotonic saline aUer 
irradiation and wounding and the use of topical application of gentamicrn, oral 
administration of levofloxacin, and treatments with peg=G~CSF an~(b)(4) I will 
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not be provided. Animals found moribund wlll be euthanized (See Painful Procedure 
Ju stlf ica~ion). 

V.5 .. 2.2. emergency Veterinary Medical care Emergency veterinary medical care will 
be availalbie from VSD veteirlnarians and technicians 24 hours daily to provide 
emergency veterinary medical care as necessary. 

V.5.3. Environmenta1l Enrichment 

V.5.3.1. Enrichment Strategy Sterilized nestlet squares will be placed in the cages of 
experimental mice, The squares must be changed when cages and bedditilg are 
refreshed. Experimental mice will be housed in groups of 2-4 in polycarbonate cages. 
The cages allow viewing of con-specifics in neighboring cage environments. Husbandry 
provisions by all VSD staff monitoring activities throughout the day by veterinary 
personnel, and research staff provide an environment of enrichment 

V.5.3.2. Enrichment Restrictions Only sterilized nestlet squares are requested. The 
squares do not adhere to the wound site and provide a modicum ot heat insuilation 
when mice huddle together in their cage environment. The nestlets must be changed 
when cages and bedding are refreshed. Sterilized acrylic devices will not be used as 
enrichment devices because removing animals from under these microenvironments 
adds temporary stress and interferes with the applications of treatment agents to the 
mice. Further, previous research has not employed acrylic enrichment devices; uise ini 
this protocol could add anott1er variable in the behavior of the animals and affect the 
outcome of the experiment. 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 
YRS/MOS 

NAME DEGREE TRAINING DATE PROCEDURES ElCPERIENCE 
(b )(6) 1,2,3(all),4,5(aseptic}, (b)(6) 

7 Irradiation , tail vein, 
anesthesia, oral 
feedino 
i , 3a-c, 4, 5(aseptic), 
7 oral feeding . 
irradiation 

1,3a"c,5(aseptlc), 
7anesthesia, 
irradiation 
1.3a-bAa.5(aseptic} 

1, 3a, 4a, 5, 7orai 
feeding, tail vein, 
irradiation 
1,3b,3c,3d,4a,5,7oral 
feeding, irradiation 

Procedl.ire and manipulation cOd~s: 
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Ctide , .. Animal handling a1XJ euthanasia 
Code 2,. Surgery (a$eptic let hrtique) pre- ahd posl-opetative caie 
Code 3* Injections (3a-ip. 3i>·sc. 3c·(!avago} • can say 3 if trainM in all man~pulatiOfls or add 3d·iv 
Code 4= BIOOd eollectiOl'I uMer anesthesia (4a-can:tiao. 4b·postenor veria ca:va) 
Code 5= i issue collection (aiter euthanasia) ~doesn't need to be specific 
Code 6 = Implantation (provide details/ 
Gode 7 =Others - ·(provide protocol specific manipulations or pfocedures for e.g., retro-orbital bleeding, tail vein injectjon, o f d~ug 
delivery) 

VII. BIOHAZARDS!SAFETY An AFRRI Safety and Health Department Protocol 
Hazard Analysis (AFRRI Form 210b) was submitted and approved by the University 
Safety Officer. We will meet or exceed ASBL-1 procedures to assure that we keep 
experimental animals separate from the general colony (Chosewood and Wilson 2009). 
Gaseous anesthetics, including methoxyflurane and isoflurane, will be used under 
appropriate recovery devices. All the personnel have been trained either as radiation 
users or as general radiation users annually, All investigators and techniciarns wlhile in 
the vivarium will use appropriate procedures and personal protective equ1ipment as 
described by Vet·erinary Sciences Department. This will include wearing of gown, mask, 
eye 1glasses, and gloves during manipulations and observations of mice.. All 
investigators and technicians maintain current standards in safety training and medical 
surveillance. 
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Appendix 1. 

Table 1. Rodent Intervention Score Sheet. 

Rodent Intervention Score Sheet 

PARAMETER DESCRIPTION SCORE 

Normal (coats smooth, eyes/nose clear) 0 
Appearance 

Reduced grooming OR minor hunching 1 
Ocular/nasal discharge AND/OR rough coat and hunching OR 

3 facial edema 
Emaciated, dehydrated, OR soft stools (fecal matter around anus) 5* 

Presence of bloody diarrhea 9 

General Normal 0 
behavior Minor changes - writhe or grimace, slightly less active than 

1 
baseline 
Moderately less mobile and alert 2 

Ataxia, wobbly, appearing weak 6* 
Unable to stand 12 

Normal breathing 0 
Respiratory Increased (doubled) breathing rate, rapid or shallow 6 
Rate Abdominal breathing (gasping+/- open mouth breathing) 12 

Provoked Normal 0 
behavior Subdued or weak, but moves away when stimulated 1 

Subdued even when stimulated (moves away slowly). 3 

Unresponsive when stimulated, weak, pre-comatose 6* 

Does not right when placed gently on side within 5 seconds, or no 
12 response when pinch the paws 

•Notify VSD immediately - may need to euthanize 

<6- Normal 

6-9 - Morbid, some pain/distress, monitor at least three times a day. 
>10 - Moribund. Either euthanize or notify VSD. If any single category is at 12, euthanize 
animal immediately. 

Notes: 8602F1 mice found to have lost greater than 20% of their body weight (relative to weigh1 a1 start 
of experiment) will be brough1 to the a1tention of VSD staff. Those mice that lose more than 20% of initial 
body weight will be euthanized and scored as deceased. 
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X. ASSU 1RANCES 

Protocol intle: In vivo combined therapy for ionizing radiation followed by wound 
trauma in the laboratory mouse (Mus musculus} 

As the Principal Investigator on this protocol, I acknowledge my responsibilities aM provide 
assuraMes for the following: 

A. Animal U'se: The animals authorized for use in this protocol will be used only in the activities and 
in the man11er described hereiri, unless a modification is specifically approved by the IACUC prior t<l its 
implementation. 

B. Duplication of E.ffort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experi111ents. 

C. Statistieal Assutance: I assure that I have consulted with a qualified individ~al who evaluated 
tne experimental design with respect to the statistical analysis, and that the rnirHrnum number of animals 
needed for scientific validity wm be used. 

D. Bionazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radia1ion pro1ection. biosafety, recombinant issues, and so 
f,orth, In the preparation of this protocol. 

E. Training: I verify that the i:>ersonnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure ·that no unnecessary pain or distress will be caused to the animals as a result o1 the procedures I 
manipulations. 

F. Responsibility: l acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance ol this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well,being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of the fourth "A", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Sc·ientmc Re\liew: This proposed animal use protocol has received appropriate peer scientific 
review and Is c;;onsi.stent with good scientific;; research practice, 

H. Painful Procedure(s): <CAW I AM NOT conduc!lng blomedical e><periments, which may 
potelltial.ly cau~re lhari momentary _or sligh_t pain or distress to a~imals, If a~plicable, potentl~I. pain 
and/or d1s~res~W!l.Jl I Will NOT be relieved w11h the use of anesthetics, analgesics and/or tranqu1hzers, 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

l<b )(6) I 
mod 01/24/2014 

Principal !investigator (Printed Name) Principal Investigator (Signature) (Date) 
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Date 

VU. AT~EtjJllt.J~_JlEIERlt~tA_BIAN: In accordance with Animal Welfare Regulations. the Attending 
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...._ _________ lovM,LTC,VClUSA 
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..-..~_ ........ ...._ ____ _. Fa:x:l16H6! I 

Date 

VIII. SAFETY OFFICER: This animal use ptotocol received apprOp(iate review for safety and 
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pll6) Date 

IX. IACUC AIPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
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PROT10COL T11TLE: Biomarker and efficacy studies ot._l(b_><
4
_> _ _.lin Rhesus macaques 

(Ma ca ca mulatf a) 

PRINCIPAL INVESTIGATOR: 

r )IB) I Ph.D Date 
(0)(6) I 

CO·INVESTIGATOR(S): NIA 

AFRR'I SCIENTIFIC RESEARCH PROTOCOL. NUMBERJ._<bl_<6_
1 
___ _, 

I. NON· TECHNICAL SYNOPSIS: The threat of a limited radiological attack on 
American cities (i.e. a "dirty" bomb), or a nuclear accident, requires the devel.opment of 
a radiation countermeasure capable of protecting the gastrointestinal (GI) tract of 
mili~ary personnel, who might have to enter a contaminated area, or capable of 
mitigating GI lethality in the general population. At present there is no effectrve 
V'~atmeot fntlhe acute radiation GI syndromeJ(t>l<4> 1nrf I promotes recovery ofr .... a_d-ia-t-io_n_d_a_m_a_g_ed_c_e_lls-b-. -st-im_u_l-at-in-· _ __, 
DNA r~ _alr_and_c_eJLs_urvlvaL _athwa __ s~Stu_dlas_c_onciu_cJ~tcLaJ AFAR.I (bX4> 

--~-----------------------------' 
both 

as a protector and a mltigator of ARS in m e models. Clinical studies in hUJmans 
support an excellent s~~ty QmfiJe of (bl(4l In the current protocol the main focus is 
to optimize the dose offl4> ko mitigate the effects of radiation by monitoring1 the 
biomarkers, and to conduct efficacy studies in nonhuman primates. For efficacy study, 
drug will be tested by administering it through subcutaneous and oral routes. 

II, BACKGROUND 

IL1. Backgr•OUnd; 

Military a1nd civil defense organizations have an urgent requirement for medically 
effective radiation countermeasures, including radiation protectors, mitigators and 
therapeutics. Radiation countermeasures that mitigate the harmful effects and promote 
recovery from radiation injury will have stringent requirements in terms of 11ack of toxicity, 
ease-of-use for administration, storage at environmental temperatures, suited for 
administration by non-medical personnel, and capability of enhancing survival in the 
absence ·Of ancillary medical support. Although such efforts were initiated more than half 
a century ago, no safe and effective radiation countermeasure has bejn 7ppro1ed by 
the Unilted States Food and Drug Adminis1ration (FDA) for ARS (1, 14, (bl( l 

Scientists at 0l<4
l the Armed Forces Radiobiology Research 

Institute AFRRI l 4 and 
have conducted extensive studies to ...._ ____ __,, _____________ __. 

demonstrate radiation protecting and mitigating effects of injectable (subcutaneous, sc) 
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and oral (po)(<6x4
> I Safety and tolerability otl(b)(a) lhave been 

established ln GLP-compliant nonclinical studies and in 4 clinical s_aJeJ _trials in healthy 
adults. These results are published in peer·reviewe · r Is < 1 > and 
included in 2 active U.S. FDA IND exemptions CbX5

> < 

mitigates deleterious radiation effects by enhancing DNA damage repair pathways, 
rather than intervening in the free=radical cascade. Thus, its window of effectiveness is 
relatively long, extending from a day before to a day or more after exposure to radiation. 

Preliminary studies on biomarker analysis in mouse tissue specimens using 
Nano-immunoassay: A novel analytical method termed, Nanoscale Immune Assay 

A B 
• Un lrr,1dl.ltNh d1 L1~/ tm-lrr.ldl.~rN1 

• lrr.1dl<H<'d + {frug/ 11r .1111 •• 1 ml 

lO 

i~soo 

3 phOlpM 4.IC.T2 a.<> 

ci: i.t~O 
~~, . i fiJ 

!' 
phoSpho~KTI -6 Cl 

~kC ~ V' 

5CO u h°'!*>AKi2 

' 10 

0 .to 
5.1 ~.3 ~.6 u 6.2 u nc> 11 .,, tl 11 o •\ol•tt "" 1lf1M1,hn tl.IK rl ,, ..... (' 

AIHl 

Figure I. NIA analysis of AKT levels in mouse bone hlatro,,. +/~16)(4) ~dministration. A} NIA 
reveals three phosphorylate{! peaks of AKT2 in mouse bone. marrow (control); B)l(b)(a) ltremment in 1•/iio 
induces similar AKT profiles in bone marrow from un-irradi<Jted .ind irradiated mice t AKT2 profiles, 
c01relation = 0.941 
(NIA) is capable of rapidly and reproducibly quantifying proteins and their 
phosphorylali~@ Y,~s in very small nonclinical and cljoical soecimenrs and has been 
developed by 0 <4 .< 5 I NIA assays ~ave been 
validated to measure proteins that mediate cell survival , pro liferation, cell cycle and 
apoptotic pathways. Preliminary studies were conducted in mice dosed orally with either 
vehicle or drug with or without radiation. After 24 h post-irradiation administration of 
drug, mice were sacrificed, bone marrow (BM) was removed and the cell lysates were 
analyzed by NIA. The data in figure 1 A show that the unphosphorylated AKT and the 
various forms of phosphorylated AKT (A, B and C) were successfully resolved and 
quantified by NIA. The data in fiaure 1 B confirms the up-regulation of Akt~ in BM 
samples from mice treated wittfbi<•> lwith or without radiation. Simultaneously, there 
is a corresponding down regulation in unphosphorylated AKT. Importantly, correlation in 
fold ctiange from baseline in AKT2 isoforms between "un-irradiated plus drug" and 
"irradiated plus drug" was 0.94. This innate effect of drug on the unphosphorylated 
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levels of AKT and p-AKT, in presence or absence of radiation, could be used to 
correlate the efficacy of drug in pivotal mouse and NHP studies in therapeutic settings. 
fhese prel iminary studies demonstrate the potential value of p-AKT2 as a biomarker to 
follow the drug effect in the absence of radiation during pivotal safety studies in healthy 
human volunteers. 

Understanding changes in signaling and correlating these changes with the 
mechanism of action provides a path to meeting the challenges of drug approval under: 
the Animal Rule. Results herein provide a promising avenue towards this goal. 
Additional studies ana confirmation under different scenarios, along with validation 
which is a part of this proposal, may permit correlation of an informative biomarker with 
expected efficacy parameters. 

11.2. Literature Search for Duplication 

11.2, 1 _ literature Sources Searched 

Best effort has been made to find any possibility for duplication. The following 
data bases have been searched : 

a. PubMed 
b. BRO - DOD Biomedical Research Database 
c. FEDRIP 

11.2.2. Date of Search 

PubMed - 11 n/13 
BRD - DOD Biomedical Research Database - 11/6/13 
FEDRIP - 11 /6/13 

11.2.3. Period of Search 

PubMed - 1965-2013 
BRO - 1998-2013 
IFEDRIP- 1992-2013 

11.2.4. Key Words of Search 

1 < and radiation, 
2 and Primates, 
3 and primates and radiation, 
4 and biomarker(s}, 
5 and pancytopenia, 
6 and pancytopenia and radiation, 
7 and pancytopenia, 
8 pancytopenia and radiation and primates, 
9 nd bone marrow, 
1 O lbl<4 and radiation and efficacy, 
11 T ween-80 and primate, 
12. Tween-80 and NHP and radiationll.2.5. Ftesults of Search 

Pub Med 
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Search string 1: We found 9 references, none of which addressed the questions to be 
tested in this protocol. 
Search string 2: We found 0 references 
Search sting 3: We found 0 references 
Search string 4: We found 0 references. 
Search string 5: We found 1 reference which does not address the questions to be 
tested in this protocol. 
Search string 6: We found 1 reference which does not address the questions to be 
tested in this protocol. 
Search string 7: We found 1 reference which does not address the questions to be 
tested in this protocol. 
Search string 8: We found 0 references. 
Search string 9: We found 1 reference which does not address the questions to be 
tested in this protocol. 
Search string 1 O: We found 2 references none of which addressed the questions to be 
tested in this protocol. 
Search string 11: We found 1,404 references none of which addressed the questions to 
be tested in this protocol. 
Search string 12: We found O references. 

BRO 
Search string 1: We found 11 references, none of which addressed the questions to be 
tested in this protocol. 
Search string 2: We found 5 references none of which addressed the questions to be 
tested in this protocol. 
Search sting 3: We found 5 references none of which addressed the questions to be 
tested in this protocol. 
Search string 4: We found 0 references. 
Search string 5: We found 0 references. 
Search string 6: We found 0 references. 
Search string 7: We found 0 references 
Search string 8: We found O references. 
Search string 9: We found 3 references none of which addressed the questions to be 
tested in this protocol. 
Search string 10: We found 3 references none of which addressed the questions to be 
tested in this protocol. 
Search string 11: We found 0 references. 
Search string 12: We found O references. 

FED RIP 

Search string 1: We found 0 references 
Search string 2: We found O references 
Search sting 3: We found 0 references 
Search string 4: We found 0 references. 
Search string 5: We found O references 
Search string 6: We found 0 references 
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Search string 7: We found 0 references 
Search string 8: We found O references. 
Search string 9: We found 0 references 
Search string 1 O: We found 0 references 
Search string 11 : We found O references 
Search string 12: We found O references. 

There are no references of using-l(b-xt-) --~or its efficacy against radiation injury 
in NHPs. Initial studies investigating the efficacy and mechanism otl(b)1A1 lhave been 
conducted in mice and in-vitro models. Efficacy studies with radiation doses ranging 
frorn 5 - 15 Gy have been conducted. Results demonstrate that mice administered with 
drug (sc or po and exposed to lethal radiation had significant survivors. These studies 
suggest that is a promising radiation countermeasure and warrants continued 
development Overall, the search did not reveal any dupl ic~ the 
proposed study will provide valuable information about the development o~as a 
radiation countermeasure. 

Ill. IQBJ ECTIVE/HYPOTHESIS: 

Ihe objective of this protocol is to advance the pre-cl inical development otl1b>(4l 
~fbm)t4""'") -.las radioprotector (and radiomiti ator of the acute radiation syndrome. Here, we 
propose to 1) Optimize the dose of lb>~ to protecVmitigate the effects of radiation by 
monitoring the biomarkers in BM and peripheral blood mononuclear cells (PBMC) in 
NHPs. Preliminary studi~s in a mouse model have identified p-Akt2 as a potential 
biomarker for efficacy otfbX4

> las its level is upregulated both in the presence and 
absence of radiation in a mouse .. We are proposing to validate this marker by analyzing 
BM and blood samples from NHPs durin efficacy studies; 2) Proof of concept study of 
subcutaneously (sc) administered (b><4J as a protector/mitigator of hematopoietic 
ARS in NHPs using survival and h~ietic rescue as end points; and 3) Confirm 
the efficacy of orally administered~in NHPs using survival and hematopoietic 
recove~y as end points. TbQse st~?ies will f?rm the foundation for future pivotal studies 
to confirm the efficacy o~<b)(4) J 1n two arumal models and safety 1n humans towards 
licensure frorn the FDA. 

IV. MILITARY RELEVANCE 

Currently, there are no FDA approved pharmaceutical agents that can prevent or 
treat injury from external ionizing radiation. The problem has become more acute in 
recent times due to the unpredictable nature of terrorist attacks. Recognizing this urgent 
need . the U.S. Department of Defense has assigned top priority to the "development of 
medical countermeasures to radiation exposure'' against both early and late adsing 
health effects. These concerns imply the urgent need to develop an appropriate 
countermeasure for radiation injuries potentially sustained by war fighters during combat 
operations and enable commanders to make judicious decisions in troop deployment. 
There are several drugs at different stages of the developmen~- · - y will perform 
essential research and development of a promising new agen as a therapy 
for potential injuries sustained by military personnel who have een acc1aentalfy 
exposed to ionizing radiation. 
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V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

We propose to do the following experiments to utilize biomarkers torfrb>(•) Ito 
f~Ptf m~~ dose of this drug an? to evaluate _i~s efficacy in sub~e_quenl experiments ..... fb> ..... <

4>----1 
111 be evaluated as rad1oproteetor/m1t1gator when administered through so and po 

routes. Details of subsequent experiments will be based on results obtained in previous 
experiment. 

V.1.1. Experiment 1. Optimize the dose of(lb)(4) ho mitigate the effects of 
radiation by monitoring the biomarkers in BM and PBMC in NHP model. 

In Lhe present protocol, we plan to optimize the dose oi16H4l ~dmlniistration 
by analyzing the biomarkers iri BM and PBMC. The main objectives of this experiment 
is to demonstrate drug dose-response by evaluating biomarkers in BM and PBMC. BM 
and PBMC will be collected from NHPs to analyze the p-Akt2 levels using Western-biot 
in-house and Nanosc_alelmmlJfil>_Assay (NIA) methoe,4(6)(6) I 

(bl( > The following specific study will be undertaken: 

Two different doses of 15 and 30 mg/kg body weight) will be 
administered to two NHPs in each group. A model based on allometric scaling was. ouilt, 
using the PK parameters in various animal species, to predict the expected 
concentration-time profile in humans. The results indicate that the predicted clearance 
of the drug matches very well with the clearance of drug observed in the clinical trial. 
Allometric data allows prediction of a starting dose in NHP efficacy studies and pivotal 
human safety trials. 

:c 
:::i 

f! 
~ 
~ ·2 ·1 .5 Q. 
OI 
0 .... 

Allometric Scaling of._l(l>_Jl4_i __ __. 

1.5 

0.5 

-0.5 

·1 

-1.5 

y = 0.6676x - 0.0122 

R2 = 0.9899 

0.5 

Log (Body Weight • Kg) 

1.5 

Human 

2 2.5 

Figure 2. Allometric model and data tod(6X4
> plearance rates across animal species 

and humans. Methodology used to relate pharmacodynamic dose requirement to 
pharmacokinetic parameter. 
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lnitial1yJ(b)l4> lwill be administered (sc) to NHPs followed by collection of BM 
(2.0 ml) at 24 and 48 h attef drug injection and blood (2 ml) (for PBMC) at i 2, 24 and 36 
h post drug administration. BM (2 ml) and blood (2 ml) collected prior to drug 
administration {·8 d) will serve as baseline control. If these two doses of drug do not 
provide dose response in biomarker analysis. same animals will be used after 30 d 
wash-out period with two additional doses ofl(b)(4} l(above or below the dmg dose 
used in the initial experiment depending on the results of biomarkers}. Biomarker 
idenmioation and validation are important objectives of this protocol. To accomplish th1is 
we need frequent BM and blood samplings close to drug administration and radiation 
exposure. Further, several putative biomarkers will be evaluated by two different 
techniques (gel electrophoresis/immunoblotting and NIA) for which we wil l (equire 
significant quantity of all samples collected, 

fable 1. Sample collection for biomarker studies - sc drug administration 

fOl\41 ldose Time of BM Blood Total volume 
mg/kg blood/BM 

collection 

·8 d 2ml 2ml 4ml 

15 or 30 mg/kg Oh 

+12 h 2ml 2 ml 

+24 h 2ml 2ml 4ml 
-

~36 h 2ml 2 ml 

+48 h 2 ml 2 ml 
-- ~- - - -- ~ ... . - -- - - - - -- . - - . - - --- --Summary of sample volume.·8 d = 4 ml, one week rest, 0 to 2 Cl "' 1 D ml. There wtl l M 3 wk rest before lurtner use• of' 

these animals. This will also allow one month wash-out period between drug admiriistt'ations lor two experi•ments to 
same animals, 

If both sides are needed for a single BM collection attempt, an attempt on that 
side/site will not be attempted again for 1 week. There wi ll be one week recovery period 
between pretteatment and post-treatment samplings. This Will be applicable to all 
experiments involving BM collection mentioned below. 

fable 2. Sample collection for biomarker studies· sc drug administration 2nd dose set 

l(b)(4) ldose Time o f BM Blood Total volume 
mg/kg blood/BM 

collection 

·8 d 2ml 2 ml 4ml 

Based on Od 
results 1of above 
experiments 

+12 h 2ml 2ml 
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+24 h 2ml 2ml 4ml 

+36 h 2ml 2ml 

+48 h 2ml 2ml 

Summary of sample volume:·8 d ; 4 ml, one week rest, Oto 2 d; 1 D ml. There will be 3 wk rest before further use ot 
these animals. This will also allow one month wash-out period between drug administrations for two exper~ments to 
same animals. 

Animals from above studies will be reused for biomarker studies with oral drug 
administration (15 and 30 mg/Kg body weight). Experimental details will be as above 
eimept drug administration will be po. BM samples will be collected at -8 d, and 24{ and 
48 h after 'drug administration. Blood samples for biomarker analysis will be collected at 
-8 d, 12, 24 and 36 h post last dose of drug administration. 

Table 3. Sample collection for biomarker study - oral drug administration 

ll0)(4) ldose Time of BM Blood Total volume 
mg/kg blood/BM 

collection 

-8 d 2 ml 2ml 4ml 

Based on Od 
results of above 
experiments 

+1211 2ml 2ml 

+24 h 2 ml 2ml 4ml 

+36 h 2 ml 2ml 

4'48 h 2 ml 2ml 

Summary of sample volume;·B d = 4 ml, one week resL o to 2 d = 10 ml. There will be 3 wk rest before further use ol 
these animals, This will also allow one monih wash-out period between drug administraiions for two experiments to 
same animals. 

These. animals will be use~ again afterl~~fh-ou{ ~eriod of ~O _d for study u1sing 
drug and rad1at1on exposure. Optimal dose of b will be administered by sc route 
at -24 h, -12 h prior to and +4 h to two irradiated animals. Remaining two NHPs will 
serve as control (receive radiation exposure but no drug). Animals will be exposed to 
total body radiation (radiation dose LDso1so (6.5 Gy), dose rate 0.6 Gy/min). BM samples 
(2.0 ml) will lbe collected at 24 and 48 h after radiation e.xposure and PBMC will be 
collected at 12, 24 and 36 h post~irradiation. Again, BM and PBMC collected prior to 
start of the study (-8 d) before radiation exposure will be used as the baseline control. 
Drug dos«:~ for efficacy studies (expt 2 and 3) will be decided based on the re.suits from 
above biomarker studies. 

~ 4, Sample collection for biomarker study in irrsdiated animals treated wi1trl_<0J_<
4

_J _. 

~(sc) 

10 of 30 



j(OJl4J ldose Time of BM Blood Total volume 
mg/kg blood/BM 

collection 
0 8 d 2 ml 2rnl 4ml 

0 h ~ 6.5 Gy 
Radiation 

Based on -24 h 
results 'Of above -12 h 
experiments 

+4 h 

+12 h 2ml 2m1 

+24 h 2 ml 2ml 4ml 

+36 h 2ml 2ml 

+48 h 2 ml 2ml 

Total - 8 d = 4 ml 

0 to 2 d = 10 ml 
Summary of sample volume:·8 d = 4 ml, one week rest, Oto 2 d = 10 ml. 

f he objective of this experiment is to demonstrate that biomarker levels are affected in 
the same manner by the drug administration both in the presence and absence of 
radiation. Animals will be euthanized at the end of the experiment (i.e. immediately after 
last sample collection - 48 h after irradiation). Tissue samples will be collected for 
histopathology. 

V.1.2. Experiment 2. Evaluation of the efficacy O·f sc administeredllbl<4l hrn 
nonhuman primates using biomarker-guided optimal dosing regimen 

This will be a proof~of-concept study in NHPs evaluating the efficacy of optimal 
dose ofl16)<4J !administered by sc routefollowi~wn lethal irradiation dose (i.e. 

the L?s~so (6~5. ~y), To ~~-termine_ the_ efficacy of~?Y s~ r~ute for _survl~~VOI 
NHPsi two groups of 4 animals will be used. One will receive o . t1mal dose ofl I 
and <Other will serve as vehicle control. Optimal dose of <ox4

> will be administered by 
sc route at -24 h, -12 h and +4 h prior to and after radiation exposure. NHPs will be 
exposed to LDso1Go TBI, following sc administration of at ~24 h andl -12 h prior to 
radiation exposure. One more optimal dose of <0 4

> will be administered 4 h after 
exposure to radiation. 

Blood samples collected on -8 d, + "12 h, +24 h and +48 h will be used for 
collecting IPBMC for analysis of biomarkers by Western blot and NIA methods. Animals 
will be monitored for survival for 60 d. The drug efficacy will also be assessed by 
peripheral blood cell counts (see table 5 for time points). Blood biochemistry and serum 
citrulline willl be also evaluated at various time points after irradiation (table 5). In 
addi~ion, secondary end points, including 1) significant reduction in the incide.nce of 
infection, as manifested by febrile neutropenia, 2) the incidence, severity, and duration 
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of severe neutropenia (absolute neutrophil count [ANC] < 500/mm3) following radiation, 
will be determined. 

Blood pressure, pulse and temperature will be recorded before injection. 24 h 
after irradiation and every time sample is collected. Body weight will be measured 
before injection and weekly afterwards. 

Table 5: Blood and BM collection schedule for experiment 2. 

l:llood 

l!ti!!4l !dos& Time of l>loOd 
Total - ~ blood/BM, 

mglkg draw CBC ml 
0.5 Biomarl<er 61ocilemlstry Bacteremla Cllrulllne 

ml 
2.0ml 0.5ml 0.5ml 0.5 ml 

·8 d + + + + + 6.0 
1mv4\ I 

(b)(4) tvehicle 
Optimum dose oral admn. 

based on day-24 h, -
biomarker study 12 h. and +4 

h 

Radiation Day O 2.0 
exposure 6.5 Gy ... 12 h + 

Day 1 (24 h) + + 2.5 
-36 h + 2.0 
Day2 + + 2.5 
Day4 + + 1.0 
Day6 + 0.5 
Day8 + 0.5 

Day 10 + + + 1.5 
Day 12 + 0.5 
Day 14 + 0.5 
Day 16 + 0.5 -

Day 18 + 0.5 
Day 20 + + 1.0 
Day 22 + 0.5 
Day 24 + + 1.0 
Day 26 + 0.5 
Day 28 + + + 1.5 
Day 30 + 0.5 
Day34 + + 1.0 
Day38 I + + + 1.5 
Day 42 + 1.0 
Day50 + + + + 1.5 
Day60 + + + 1.5 

Summary of sample volume: ·8 d "'6 ml, One week rest. 0 to 60 d = 34.5 ml 
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We will be well within the acceptable published blood collection volumes (4) that 
are followed al AFRRI. According to these guidelines 1 % blood (2.8 ml per day for 4 kg 
NHP - minimum body weight of experimental NHP) can be withdrawn every 24 h. Up to 
10% of circulating blood volume can be drawn in a single day repeated every 3·4 
weeks. For the entire span of the study, the total blood drawn will be well below the 
recommended maximum limits. 

v .1.3. Experiment 3. Confirmation of the efficacy of ora~(b)(4) lin non-human 
primates and val idation of the biomarkers. Survival and hematopoietic recovery 
will be the primary end point~ 

An ,orall(b\(4) lwould be attractive, conven~ent and able to deliver effective dose 
levels particularly to children, e lderly and chrofj~~lly· il l patients. Preliminary studies 
have shown that uptake of orally~administered~b !was rapid, with higher plasma 
Cmax and AUC values achieved than those observed witli corresponding sc doses. 

Similar to experiment proposed under experiment 2, two groups of 4 NHPs each 
will be used. During distribution of NHPs into two groups, various health parameters wi ll 
b.e ?onsidered and disJribut~d in a .manners~ that both grg~~s sbluld receive NIH~s off 
s1m1lar health status. One will receive the optimal dose oil 4 _and the other will get 
vehicle control. NHPs will be exposed to LDso1so or LD701so TBI, fo llowing oral 
administration o~ at -24 h and -12 h prior to radiation exposure. One more 
optimal dose of~will be administered 4 h after exposure to radiation. Animals 
will be sedated {ketamine 10-20 mg/kg, im) for oral gavage and gastric tube (3-7 fr or as 
VSD veterinarian recommendation) attached with syringe (needle 25 G) will be used for 
this purpose. 

Blood samples collected on -8 d, + 12 h, +24 h and +48 h will be used for 
collecting PBMC for analysis of biomarkers by Western blot and NIA methods as 
described above. An imals will be monitored for survival for 60 d. The drug efficacy will 
also be assessed by peripheral b lood cell counts (see table 6 for time points). Blood 
b iochemistry and serum citrulline will be also evaluated at various time points after 
irradiation (table 6). In addition, secondary end points, including 1) significant reduction 
in lthe incidence of infection, as manifested by febrile neutropenia, 2) the incidence, 
severity, and duration of severe neutropenia (absolute neutrophil count [ANC] < 
500/rnm3) following radiation, will be determined. 

Blood pressure, pulse and temperature will be recorded before injection, 24 h 
after irradiation and every time sample is collected. Body weight will be measured 
before injection and weekly afterwards. 
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Table 6: Blood and BM collection schedule for experiment 3 

Blood 
1(6)(4~ bose Time of blood Total 

blood/BM. mglkg draw CBC ml 
0.5 

Bio market Biochemistry Becteremia Cllrulline 

ml 
2.0ml O.Sml 0.5ml O.S ml 

-8 d + + + + + 6.0 
1(0)(4) I 

Optimum dose 
(b)(4) f.tehicle 

oral admn. 
based on day-2411. -lblomarker study 

12h,and +4 
h 

Radiatioh DayO 2.0 exposure 6.5 Gy +12 h + 

Day 1 (24 h} + + 2.5 
+36 h + 2.0 
Day2 + + 2.5 
Day4 + + 1.0 
Day6 + 0.5 
Day8 + 0.5 
Day 10 + + + 1.5 
Day 12 + 0.5 
Day 14 + 0.5 
Day 16 + 0.5 
Day 18 + 0.5 
Day 20 + + 1.0 
Day 22 + 0.5 
Day 24 + + 1.0 
Day 26 + 0.5 
Day 2B + + + 1.5 
Day 30 + 0.5 
Day 34 + + 1.0 
Day 38 + + + 1.5 
Oay 42 + 1.0 
Day 50 + + + + 1.5 
Day 60 + + + 1.5 

Summary of sample volume: -8 d = 6 ml, One week rest, 0 to 60 d = 34.5 ml 

We will be well within the acceptable published blood collection volume (4) that is 
followed at AIFRRI. For the entire span of the study, the total blood drawn will be well 
below the recommended maximum limits. 

Total NHP needed for this Protocol: 

I Experiments Total I 
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Experiment 1 4 
Experiment 2 8 
Experiment 3 8 
Total NHP required for th is protocol 20 

V.2. Data Analysis 

Mean with standard errors, or percentages, will be reported if applicable. The 
significance level will be set at 5% for each test. 

For experiment 1 to analyze the significant difference in the biomarker 
expression between the 2 groups of animals, the data will be tested by one-way ANOVA 
with Bonferonni's post-test correction to determine the statistically significant difference 
in biomarker profile. When needed we will also validate using a two-sided Student's t 
test, when comparing two groups to determine significant difference among sampling 
time. Values of p < 0.05 will be considered statistically significant. Values will be 
expressed as means± standard error (SE). 

Comparison of survival curves will be made using the log-rank test. Fisher's 
exact test will be used to detect if there is a significant difference across the groups in 
survival rates by performing pair-wise comparisons. Four NHPs (n = 4) per group would 
have 80% power to detect a significant difference between two groups if any, given type I 
error of 5% and delta/sigma of the differences between two group at least 2.4, where 
sigma is the common standard deviation, and delta is the mean difference (26) . 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 

Both computer models and tissue culture have been considered as alternatives 
to animals. These alternatives lack the knowledge base and complexity needed to 
evaluate the effects of radiation and radiation countermeasures on the immune system. 
The phenomena under study involve complex information-processing networks 
comprising large number of cell types and biological signal transduction molecules. 
Responses to irradiation and radioprotective agents involve interactions between the 
central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
system, gastrointestinal system etc. We do not know all of the cell types and tissues 
involved and many of the signal transduction molecules have not been discovered yet. 
Even if all of the tissues, cell types and signaling molecules were known, the present 
state of tissue culture would be incapable of reproducing their in vivo relationships. One 
would have to reproduce much of an entire mammalian organism in culture to study 
these phenomena in vitro. As for computer models, the most powerful supercomputers 
available in the near future would be incapable of analyzing interactions between so 
many elements in the network. Thus these drugs necessitate investigation in whole 
animal models to see overall outcome. 

V.3.2. Animal Model and Species Justification: 

As described above, preliminary studies have shown thatl(6>!4> lis effective in mice 
when administered either sc or po as a protector or as a mitigator. Demonstrating 
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efficacy in a large animal species (LAS) is a critical requirement of the FDA Animal 
Rule. Rhesus macaque has 95+% DNA sequence identity with humans. NHPs are 
necessary for the pre-clinical development of a drug candidate intended for use in 
humans, because drug metabolism and physiology are so similar between NHPs and 
humans. Rhesus macaques are the model of choice for investigations of toxicity, 
pharmacokinetics, biomarkers, radiation injury, and countermeasures, because of the 
large database avai lable from the existing literature. The FDA has accepted Rhesus 
macaques as the appropriate animal model for pivotal efficacy testing of radiation 
countermeasures under the Animal Efficacy Rule, where efficacy testing cannot be 
performed in humans. The biomarker and efficacy of the drug to be tested in this 
protocol have already been demonstrated in mice. Previous experience with other 
radiation countermeasures (e.g. Neummune or HE 2100 or S·AED) has shown that 
testing in dogs is not always relevant to pharmacokinetics and efficacy in primates. 
Metabolism of 5-AED in dog hepatocytes was much different than in NHPs and human 
hepatocytes. Animal model of pig (specifically Gottingen minipig) is currently under 
initial stage of the development for studying radiation injury. This model is not well 
defined and mature enough to evaluate radiation countermeasures. Our ultimate goal is 
to generate data which will be submitted to US FDA and our data should be acceptable 
to them for approval of this radiation countermeasure l(b)(4l I Minipig model has not 
reached to that stage of acceptance yet. Therefore, this study in Rhesus macaque is 
being undertaken to guide future development of this class of radiation 
countermeasures. There are several reports for use of NHPs in radiation research and 
countermeasure development (6-8, 19). 

V.3.3. Laboratory Animals 

V.3.3.1. Genus/Species 

Macaca mulatta (Rhesus macaques) 

V.3.3.2. Strain/Stock 

Chinese or Indian origin 

V.3.3.3. Source/Vendor 

AFRRI VSD will procure animals from vendors registered with the USDA or DoD. 

V.3.3.4. Age 

2.5 to 7 years 

V.3.3.5. Weight 

4 to 8 kg 

V.3.3.6. Sex 

Male and fem ale 

V.3.3.7. Special Considerations 

Animals should test antibody negative for Herpes B virus (aka Macacine 
herpesvirus), Simian T-cell leukemia virus type 1 (STLV-1), Simian Immunodeficiency 
virus (SIV) and Simian Retrovirus (SRV) Types 1, 2 , 3, and 5. Animals shall also test 
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negative by means of virus isolation or polymerase chain reaction (PCR) for SRV Type 
2. NHPs will either be vaccinated for measles or, in the case of previously measles
vaccinated NHPs. tested for the presence of measles antibodies. NHPs shall come from 
the vendor colony negative for Salmonella, Shigella and Campylobacter. Additional ly, 
the animals shall also test negative for Klebsiella pneumonias. Animals will be pole and 
collar trained before use in experiment. 

V.3.4. Number of Animals Required (by species) 

Macaca mulatta: 20 (10 males and 10 females) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 

For biomarker study end point will be measurement of various parameters till 
predetermined days. For this purpose blood and BM samples will be collected at 
predetermined time points and analysis of relevant parameters will be carried out. 

For efficacy study, the endpoint currently mandated by the FDA for approval of 
radiation countermeasures is mortality. Moribundity will be used as a surrogate for 
mortality, and euthanasia will be used in order to minimize pain and distress, using an 
extensive set of criteria (listed under section V.4.5). The actual irradiation procedure 
does not cause pain or distress. Animal care and use procedures will only be performed 
by trained and certified personnel. 

V.3.5.2. Reduction 

Two different doses ofb)(4; lwill be tested in two animals each for biomarkers. 
In case we don't get desired results, same animals will be used again after 30 d wash 
period with additional doses of the drug. We also plan to use same animals in biomarker 
study with radijti?t1 exp,sure. After 30 d wash period, these animals will be irradiated 
and dosed with (b 4 In efficacy study, drug administration through two different 
routes (sc and po) will be tested. In each study, there will be only 4 NHPs in vehicle and 
another 4 in drug-treated group. Tissues will be shared with other investigators, 
wherever possible without compromising the objectives of the project. 

As we move forward with experiments, plans will be reevaluated at every stage 
of the experiments, in light of incoming data in an attempt to reduce the numbers of 
experiments and groups, if possible. If deemed not necessary based on incoming data, 
some investigations may not be carried out to optimize the use of experimental animals. 

V.3.5.3. Replacement 

There are no in vitro techniques available to demonstrate that this drug will 
counter the effects of whole-body irradiation in humans. Efficacy and safety have 
already been demonstrated in rodents. The preferred large animal model for preclinical 
evaluation of radiation countermeasures intended for use in humans is non~human 
primates. This study represents the next step necessary to develop this drug for FDA 
approval. According to FDA scientists and the radiobiology community, the large 
database of radiation studies in Macaca mulatta makes this the most useful large 
animal model to evaluate interactions of radiation injury and drugs intended for use in 
humans. 
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V.4. Technical Methods 

V.4.1. Pain/Distress Assessment 

V .4.1.1. APHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C .. . ....... O 

V.4.1.1.1.2. Column 0 .......... 0 

V.4.1.1.1 .3. Column E .... ... .. . 20 

V.4.1.1.1.4. Pain Category Assignments 

Experiments 
Experiment 1 
Experiment 2 
Ex~eriment 3 
fatal mice required for this orotocol 

V.4.1.2. Pain Relief/Prevention 

Total 

V .4.1.2.1. Anesthesia/Analgesia!Tranquilization 

c D E 
4 0 0 4 
8 0 0 8 
8 0 0 8 

20 0 0 20 

Microchips will be implanted to animals before initiating the other experimental 
procedures. BM wi ll be collected under anesthesia. This procedure has been described 
in detail under section V.4.3.2 (not elaborated here to avoid duplication). Buprenorphine 
(0.005 - 0.03 mg/kg, im or sc or iv, every 12 h) will be administered for 3 days after 
each BM collection (will be given for longer if animals show limping or any other sign of 
pain is noticed) to NHPs of experiment 1. Since anesthesia, analgesia, and tranquilfzers 
are known to affect functions of the immune system of animals, we plan to minirnize 
their use during course of the experiment after irradiation (2, 9, 10). 

!Pain is not expected from actual irradia1ion process.
1
JPc

4
i seg,elae of high dose of 

radiation may result in pain but the animals treated with will experience 
~ed infections observed i.n ~mmunosuppres. sed .an_imals. A.s _observed ,in miceJ6){4) I 
~iay enhance hematopo1et1c recovery after rad1at1on and 1f 1t does1 th1.s should l!ead 

to impr~ved health. Use of other bCicterieidal agents to combat: unresolved infectidns 
duringl()(a) Jmanagement is not warranted in this study as the scientific end points 
identified above will be abridged. It is important to note that the principle purw,-0se of this 
study is to validate the biomarkers (Experiment 1) and evaluate efficacy olf6 4

) I 
(Ex[periment 2 & 3). The use of antibacterial agents will interfere with principle purpose 
(efficacy study under experiment 2 & 3). However, if pain and/or distress are observed, 
the Pl and at1ending veterinarian staff will be notified to evaluate and determine the 
appropriate treatment. If pain and/or distress cannot be alleviated, the animal will be 
evaluated for euthanasia_ 

Some animals may feel temporary discomfort such as nausea, emesis, and 
diantiea that may occur after irradiation. In such situation, administration of fluid using 
bottle will be considered. No treatments for radiation-induced behavioral manifestations 

18 of 30 



will be provided as they may intertere with the evaluation otf61(4) lin post-irradiation 
recovery. 

Use of ketamine for BM biopsy has been elaborated under section V.4.3.1. Pre
Surgical Provisions. 

V.4.1.2.2. Pre- and Post-procedural Provisions 

Animals will be observed for signs of pain and distress by either the veterinary or 
research statf at least twice daily. Before procedures that require general anesthesia, 
NHPs will be fasted for 12 h prior to administration of systemic anesthesia. After 
surgical procedure (such as BM aspiration in experiment 1 ), NHPs will be monitored at 
least twice daily for signs of surgical site complication such as infection or trauma. 
Buprenorphlne (0.005 - 0.03 mg/kg, im or sc or iv) will be administered every 12 h for' 3 
days or longer after each BM collection (if animals show limping or any other sign of 
pain is noticed) to NHPs of experiment 1. 

V.4.1.2.3. Paralytics 

No paralytic agent will be used in this study. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures. 

V,4.1.3.1. Sources Searched 

AGRICOLA 
Pub Med 
IVIS 

V.4.1.3.2. Date of Search 

AGRICOLA - 12/11 /2013 
Pub Med - 12111/2013 
IVIS - 12/11 /2013 

V.4.1.3.3. Period of Search 

ARGICOLA -1966-2013 
PubMed - 1965-2013 
IVIS - 1998,..2013 

V.4.1 .3.4. Key Words of Search 

l<t>>(4l lAND "Pain" 
"Ionizing radiation" AND "pain" 
"Ionizing radiation" AND " bone marrow" 
"Ionizing radiation" ANO " primate" 
"Ionizing radiation" AND "alternatives .. 
"Ionizing radiation" AND "toxicity" 

V.4.1.3.5. Results of Search 

f6>(4J I AND "Pain" 
AGR ICOLA: 0 
Pubmed: 0 
IVIS: 0 
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"Ionizing radiation AND pain" 
AGRICOLA: 0 
PubMed: 445 
IVIS: 21 

" Ionizing radiation AND bone marrow" 
AGRICOLA: 674 
Pubmed: 13 
IVIS: 0 

"Ionizing radiation AND primate" 
AGRICOLA: 0 
Pubmed: 24 
IVIS:O 

"Ionizing radiation" AND "alternatives" 
AGRICOLA: 2 
Pubmed: 133 
IVIS: 2 

"Ionizing radiation" AND "toxicity" 
AGRICOLA: 351 
Pubmed: 4703 
IVIS: 16 

No reports were found indicating administration otl(6)(4) ~auses pain. Similarly, 
there were no reports indicating that irradiation itself causes pain. It has been reported 
that whole-body irradiation can cause sedative effect, as indicated in the tail~flick test in 
rats. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 

(a): BM aspiration: Animals will get proper analgesics for this procedure and they 
will not be in painful or distressful condition. 

(b) Irradiation: As stated above, irradiated animals finally die due to a 
compromised immune response and microbial infections. In the event ttlat there is pain 
and distress for animals, as we have already discussed under above headings, we 
cannot give anesthetic/analgesic agents to the animals (except at the time of BM 
aspiration which can't be performed without anesthesia) since these agents interact with 
the immune system, and in turn will affect experimental results. Buprenorphine (0.005 -
0.03 mg/kg, im or sc or iv) will be administered for 3 d or longer after BM collection if 
animals show limping or any other sign of pain is noticed. 

There are conflicting reports regarding effects of buprenorphine on the immune 
system (3, 13, 15, 16, 18, 20, 21 , 25). A majority of reports suggest that buprenorphine 
influences immune response. Since buprenorphine has been shown to influence various 
arms of cellular and humeral immune response (3, 16, 21, 25) , we have decided not to 
use it in our efficacy study (experiment 2 and 3). This gent will be administered to NHPs 
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of experiment 1 for biomarker study as stated above. Non-steroidal anti-inflammatory 
drugs are not suitable for use in such experiments (17). 

V.4.2. Prolonged Restraint: 

Animals to be irradiated will be placed in restraint devices for irradiation in the 
cobalt facility. Animals will be sedated for this purpose (ketamine 10-20 mg/kg, im). 

For blood collection, NHPs will be placed in a primate restraint chair. NHPs will 
not be left in the restraint chair for more than 30 minutes. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions: 

BM collection proposed in experiment 1 is considered a surgical procedure. 
Animals will be assessed for signs of pain and distress by either the veterinary or 
research staff at least twice per day or as often as needed. Antibacterial prophylaxis will 
be administered: Cefazolin Iv or sc (20 - 25 mg/kg, one time before BM collection) or 
ampicillin (15 - 20 mg/kg, iv or im one time before BM collection). Food will be withheld 
from the animals 12 h prior to administration of the anesthetic. The NHPs will be 
chemically sedated with ketamine (5-15 mg/kg im) or Telazol (5-1 O mg/kg im) with 
Atropiune (o.05 mg/kg im) or glycopyrrolate (0.005 - 0.1 mg/kg im) (needle 25 G). For 
induction, 3-5% isoflurane in 100% oxygen by mask will be used. For maintenance 1-
3% isoflurane will be administered in 100% oxygen via endotracheal tube or mask. 
While the animal is under the anesthesia, vital signs will be monitored including Sp02, 
pulse, respiration rate and body temperature. Bair Hugger heated surgical table will be 
used for keeping animal warm. Animal body temperature will be recorded frequently 
using a rectal thermometer during the procedure. 

V.4.3.2. Procedure(s): 

The site of BM collection may be the iliac crest, scapula, ischial tuberosity, 
trochanteric fossa of the femur, tibial crest, or the proximal humerous. The site will be 
prepared as a surgical site: hair will be clipped using# 40 surgical blade and the site 
scrubbed at least 3 times using either betadine or chlorhexidine and 70% alcohol. 
Animal will be positioned appropriately (dorsal or ventral or lateral recumbency 
depending on the site being used for the BM collection. A sterile drape will be used to 
cover the site. A small stab incision (just enough for a 16 G needle to go through) will be 
made in the skin at the site of BM collection. Then, BM aspiration needle will be 
advanced through the incision into the cortex of the bone. The stylet is removed from 
the BM needle. A 2 - 5 ml syringe will be used to aspirate the BM. The needle will be 
removed and incision will be closed with tissue glue or a suture after BM collection. 
Either non absorbable nylon or absorbable monocryl suture will be used to close the 
skin. Only autoclaved or disposable sterile instruments will be used. Only one attempt 
will be made per site and only two sites will be attempted at any one sampling point. No 
more than 3 ml of BM will be collected per animal. 

Food will be withheld for about 12 h prior to sedation. 

V.4.3.3. Post-surgical Provisions: 
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Animals will be monitored at least twice per day for signs of surgical 
complications such as infection or trauma. If treatment for such conditions is needed. a 
VSD veterinarian will provide the appropriate medical intervention: Baytril 5-10 mg/kg im 
or po, sid for at least 5 days or longer (may be given to avoid infection). 8uprenorphine 
(0.005 - 0.03 mg/kg, im or sc or iv) will be administered for 3 d or longer after BM 
collection if animals show limping or any other sign of pain is noticed. Cetazolin (20-22 
mg/kg, iv) will be used as needed based on opinion of veterinarian. 

V.4.3.4. Location: 

The procedure wi ll occur in the VSD surgical suite at the veterinarian's discretion. 

V.4.3.5. Surgeon; 

VSD personnel trained in the procedure and aspetic technique. 

V.4.3.6. Multiple Major Survival Operative Procedures 
V.4.3.6.1. Procedtn es: N/A 

V.4.3.6.2 scientific Justification: 

Though BM collection is not major procedure per se , we are conducting repeated 
collections which may make it fall into this section. Biomarker identification and 
validation are important objectives of this protocol. To accomplish these objectives, we 
need frequent BM and blood samplings close to drug administration and radiation 
exposure (stated abOve in various tables). Further, several protein biomarkets will .be 
evaluated by two different techniques (gel electrophoresis/immunoblotting and NIA) for 
which we will require significant quantity of all samples collected. 

As stated above, one site will be used only once for the BM collection in an 
experiment over a period of one month. Same site will not be used tor BM collection 
again in specific study. Same animal wil l be used to repeat study after one month rest 
period (applicable for experiment 1 only). We have identified several sites for BM 
collection in NHPs of experiment 1. There will be no bM collection in experiment 2 and 
3. 

V.4.4. Arnimal Manipulations 

V.4.4.1. Injections 

NHPs wnll be dosed with l<b)(4) !subcutaneously in the dorsal scapular region 
(midline). Drug will be injected with a sterile 21 - 23 gauge needle. Each injection 
volume will not exceed 1 ml. Injections will be performed by appropriately trained staff 
listed in this protocol under section VI. 

V.4.4.1.1. Pharmaceut ical Grade Drugs : 

Current1J 161m lis jn Phase 1 clinical trials for ~afety and toxicity .1161(4) 
ll0><4> Jor administration 1-in_Fi_e_a-1t-hy _ _. 

volunteers. We will be using the same formulation in this study. 
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prepara ion invo ve gra· e ormu a ion. 

V .4.4.1.2. Non-Pharmaceutical Grade Drugs: None 

V.4.4.2. Biosamples 

All aspects of the solution 

Blood withdrawals will be carried out according to the schedule presented above. 
Blood will be collected from a peripheral vessel rather than a femoral vein with a 21 - 23 
gauge sterile needle attached to a needle holder, to reduce the chances of bleeding 
after blood collection in irradiated animals. 

The area for the blood draw (samples for bacterial culture} will be swabbed with 
providone-iodine twice before inserting the needle. Providone-iodine will be swabbed off 
to reduce irritation to the tissue. For samples collected for other tests, only alcohol swab 
wfll be used. The blood sample will be drawn as described above. While withdrawing 
needle, pressure will be applied at the same time with a sterile bandage to reduce 
bleeding from the blood draw site. While making regular routine observation of animalls, 
the blood-dr.aw site will be checked tot bleeding. In the event the site becomes infected, 
topical triple antibiotics (bacitracin, neomycin, and polymyxin) or similar agent will be 
applied. 

BM samples will be collected as stated above under section V.4.3.2. 

V.4.4.3. Adjuvants: 

No adjuvant will be used. 

V.4.4.4. Monoclonal Antibody (MAb) Production ; N/A 

v .4.4.5. Animal Identification 

Animals arrive tattooed and such tattoo will be used for identification. Additionally 
cage tags are used for identification. 

V.4.4.6. Behavioral Studies: 

No behavioral studies will be performed in this protocol. 

V.4.4.7. Other Procedures: 

Oral administration ot""'l(b .... J(4 ... >~~ ....... 
Animals will be sedated with 5 - 15 mg/kg ketamine im~5 G). We will 

use either the stomach tube or nasogastric tube to administe~ Before drug 
administration, the length of the tube will be measured from mouth or tip of the nose up 
to the last rib. The tube will be lubricated before passing through the nose or the oral 
cavity. Appropriate size (diameter) tube will be used based on the animal's nostril 
diameter or trachea diameter. After drug administration, the tube will be flushed with 
normal saline to make sure the drug reaches to the stomach. Then the tube will be 
pulled out and animals will be held in vertical position until fully recovered from sedation. 
Then the animal will be transferred to home cage and any sign of vomiting will be 
monitored. If there is any discomfort to the animal, veterinarian will be called. This 
procedure will be conducted under c lose supervision/guidance of the veterinarian. 
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Drug volume will be well within the limit stated in Diehl 's et. al. guidelines {max 
15 ml/kg) (4). Currently drug is available at 50 mgfml concentration (pharmaceutical 
grade). For 4 kg animal. at a dose of 30 mg/kg. volume will be 2.4 ml 

Transport plan 

The sedated animals in positioning aide devices will be transported inside a cart 
to the High Level Gamma Radiation (HLGR) facility. At no time will the animals be 
removed from the restraint boxes while outside of the VSD vivarium. Two personnel will 
accompany the animals with additional drugs as needed for chemical restraint (animals 
are not awake during irradiation), and provide animal handl ing support. 

After irradiation, the NHPs in their restraint boxes will be removed from the 
platform, returnee! to the transport cart and returned to the vivarium. 

l<6H4i lwill be administered orally to NHPs in experiment 3. 

V.4.4.8. Tissue Sharing: 

BM/PB MC samo1es wrn be sent to Or IM{6) I 
l<bH61 ltor Nanoscale 
Immune Assay (NIA} for validation of biomarkers. Tissue sharing form will be completed 
before sending sample to above collaborators. 

Unused biological samples will be retained for additional studies. Studies 
planned will depend upon additional funding for supplies and staff in future. 

V.4.4.9. Animal By-Products 

No animal by~products will be used in the proposed study. 

V.4.5. Study Endpoint 

In biomarker study without radiation exposure {first phase of experiment 1 ), blood 
and BM samples will be collected at predetermined time points as stated above. No 
mortality or morbidity is expected in this study. BM collection should not be a painful 
procedure since we are using pain medication. There may be mortality or morbidity in 
biomarker study with radiation exposure (second phase of experiment 1) depending1 on 
dose of radiation used. These animals will be taken care as described below tor efficacy 
study (experiment 1 and 2). 

fhe endpoint used in the efficacy studies (experiment 2 and 3) is mortality. 
Moribundity will be used as a surrogate for mortality, and euthanasia will be used in 
order to minimize pain and distress. Euthanasia will be carried out when one or more of 
the following signs and symptoms of moribundity are observed as determined by or in 
consultation with AFRRI veterinarians. Once platelet count is <30x10"3/µI, PM checks 
((-5-6 PM) will begin and continue until solid evidence of recovery in consultation with 
AFRRll VSD veterinarian.Necropsy and histopathological analysis will be performed on 
all euthanized animals by the board certified veterinary pathologist. Following 
parameters will provide the guidelines for moribundity (all signs will be taken together 
along with the recommendation of a VSD veterinarian for euthanasia decision): 

1. Weight loss; loss of more tha.n 20% body weight over a 3-day period. 
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2. lnappetance: complete anorexia for 2 days with deteriorating conditions based on 
clinical examination 

3. Weakness/inability to obtain feed or water: Inability or extreme reluctance to stand 
which persists for 1 h. 

4. Minimal or absence of response to stimuli (animal does not move when prodded). 

5. Core body temperature: Below 96.611F following a period of febrile neutropenia (such 
as > 103 °F and <500 neutrophils/µI). 

6. Severe acute anemia: <13% hematocrit or <40 g/L hemoglobin (decision in 
consultation with AFRRI veterinarians). 

7. Severe thrombocytopenia (<10,000 platelets/µ!) (decision in consultation with AFRAI 
veterinarians) 

8. Other signs of severe organ system dysfunction with a poor prognosis as 
determined by a veterinarian: 

8.1 Respiratory: any dyspnea or severe cyanosis. 
8.2 Gastrointestinal: sustained vomiting or diarrhea, obstruction, intussusceptions; 

peritonitis. NOTE: Transient vomiting and diarrhea are expected results of 
whole-body gamma irradiation. Therefore, as criteria for euthanasia, these 
symptoms should be severe and life-threatening per se, i.e., hemorrhagic 
diarrhea to the point of causing anemia as listed above or severe 
uncompensated dehydration. 

8.4. Urogenital: renal failure 
8.3 Nervous: sustained CNS depression, seizures, paralysis of one or more 

extremities. 
8.4 lntegumentary: Non-healing wounds, repeated self-trauma, severe skin 

infections, indicating severe organ system dysfunction with a poor prognosis. 

The actual irradiation procedure does not cause pain or distress. Animal care 
and use procedures will only be performed by trained and certified personnel. 
Secondary endpoints will be incidence of bacteremia, standard hematology 
measurements in peripheral blood (numbers of neutrophils, platelets, erythrocytes, 
lymphocytes, mean corpuscular hemoglobin, etc.), body temperature, body weight, and 
occurrence of bloody stools. Body weights will be determined at least once prior to 
treatment, on the first day of treatment, and at the time of blood collection. Body 
temperature (implanted chip) will be determined daily between 1 O am and 12 noon 
beginning approximately one week prior to the first treatment. The time of each 
temperature collection will be recorded for each NHP. 

Surviving animals at the end of the study (60 d post-irradiation) will be 
euthanized for gross necropsy and tissue collection as described under section V.4.6. 
Histopathology of various organs will be conducted to study the effects of radiation and 
drug. 

V.4.6. Euthanasia 

Animals will be humanely euthanized using American Veterinary Medical 
Association (AVMA) guidelines. These animals will be given sodium pentobarbital 
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intravenously (100 mg/kg). Prior to pentobarbital administration, animal will be sedated 
using Ketamine (5-15 mg/kg intramuscularly).The animals will be euthanized only under 
the guidance and supervision of a staff veterinarian. After sodium pentobarbital 
administration, the animals will be examined (heart auscultation and pulse) to confirm 
death. A full body necropsy and histopathology analysis will be performed by a Board 
Certified Veterinary pathologist, after confirmation of the death. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 

Special care will be given to irradiated animals as their natural immunity will be 
suppressed (more prone to infections). Irradiation boxes will be sanitized after every use 
or more often as needed. 

V.5.1.1. Study Room: 

As assigned by VSD. 

V.5.1.2. Special Husbandry Provisions: None 

V.5.1.3. Exceptions: None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 

All animals will be quarantined for 45 days prior to any experiment. As per 
Standard Operating Procedures, VSD staff will monitor all animals at least twice daily 
during morning and afternoon rounds. Any abnormalities will be reported immediately to 
the on-call veterinarian and Pl. In addition, animals will be observed daily by this 
protocol's research staff. Any sick animal will be observed twice a day (early morning 
and late afternoon/night) by the research staff. When animals become ill or debilitated, a 
veterinarian will be contacted immediately to assess the animal and provide 
adequate/emergency care. If the animal becomes moribund, it will be euthanized via 
intravenous administration of pentobarbital sodium at a dose of 100 mg/kg body weight 
under the guidance of the veterinarian. Prior to pentobarbital administration, animal will 
be sedated using Ketamine (5-15 mg/kg intramuscularly) (needle 25 G). 

V.5.2.2. Emergency Veterinary Medical Care 

The on-call veterinary office will be available via 24 ha day. 

Euthanasia will be carried out according to pre-defined criteria as determined by 
AFRRI veterinarians (see criteria in section V.4.5, and also section V.4.6 for details). 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 

Food will be withheld for about 12 h prior to sedation. Citrus fruits will be 
restricted to animals under experiment# 2 and 3 as citrulline will be measured in 
experiment 2 and 3. 

V.5.3.2. Enrichment Restrictions: 

None 
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VI. STUDY PERSONNEL QUALIFICATIONS ANO TRAINING 

Following employees are trained for NHP work. They have handled NHP work of earlier 
protocols at AFRAI. 

INAME I DEGREE I TRAINING I DATE PROCEDURES 

(b)(6) 1,3,4,5, 7 for 
mice 
7, NHP (off·h 
observation) 
1,3,4,5 mice 
1,3,4,5, mice 
1,3,4,5, mice 
1 1~14,5, mice 
1,7, Ni-IP (off·h 
observati6n) 
1,3,415,7, mice 
1,3b,3d, 4,5,7, 
NHP (off·h 
oMervati<>n) 
1,3,4,5,7 , mice 
1,3b,3d, 4,5, 7, 
NHP (off·h 
observation) 

Procedure and manipulation codes: 
Codo 1- Animal handling and euthanasia 
Code 2 .. Surgery {aseptic technique) pre- and post~erative care 
Code 3= Injections (38-lp, 3b-sc. 3c-gavage) - can say 3 if trained 1n all mamputations or add 3d-111 

Code 4• Bbod oollectlon under anesthesia (4a-cardiac. 41)-posterior vena cava) 
Code 5• Tissue collection (alter euthanasia) - doesn't need to be specif c 
Code 6 = lmplantatio~ (provide derails) 

YRS/MOS 
EXPERIENCE 

,DXliJ 

Code 7 • Others • !provide protocol specific manipulat'ons or procedures lor o.g., retro orMal bleoding, tai vein injection, or drug 
dolivery) 

VII. BIOHAZARDS/SAFETV 

lhere is no plan to use any potential biohazard. Standard laboratory safety 
precautions will be observed throughout this study 

VIII.ENCLOSURES 
Form 310 

List of references 
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X. ASSURANCES 

Protocol Title: 8iomarker and efficacy studies ofl ..... (b-)(
4

_> _ _.I in Rhesus macaques 
(Macaca mulatta) 

As the Princrpal Investigator on this protocol, I acknowledge my responsibilit'ies and 
provide assurances for the following: 

iA. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specffically 
approved lby the IACUC prior to its implementation. 

IB. Duplication 1of !Effort: I have made every effort to ensure that this protocol is not 
an unnecessary duplication of previous experiments. 

G. Statistical Assurance: I assure that I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis; and that 
the minimum number of animals needed for scientific validity will be used. 

0. Bioha·zard/Safety: I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth , in the preparation of this 
protocol. 

E. Training;, I verify that the personnel performing the animal 
procedures/manipulations/observations described in this protocol are technically 
competent and have been properly trained to ensure that no unnecessary pain or 
distress willl be caused to the animals as a result of the procedures/manipulations. 

F. Responsibility; I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that alll individuals associated with this project will demonstrate a concern f'or the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility, " which the DOD 
has embraced for implementing animal tJSe alternatives where feasible and conducting 
humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate 
peer scientific review and is consistent with good scientific research practice. 

H. Painful Procedure(s): ~I AM NOTconducting biomedical experiments. 
which may potentially cause more ¥an momentary pr Ii ht pain or distress to animals. 
If applicable; potential pain and/or distress WILL I ILL NO be relieved with the use of 
anesthetics, analgesics and/or tranquilizers. I have considered alternatives to such 
procedures; however, I have determined that alternative procedures are not available to 
accomplish the objectives of this proposed experiment. 

l(b)(6) 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL 
FORMAT WITH EMBEDDED INSTRUCTIONS 

(March 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested fn the following animal use protocol template reflects the requirements 
of the Anlm&I Welf&re Act Regulations (A WAR), the Guide lor the C&re and Use ol Laboratory 

Animals, and other applicable Federal regulations and DOD instructions. 
************************************************************************************ 

This document is intended to be an aid in 1he preparation of DOD-sponsored animal use protocols. 
It is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference 
to lhe instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC 
review. Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of 
section headings, all paragraphs require a response. Paragraphs that do not apply should be marked 
N/A. There is no space limitation for responses to the informa1ion requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD·validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details In the protocol. However, it Is 
essential to include general descriptions of all animal manipulations to be carried out under the IACUC· 
approved protocol and to provide details where no approved references are cited. To do otherwise 
would constitute a breach of statutory regulations. Manipulations not covered In the originally approved 
protocol can be init iated only after IACUC approval of a formal amendment adding the new procedures. 
Additionally, Principal Investigators (Pis), or other delegated research personnel, should maintain 
accurate experimental records and be able to provide an audit trail of animal expenditures and use that 
correlates with their approved protocol. Protocol Pis will be required to provide this and other 
information during annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to 
the completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagrap:hs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that 
supports or complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., 
concepts, ideas, 9Kperimental approach9s, etc.), some of which is innovative or original and 
therefore considered proprietary to the investigators and/or the sponsoring agency. All 
Government and non-Government personnel handling this protoccl shall exercise EXTREME 
CARE, to ensure that the Information contained herein Is NOT DUPLICATED OR DISCl.OSED, In 
whole or part, for any purpose other than to evaluate the protocol, without the written 
permission of the principal investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC~USE ONLY 
PROTOCOL NUMBER (b)\6) I 

Submission Date: 11'8/2014 2"' Resubmission Date: 211 4/2014 

Approved/Returned for Revl9lon: 214/2014 Approved/Approval Withheld by IACUC: 2119120141 

1" Resubmission Date: 21512014 EXPIRATION DATE: 211812017 

Approved/Returned for Revision: 211212014 Previous Protocol Number (1f related) 2010·12·019 

SECOND TIER REVIEW 
rif reauiredl 

Submission Date: Approvedlf\eturnoo lor Revision: 

Approved/Returned tor Revision: 2"' F'lesubmlssion Date: 

·1•1 Resubmission Date: Approved/Approval Wi thheld: 

NOTES to Pl : 
• To DISPLAY this Word document's red-text instructions, ~tvlew V'itw Ottt optr 

single-click Word's Show!Hide button (shown, right) , 
located in Word's top-of-page panel (click Word's 
"Home" tab ii Show/Hide isn't displayed). 

• To HIDE the red-text instructions, single-click the 
Show/Hide but1on again . 

:: · 1: • ·;;:· i' c~ H 
II= • :a • l:g· 

.. 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor in the data fie ld. then 

---~!'!.-~.!1JI:_ _______________________________________________________ _ 

I. NAME OF FACILITY: Armed Forces Radiobiology Research fnstitute 

11. PROTOCOL. NUMBER:._l16
_)<s_) ___ _,hrevised 2-5-2014) 

Ill. PROTOCOL TITLE: Radiation Countermeasure Screening for Protection and 
Mitigation in the lab Mouse. Mus muscufus. 

IV. PRINCIPAL INVESTIGATOR: 

l(b}<B) I PhD' 
Research Biologist. SAD, AFRRI. l16)(BJ I 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent witn good scientific research practice. 

2 of 35 



,__>1_> __ ~~- PhD, Lt Col, USAF 
Head, Scientific Research Depanme.nt AFRRI 
Te/ephonel tb)(6j I FaxJ(b)<6l I 
j(b){6) I 

Date 

VI. STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that the numbar of anlmais used is appropriate to obtain sufficient data and/or is not excessive, 
and the statistical design is appropriate for the intent of the study 

1(6)<6) I PhD Date 
Statistician....., ___ _ 
Telephone 1(6)(6) I FaxlT(6) 

l<b)(O) 

VII. A TTENDINQ VEIERINARIAN: In accordance with Animal Welfare Regulations. the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more tihan slight or momentary pain or distress, even if relieved by anesthetics or analgesics. 

l(b)(Sj I DVM, DACVPM, DACLAM Date 
Head. Veterinary Sciences Department 
Armed Forces Aadiobiology Research Institute 

f6><6) I 
Ottice;!~~:) I Fax: l:"lf.b""~""'-""-----'---------------. 
Ema111 .. _________________ _, 

VIII. SAFETY OFFICER; This animal use protocol received appropriate review for safety and 
blohazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

r)(6) I Date 
Environmental Health and Safety Department. USUHS 
ielephone:!lb)(6) I Fa)(:l(b)(6) I 

l(b)(6) I 

IX. IACUC APPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on ____ _ 

(Date} 

b)(6 

~~!.....--T=""-ti:Afm~;i.CJ!iUJl.11~ esearch Department, AF RR I 
r:rT:~~~i.;..;.;..;.... __ .....,,Fax.._ ____ _, 
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PROT10COL TITLE: Radiation Countermeasure Screening for Protection and 
Mitigation in the lab Mouse, Mus muscu/us. 

PRINCIPAL. INVESTIGATOR: 
l(b)(6) I PhD, 
Research Biologist, 
AFR Al.,,,..., ___ _ 
Phonellb)(G) I Fa~Lb-)<6_l ________ _________ _.J 

CO-INVESTIGATOR(S) ~(b)(6) I Ph.D. 
Research Scientist, AF RR I, Br;:e;,;;th.;..;:e:;.;:;s.;;;;da_· ·...:.M.;.;.;D;;;..- .;;;;2.;;;.08;;;,.;8;;,;:9;...._ __________ _ 
Phonej(6)(6) I Fax:l .... 16_R6_i _________________ __, 

AFRRI SCIENTIFIC RESEARCH PROTOCOL NUMBERS: 1(6)(6) 
((BiM I '-----------' 

I. NON-TECHNICAL SYNOPSIS 
fhe first objective of the protocol is to provide, in the event of radiological/nudear 
accident, an extra level of biological protection to first responders including military 
personnel, fire fighters, and security personnel. The second objective is to identify 
therapeutic agents to treat civilian population who may be accldently exposed to 
ionizing radiation. Acute total body irradiation (TBI) at a moderate dose induces 
extensive apoptotic/mitotic death of actively dividing progenitors wherein the 
hematopoietic system is identified as among the most highly susceptible tissues to 
radiation injury. Profound and persistent hematological syndromes develop as a result 
of death and ablation of the blood forming elements in bone marrow resulting in 
severe neutropenia (loss of circulating neutrophils) and thrombocytopenia (loss of 
platelets) , thereby increasing the risk of death due to opportunistic infections and/or 
he~~paae. 
l he lAFRRI interagency 
agreement (IAA) has been established to evaluate several agents@ AFRRI as 
radiation countermeasure in a mouse model for potential oosLexoosure 
countermeasure treatment against nuclear threats to the civilian population. The 
Department of Defense (DoD) is interested in providing additional protection to the 
military and first responders in harm's way to a nuclear incident and ore-exposure 
countermeasure (the prophylaxis) study arm addresses this issue and is supported by 
the AFRR I Intramural funds. 
A standard protocol developed at AFRRI will be used to evaluate 10 potential 
countermeasures per year for efficacy in reducing radiation mortality. Depending upon 
these soeening tests, some drugs will be short listed for further detailed investigations 
to include a. optimization studies (drug route, concentration, multiple administrations 
and time of drug administration); b. Dose reduction factors (ORF) studies (testing 
efficacy of promising candidates using various radiation doses), and c. hematological 
and mechanistic studies (to elucidate drug response). 
Due to the inherent variations in radiation sensitivities arising from genetic differences, 
we will test promising radiation medica.I countermeasures (MCM) in rodent strains 
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representative of most sensitive (C3H/HeN) to radioresistant (86C3F1) strains. The 
C578U6 strain represents the wild type, moderately radioresistant model most 
commonly used for screening radiation MCMs. The current protocol will continue our 
efforts to study efficacy of promising MCM in different mouse strains. 

IL BACKGROUND 

II, 1. Background Acute Radiation Syndrome (ARS) represents the clinical response 
of key radiation~sensitive tissues following whole body or extended partial body 
exposure to high doses of ionizing radiation. New drugs and new therapeutic 
strategies are still required to cope with the high morbidity/mortality of ARS. The Acute 
Radiation Syndrome represents a dose-dependent graduate response of key tissues 
of decreasing radiosensitivity and the clinical continiuum of hematopoietic (>2 Gy TBI), 
gas r intestinal >lO_G ___ then ne.u.rnJJ_aRc.u1ar 2 3_0_G . s n romes (Stone et al 2004). 
Th is charged with 
implementing research to identify, characterize and develop medical countermeasures 
(MCM) against injuries caused by radiological/nuclear attack. A robust research and 
development program, initiated in 2005, supports the development of many MCM to 
~diation injury as well as. deve.lopment of diagnostic/radiation dose triage tool~. 
E:........,Partnered with AFRRI via an 1nteragency agreement (IAA) to screen agents 1n a 
mouse model with potential for radiation MCM efficacy dating back to 2006. This 
protocol represents the continuation of the x 1 FRRI radiation countermeasure 
screening program under protoco ro < due to expire in 
February, 20 14. 
We have established a standard system for evaluating MCM for radiation 
countermeasure efficacy at AFRRI using the CD2F1 mouse model. This screening 
program was inst~urr:ent~I in identifying sevpra1 promising MCM. sAme wbic.hJ1ave 
advanced to studies in higher mammalsl(b)(4 l The 
screening program is a conduit for low through-put screening of drugs. Other AFRRI 
investigators select promising drugs from this pool for product development in specific 
areas such as mixed field irradiation, mechanistic studies, and in combined injury 
models. 

~1..mdina s·purces: El_reau_jsts the inclusion of 3 site numbersl(b){B) I 
pn _ in the protocol since they are all related to successful 
evaluation of potential radiation countermeasures. 

The major thrust of the protocol will be supported by th~FRRI interagen.cy 
agreement (IAA). The emphasis will be the therapeu tic/mitl~rug administered 
a1ter irradiation) modality. Each of the agents being screened were selected based on 
~al input from biotechnology companies, and scientific interactions between 
~nd AFRRI scientists. Several criteria , such as cy1oprotective effects, radical 
scavenging activity, hematopoietic growth factor activity, and colony stimulating 
activity that rescue or replenish hematopoietic cells and other radiation sensitive 
organs including GI , are considered in selection. (Herodin et al 2007). The funding for 
this will be under site number fb><B> I 
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In addition, pr?mi~ing candidates from the irevious years that need additional studies 
~for e,g. optimi.:zat1on) are funded by bothF> ).(1))(4) l and AFRRI 

f>t6> !Further. prophylaxis arm of the dru~s being screened as well as some 
of t he mechanistic studies will be supported byllb)() bnd Pl requests that these 
funding lines be conveyed in a single protocol to maximize animal use. Strain 
com1tarison studies to be conducted i~ the present pr~posal will eit~~r be supporte~ 
byfb> > !depending on the experimental cond11t1ons (prophylaxis 
vs. mitigation). 

Table 7 in section V.3.4. "Number of animals required (by Species)" provides a 
breakdown of a11imal nLJrnbers per site number. 

Classification of drugs (for the study): 
f he new drugs included Jn the current protocol are :subject to Js,qaLrequlramenls of 
confidentlallty and material transfer agreement (moderatecfi< 1 

j(b)(a) l As of this submiss._i_o_n,- s-e_v_e-ra-!-co_m_p_oui-1-1d_s__. 
are undergoing legal due pro?ess. Once appr~ey will be added to the current 
protocol by an amendment Further, since the~FFIRI contract is valid up to 
2018 , the process of testing new drugs will continue in the next Fiscal year (2015) 
under this protocol. 

(b)< J able 3 rn section , 1,2 details route and sche ule of a ministration and 
T able 9 in section V.4.4.1.summarizes physical characteristics and proposed drug 
doses). 

Optimization studiesf[b)(4) I a drug that showed mitigation efficacy in earlier 
screening requires additional optimization. Other candidates from the current llist may 
also require optimization depending on the preliminary screening study. 

Strain comparison studies: l<bX4
> land~Filgrastim are two drugs to be 

evaluated in different mouse strains (Table 4 in section V.1 .2} 

11 .2. Literature Search for Duplication 

11.2.1. Uter,ature Sources Searched BRO, NIHRePORTER. PUBMED , Embase 

11.2.2. Date of Search 11 /25/2013 to 12/1 0/2013 

11.2.3. Period of Search The search period extended from 1998 to 2005 for BRO, 
2009-present for NIHReporter, 1970 to present for PubMed, 2006 to present for 
Embase. 
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11.2.s. Results ot Searth 
Lit,erature search in PubMed and Embase resulted in >5000 hits; the relevant 
references have been used for background information and cited under bibliography. 
There w r, n hi · n er BAD. Th · w r h r · I · in NIHR P RTER: 

ie slwd1es propose in i e current amendment are not a up11cat1on 01 any o the above·menflone studies. 

Radiation: 64730 hits 
Radiation+countermeasures: 290 hits 
Aadiation+mitigation: 267 hits 

T bl 1 ae priov1. f h h es a summary o t ese searc es. 
Table 1: Summary of relevant studies on radiation countermeasures (NIHRePORTER) 

Contact PI I Project 
Project Title Proiect l'Jumb..er Leader 

RADIATtON INJURY TO THE HEART 
(0 )(6) 

PARATHYROID HORMONE IN PREVENTION AND MlTIGATION 
OF THROMBOCYTOPENJA 
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CENTERS FOR MEOlCAL COUNTERMEASURES AGAINST (0Ro1 

RADIATfON 

MOLE(ULAR·TARGtTtO RADIAfJON THERAPY 
LONG·ACTING G·CSF ANALOGS FOR TREATING ACUTE 
RADIATION SYNDROME 
GM-C'S F ANALOG$ FuR TREAffNG ACufE RADlAfION 
SYNDROME 
LONG-ACTING IL-11 ANALOG FOR TREATING ACUTE 
RADIATlON SYNDROME 

PILOT PROJECTS 

NOVEL CUTANEOUS RADIATION lNJURY COUNTERMEASURES 
NOVEL CUTANEOUS RADIATION INJURY COUNTERMEASURES 
COMBINED RADIATION AND TRAUMATIC INJURY AFFECT 
HIPPOCAMPAL SfRl.lCilJRE AND FUNCTION 
MITIGATION AND MOO HING OF RADIATION EFFECTS IN THE 
CONTEXT OF MUL Tl·ORGAN/MODH 
IMPROVING GASi ROJNitSllNAL RECOVERY AFTER 
RAOlATlON 
SOMATOSTATIN ANALOGS AS COUNTERMEASURES AGAINST 
INTIESTfNAL RADIATION TOXICITY 

PHARMACOLOGY AND DRUG DEVELOPMENT CORE 
NOVEL AGENTS FOR MITIGATION OF RADlATION·lNDUCED 
PULMONARY lNJURY 
ORAL RADIATION NUCLEAR DECORPORATION AGENTS 
MITIGATING CUTANEOUS RADIATION JNJURY WITH CXCR4 
ANTAGONIST 
MECHANISMS OF LATE EFFECTS OF EXPOSURE TO 
RADlATION 
Si<lN & IMMLlNOLOGY • MJTJGATION OF RADIATION AND 
COMBINED INJUIRY TO THE SKIN 
RADIATION NUCLEAR COUNTERMEASURES PRODUCT 
DEVELOPMENT SUPPORT SERVICES CONTRACT 
DEVELOPMENT OF ACE INHIBITOR AS COUNTERMEASURE 
FOR RADIATJON~INDUCED LUNG INJURY 
DEVELOPMENT OF ACE INHIBITOR AS COUNTERMEASURE 
FOR RADIATJON-iNDUCED LUNG INJURY 
EVALUATION OF NEUROPROTECTrVE EFFECTS OF AEOL 10150 
AGAINST CHEMICAL THREAT AGENTS 
STl!JDIES OF POPULATJONS EXPOSED TO ENVTRONMENTAL 
SOURCES OF RADIATION 
SELECTION OF AN ANTI·CERAMIDE MJTJGATOR OF ACUTE 
RADIATION TOXICITY OF THE GJ TRA 
IMMUNOSENESCENCE S1UDIES OF ACUTE RADIATION 
EXPOSURE IN ATOMIC BOMB SURVIVORS 

EVALUAJJNG RADIATION MEDICAL COUNTERMEASURES 

IL-10 COMBINED THERAPY FOR RADIATION COMBINED INJURY 
SELECTION OF AN ANTl-CERAMIDE MITIGATOR OF ACUTE 
RAD IA TIOt~ TOXICITY OF THE GJ tAA 
IMMUNOSENESCENCE STUDIES OF ACUTE RADIATION 
EXPOSURE IN ATOMIC BOMB SURVIVORS 
EVALUAlING RADIATION MEDICAL COUNTERMEASURES 
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IL-10 COMBINED THERAPY FOR RADIATION COMBINED INJURY lO)(t>J 

RADIAT!ON PROTECTION WiTH SOD MIMETICS 

UNfVERSllTY OF ROCHESTER CENTER FOR MEDICAL 
COUINTERMEASURES AGAINST RADIATION 
BIOACTIVE PEPTIDES FO'R MrfIGAf!ON OF AGS AND ACUTE 
RADIATION INJURY 
ROLE OF P38 MAPK IN HSC SELF-RENEWAL AND RADIATION· 
INDUCE[) BONE MARROW lNjURY 
RADIATION-INDUCED LYMPHOID AND HEMATOPOIETIC 
TOXICITY 

However, none of the studies are duplicated here. 

Backar.ound information on druas included in the orotocol 
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f'ilgrastim: G·CSF is a hematopoietic cytokine that increases granulocyte regeneration in 
radi,ation-induced myelosuppressed animals ( McVlttie et al 1990, Patchen et al 1990). The 
most relevant study in literature is by Patchen et al (1991 ), where 2.5 µg/mouse G=CSF in 
saline admilnistere.d from 1-16 d following TBI increased the survival benefit (DRF=1.06) 
(Figure 6; from Patchen et al 1991). 

·- ''-· iii~ 

' Saline ro ' V· " - .... •• > ' - G·CSF,+1=16 days -~ 
..... ... -. .. 

"" · .... 2.5 ugtmouse sc ::::i ... ' (fl ' -. ORF' 1.05 ....... ;'lo. '-, . 
o--. W R=2721 30 min c •• ' ·P .... 

ID .... . .. 4 mg/mouse, ip u ' ,_ .... ··-(I) .to ...... ORF1 44 
CL .... , 

' • • · • WR-2721 +G-CSF 0 • f (i , •a l i iZ . .) ... 
ORF 1 64 

Radiation Dose (Gy) 
Figure 6 Etlect ot seine, G-CSF. \l\tR-2721, and\l\IR-2721 +G.CSF treatrnerts on survival of mice C3HAieN mice were 
adminis'leredV\IR=2721 4 mgnnouse, ip) 30 min before Cobet $0 gamma irradiation and G-CSF (2.5 ugllnouse sc) on days 
1 ·16 atter irrediation. each data point represents results obtained from 30 mice. Patchen et al 1991, IJROBP, 22: 773.779 

The proposed study differs from the reported one in that we will use the pharmaceutical grade 
Fllgrrastim in the recommended vehicle, i.e. dextrose. We will use the optimal drug dose 
schedule of 0.17 mg/kg Filgrastim administered 4 h, 1 and 2 d or 1-3 d post-I BI in the strains. 

Ill. OBJECTIVE I HYPOTHESIS We hypothesize that drugs screened in the currenU 
protocol will lead to identifying promising radiation countermeasures in mice that can 
be advanced to efficacy studies in large animal model, and ultimate!ly for human use in1 
the event of a large scale nuclear casualty. 
Due to genetic variations in individuals, the radiation response to the drugs will also 
dif~er. We willl test any promising radiation MCM in three other strains (C3H/HeN, 
C57BL/6 and B6C3F1) for differences in survival. 

15 of 35 



IV. MILITARY RELEVANCE The current lack of radiation protectants (pre-TBI) and 
mitigators (post-TBI) that are safe, effective and approved for use in victims of an 
accidental or deliberate radiation exposure constitutes a major problem for emergency 
preparedness. In the event of a nuclear related accident or terrorist activity, first 
responders will be comprised of the HAZMAT team, military, fire and police 
departments and experts from the Radiological Assistance Program; potentially they 
will all be at risk for exposure. Death is certain at doses of 1 O Gy and above while 
exposure to 2-8 Gy results in severe hemaptopoietic ablation, GI injury and ensuing 
infectious diseases. All triage procedure instructs first responders and other health 
care providers to provide treatment, including antibiotic administration and blood 
product support and supportive care. In a mass casualty scenario, there will be 
significant delays in transport, disruption of communication and overfilling of limited 
hospital resources. At these times, the availability of safe and effective 
countermeasures is a valid alternative for medical management of patients. The 
agents proposed for testing in the current protocol are derived from various 
backgrounds, with abilities such as scavenging of deleterious radicals, increase in 
survival, proliferation and differentiation of hematopoietic progenitors, antiapoptotic, 
enhancement of microbicidal activity, management of radiation-induced bone marrow 
aplasia and immunmodulators. The current AFRRI protocol meets the goals of the 
Department of Defense (DoD) mission in protecting the armed personnel and the 
Human Health Services (HHS) interest of treating civilian population. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

Section V.1.1. 

The ODDS method for determining safe dose (modified up and down procedure 
[UDP]): Previously, we have used the modified up and down procedure at AFRRI for 
selection of a safe dose for radiation studies. This was derived from the original UDP 
tor establishing LOSO toxicity by oral route. The UDP is an in vivo acute systemic 
toxicity test adopted by the US regulatory agencies to reduce and refine animal use 
(OEDC Test Guidelines 42S) which have replaced the conventional acute toxicity test 
method. According to these guidelines, testing can be carried out using 6 animals, the 
animals can be of the same sex (usually females, but males can be used when 
justified) and dosing is escalated in fixed-time interval (48 h) survival outcomes of all 
the animals up to that time. This is especially applicable when there is very little 
information available to make a preliminary estimate of the LOSO dose of the agent 
and the slope of the dose-response curve. In such a case, starting doses near 175 
mg/kg and using half-log units (dose progression of factor 3.2) will increase efficiency 
of animal use and increases accuracy in prediction of the LOSO dose. 

The AFAAl approach is similar to the UDP test, with a few variations. We use 6 
animals/group/dose and stagger the doses over 48 h intervals. Only males are used, 
since all our radiation studies are carried out in male mice. After dosing, the animals 
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are observed continuously for 1 h, and 4 h and then daily for 14 days using the 
observation codes listed (Table 2). After 'the initial 48 h observations, if no changes in 
body weight, behavior, activity, temperature and irritation at injection site. or morlaliiy 
is observed, the drug dose is escalated 3 times (a half log unit, note: a change of 3.2 
times theoretically equals half log unit). If any adverse effect is noted (weight loss, 
decreased or increased activity, death), the dose is reduced to 3 times the tested 
dose. Drug dose for radiation countermeasure studies is 1/41h the non-toxic dose. 
However. when there is sufficient background information about the drug or indication1 
of effective dose, a single dose four times higher than the dose to be used in the 
radiation screening study will be tested as a reduction and refinement strategy. Given 
that 1 or 2 drugs out of 10 may pass the initial screening for radiation, this is a vastly 
preferable procedure to the conventional toxicity study using 2 genders of mice and a 
much larger number. 

Table 2: OBSERVATION CODES 
Normal N Head LH1 

Ears LH2 
Dyspnea A1 Ear-Right LHS 
Tachypnea A2 Ear-Left LH4 

Eyes LH5 
Hyperthermia Bi Eye-Righr bH6 
Hypothermia 82 Eye-Left LH7 

Mouth bH6 
Edema (L) C1 Nose LH9 
Irritation (L) C2 
Erythema (L) C3 Dorsal LD1 
Alopecia (L) C4 Dorsal· Cervical LIJ2 
Piloerection (L) C5 Dorsal-Lumbar 603 
Necrosis (L) C6 Dorsal-Sacral LD4 

Cyst (LI C7 
Abscess (l ) cs Lateral-Right lS1 

Lateral-Left LS2 
Ataxia 01 
Convulsions 02 Ventral l Vl 
Tremors 03 Ventral-Thoracic lV2 
Prostrate 04 Ventral-Abdominal LV3· 
Catalepsy 05 Ventral-Inguinal bV4 

ventral-Inguinal· 
Right LV5 

Lachrymation (L) E1 Ventral-Inguinal· Left LV6 
Exophthalmos (L) E2 Ventral·A){illary-Right LV7 
Ptosis (L} EJ Ventral-Axillary-Left LVS 
Diarrhea E4 
Diuresis E5 Limbs Lli 
Rhinorhea E6 Limb-Fore-Right LL2 

Limb-Fore-Left LL3 
Paralysis (b) F1 Limb-Hind-Right bb4 
Circling F2 Limb-Hind-Left LL5, 

Languid F3 Paws bb6 
Hunched F4 Paw-Fore·R" ht LL7 
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Thin F5 Paw-Fore-Left LLS 
Head Tilt F6 Paw-Hind-Right 1..1..9· 
Lame (L) F7 Paw-Hihd-Left LL10 
Rough Coat Fa Tall 1..1..11 

Procedure: fhere will be six animals per group housed three per box. Each mouse 
will be inaividua.lly monitored for weight changes by standard ear punch/notcn system. 
The punches or holes correspond to a predetermined numbering code for individual 
animals. Here, in a group of three, we will have the right ear punch, feft ear pUJnch and 
no punch to distinguish between each animal. In case of 5 animals, we will have right 
and left punch, right and left notch, and a no punch/notch to identify individual animals. 
The procedure is described under section G (surgical methods or procedures). 

6 groups (1 naTve, 1 vehicle, 4 doses) :x 1 route (sc) x 6 mice per group x 6 drugs 
Subtotal = 216 CD2F1 mice 

l(bl<4
> ~ill be tested via the oral 

rou~e. using oral gavage. 

6 groups (1 na"fve, 1 vehicle, 4 doses) x 1 route (po) x 6 mice per group x 4 drug 
Subtotal= 144 CD2f1 mice 

Intravenous ro,ute:~will be tested via this route. 

6 groups (1 na'ive, 1 vehicle, 4 doses) x 1 route (iv) x 6 mice per group x 1 druig 
Subtotal = 36 C02F1 mice 

lntraperitoneal route:l ..... <b_ll4_> _ ___.lwill be tested via this route. 

6 groups (1 n~five, 1 vehicle, 4 doses) x 1 route (ip) :x 6 mice per group x 1 drug 
Subtotal ; 36 CD2F1 mice 

Section V.1.2. 
Radiation survival stud~f 

1) We will use the LD~70 radiation dose, a dose that resu lts in 70% (±20%) mortality 
within 30 days following exposure. 

2) There are three major arms to the survival study: one prophylaxis (24 h pre-TBI), 
and two mitigation (post-irradiation) arms; viz. 4 hand 24 h post-TBI. 

3) Survival of 2:30% over vehicle is considered the 'pass criteria'. 
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4) Only those countermeasures that meet the AFRRI pass criteria in CD2F1 mice will 
be evaluated in C3H/HeN, C57BL/6 and B6C3F1 strains. 

The efficacy of each drug in enhancing survival of lethally irradiated C02F1 mice will 
b~ testea in both the prophylactic and therapeutic regimen (-24 h, +4 h or +24 h after 
exposure [Oh]) to 60~70 radiation) as described below. Numbers of mice include two 
iterations. 

For each drug, the animal requirement was calculated as follows: 

Drug+ vehicle (2 groups) x 3 regimen (one pre· and two post·TBI) x 1 rad dose (lD~ 
70/30) x 1 route (sc, po, or iv) x 24 GD2F1 mice per group= 144 mice/drug, (Table 3) 

Positive controls 

Vehicle+ 5-AEO control (2 groups) x 1 regimen (-24 h) x 1 radiation dose x 1 route 
(sc) x ·1 o mice per group x 7 iterations Subtotal "" 140 
CD2F1 mice 

Iterations 

Assuming five of the listed agents achieve -30% increase in survival over vehicle, the 
study will be repeated for concordance. 

Drug+vehicle (2 groups) x 3 regimen (-24 h, +4 or +24 h) x 1 radiation dose x 1 route 
(sc, poi iv, or ip) x 24 mice per group x 5 drugs Subtotal = 720 
CD2F1 mice 

Table 3: Preliminarv Radiation survival Studies in CD.2F1 (LD-70dose} 

List of agents selected FV13 countermeasure program 

Drug Vehicle Route Administration time point(s} # o1 
Prophylactil animals 

c Therapeutic 
lUJ(4) /JO -4; 3, 2, 1 d +4 h; 1- 3 d +1- 4 d 

PBS -1 d +4 h, 2 d +1 , 2 d 
144 

SC 

PBS po -4, 3, 2, 1 d +4 h, 1- 3 d +1- 4 d 144 

PBS SC ·1 d +4h +1 d 144 

PBS SC -1 d +4 h +1 d 144 

PBS SC -1 d +4 h +1 d 144 

Saline SC ·3, 2, 1 d +4 h, 1, 2 d +1, 2, 3 d i44 

SC -1 d +4 h +1 d 144 
Saline {JO ~4, 3, 2, 1 d +4 h, 1 ~ 3 d +1 ~ 4 d 
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b)(4) f)O ·4, 3, 2, 1 d +4 h, 1- 3 d +1 ~ 4 d 
PBS iv -1 d +4 h +1 d 

i44 

PBS ip -1 d +4 h +1 d 144 
- - -

Sub-Total CD2F1 m1ce=1296 

MCM efficacy of lead countermeasures in different strains 

fhere are inherent differences in response to total/partial body ionizing radiation 
arising from genetic differences in the same species. Certain drugs that improve 
surviva'I following TBI in one mouse strain will not necessarily show similar: efficacy in 
another sVarn. An ideal countermeasure should be able effective across strailn 
variations. To this endfb>t4> ~irective is to test the gold standard, Filgrastim, in 
several strains. Simllarly, AFRRI intramural funding supports development of 

fb>(4) I 
Table 4: Countermeasure efficatv in mouse strains; C3H/HeN C57BL/6 and B6C3F1 

Drua Vehic le Route Pre-TBI Post-TBI Post-TBI #animal,s 
bJ\qJ PBS SC -1 d +4 h +1 d 144 

Filgrastim·• 5°/o 
SC -1 d +4 h, 1, 2 d +1, 2; 3 d 144 dextrose 

·rhese two agents showed significant mitigation in CD2F1 mice previously= hence no 
CD2F1 mice will be re~uired . 

Number ·Of mice tf!guired for V.1.2. (Table 5) 

Strain C3H/HeN C57BL/6 B6C3F1 CD2F1 
#of mice needed 288 288 288 0 

Sect.ion V.1.3. Ogt~aiion studies: Optimization studies will be initiated in CD2F1 
mice only if any of the drugs tested meets the AFRAI criteria of >30% survival than 
vehicle in the preliminary radiation survival screen. Assuming that three of the eleven 
drugs meet the AFAAI criteria, we request animals to carry out optimization studies 
and OAF for three drugs. 

Drug do~H~ ·Optimi2ation study: 6 groups (Five drug doses+ 1 vehicle) x 1 radiation 
dose (LD-70) x 2 regimen (pre- and post-exposure) x 1 route (sc1 iv, or po) x 3 drugs x 
24 animals per group Subtotal = 864 CD2f1 mice 

lime optimization study: 4 different time points x 1 optimum dose + 1 vehicle (2 
groups) x 1 radiation dose (LO· 70) x 1 route ( sc, iv, or po) x 3 drugs x 24 animals per 
group Subtotal = 576 CD2F1 mice 

Sectjo_n~V.1.4. Qo~se. re'-du~c_tion factor sJud_y_(DRF): 

Tlhe dose redudion factor (ORF) studies will use the optimum drug dose and times to 
evaluate the ef'fectiveness of the drug against a range of radiation dose in CD2F1 
mice. 
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6 irradiated vehicle groups (8.5, 9, 9.5, 9. 75, 10 and 10.5 Gy, 0.6 Gy/min)* + 6 
irradiated drug groups (8.5, 9, 9.5, 10, 10.5, and 11 Gy)* x 24 mice per group x 3 
drugs. Subtotal = 864 CD2F1 mice 

*These radiation doses are projected based on an earlier probit study and are considered a guidance. 
The appropriate radiation doses will be determined using the new dosimetry map (02/28/2013) 

Section V.1.5. Hematology, clinical chemistry, and bone marrow studies .These 
studies are anticipated only for those candidates that demonstrate 30% increase in 
survival. Data from these studies will form the basis of understanding the mode of 
action of the drug, 
Na"ive +vehicle+ drug alone (3 groups) x 7 time-points x 1 o mice per group x 1 route 
of administration x 2 drugs Subtotal = 420 CD2F1 mice 

2 experimental groups (vehicle-irradiated, Drug-irradiated) X 7 time-points X 1 o mice 
per group x 1 route of administration X 2 radiation doses x 2 drugs = 560 CD2F1 
mice 

V.2. Data Analysis All data will be reported as means with standards errors or 
percentages where applicable. Experiment V.1.1 (ODDS) -probit analysis will be used 
to generate LO 50 of the drugs under study using PASW Statistics (version 18). V.1.2 
(preliminary survival study) and V.1.3 (Optimization study)- Using calculations based 
on log rank test with 80% power and 5% two-sided significance level, we have 
determined that this protocol design has adequate power for screening purposes. The 
standard for declaring a test promising is a 30 percent increase in survival over vehicle 
from a radiation dose producing approximately 70 percent mortality (±10%) in the 
vehicle group. With N of 24 for the vehicle and treated groups this has a one-tailed p 
value of approximately 0.001 and with N of 20 this has a one-tailed p value of 0.005. 
This low p value is required, rather than the usual 0.05 for significance, which would 
use fewer mice, due to sources of intrinsic variability in the biological system that 
cause departure from the underlying assumption of independence, e.g. occasional 
cage effects where most or all the mice co-housed in one cage (4 mice per cage) die 
due to infection. Therefore, further reduction of N below 24 is not feasible. Experiment 
V.1.4. (Dose Reduction Factor study)- In past experience, 20 animals per dose with 
six radiation doses has been sufficient to determine a probit line fit to mortality data for 
ORF calculations. At least three out of the six doses should sustain survival other than 
100 or 0 percent. Finney's methods will be adhered to in making probit fits and 
estimating DRF. 
Experiment V .1.5: For testing the overall difference between groups (averaging over 
time points}, a repeated measures ANOVA with 6 animals per group measured at 7 
time points will have 80% power to detect a difference of 0.91 standard deviations if 
the within-subject correlation is 0.2. For comparisons between groups at a single time 
point, the proposed sample size will have 80% power to detect a difference of 1.8 
standard deviations between groups, based on at test for independent samples with a 
5%, two-sided significance level. Previous studies have yielded differences of this 
magnitude. 
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V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered Although high throughput screening and 
computer modeling have advanced significantly in recent years in identification of 
promising drugs, it would be slmplistic to assume that cell systems or artificial 
intelligence modeling can replace the data that can be generated by using an animal 
model. Irradiation of animals will result in a cascade of changes including death of 
stem and progenitor cells in bone marrow, alterations in signal transduction pathways, 
multiple organ dysfunctions etc. due to differing radiosensitivities of organs. Currently, 
there are no alternatives in existence that can predict or compute the complexity of the 
response to total body irradiation. The US FDA recognizes the ethical considerations 
involved in testing the efficacy of radioprotective drugs in humans. Therefore FDA 
requires preclinical drug assessments (safety and efficacy) to be performed using both 
small and large animal models (FDA 2002) prior to granting approval for safety testing 
in humans. 

V.3.2. Animal Model and Species Justification Recent advances in molecular 
techniques have allowed significant improvements in understanding the cellular and 
biochemical processes. These advances are possible only due to whole animal 
modeling of human ailments. The mouse, in particular, has high sequence homology 
to humans at a genomic level as well as similar hematological and immunological 
response to radiation. Mouse models not only confirm primary pathological processes 
but have also provided a venue for studying basic molecular, cellular, biochemical, 
and cytological processes. Further, there are extensive data on the mouse for 
comparison, review and analysis. The practicalities of breeding and housing these 
small mammals have made the mouse model invaluable. The Principal Investigator's 
group at AFRRI has significant training and experience in handling mice in radiation 
countermeasure studies. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species: Mouse, Mus musculus 

V.3.3.2. Strain I Stock: CD2F1, C3H/HeN, B6C3F1 and C57BL/6 

V.3.3.3. Source I Vendor: CD2F1, C3H/HeN, B6C3F1from Harlan Inc., VA, and 
C57BL/6 from Charles River Laboratories or Jackson labs. 

V.3.3.4. Age: (procurement) 7-8 weeks 

V.3.3.5. Weight (delivery) 25-30 grams 

V.3.3.6. Sex Males have been used historically and will continue to be used in this 
study. 

V.3.3.7. Special Considerations Commercially procured animals must be 
adventitious disease free. Specific pathogen-free, including Pseudomonas 
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aeruginosa, and Pasteurefla: All mice need to be free of the following agents: Sendai, 
Pneumonia Virus of Mice (PVM), Reovirus-3 (Reo 3), Mouse Adenovirus (MA0-1 , 
MA0-2), Mouse Cytoniegalovirus Virus (MCMV}. Ectromelia, K virus, Lymphocytic 
Choriomeningitis Virus (LCM), Epidemic Diarrhea of Infant Mice (EDIM). Hantaan 
virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse Minute Virus 
(MMV), Mouse Thymic Virus (MTV), Theiler's Mouse Encephalomyelitis Virus 
(TMEV/GDVll). Encephalitozoon cuniculi. CAR bacillus, Mycopfasma pulmonis, and 
Clostrldivm piliforme. Endoparasite- and ectoparasite-free. 

V.3.4 N b f A . I R . ed ~ um er o nima s eau1r y_ scec1es a e . )JT bl 6) 
Anlmal (genus. species aria common Orlglnal 

names) 

CD2F1 5872 
C57BL/6 288 
C3H/HeN 288 
86C3F1 288 

Total number of animals in different fund sites (Table 7} 
Site number C57BU6 C3H/HeN B6C3F1 CD2F1 

G1820814 144 144 144 2780 

G182HF13 0 0 0 1440 

RAB2GY14 144 144 144 1652 

V.3.5. Refinement, Reduction, Replacement (3 R's) 
V.3.5.1. Refinement: P l will take necessary steps to all personnel in the project to be 
rigorously trained in handling techniques (ear-punch , injections, oral gavage, 
intraperiloneal injections, and routine cage-side observations) to minimize distress and 
pain to the animals. Specifically, during capture and restraint of the rodents, care will 
be taken to ensure that handling does not contribute to distress. T apical 
ointment/lubrication gel will be used, if necessary, to prevent drying of the cornea as 
well as at the site of drug injection in consultation with attending veterinarian and 
veterinary staff. 

V.3.5.2. Reduction The protocol will use a tiered approach to reduce the number ot 
animals for testing 10 drugs/year. Although basic toxicity and survival will be carried 
out on all 1 o drugs, additional studies will depend on the initial results. Positive 
controls and negative controls are used to confirm robustness of experimental 
conditions and drugs that don't meet our minimal criteria of 30% increased survival 
over the vehicle control will be eliminated. Based on previous experience, we have 
proposed 1that only 3 drugs out 1 o may be advanced for optimization and dose 
reduction factor studies (see section V.1 .3 and V.1.4). Further, control groups {such as 
vehicle) will be shared whenever possible between drugs that are dissolved in similar 
vehicles (for example Phosphate buffered saline-PBS). In classical toxicology testing, 
groups of 10·20 mice and both sexes were routinely used; in using the ODDS method 
(current protocol), we reduce the number of animals to 6 per group, and use only 
males, thereby reducing animal numbers significantly. Five drug doses have been 
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proposed for toxicity screening; however, in some cases a smaller number (i.e. 3) 
might 'be selected based on literature search and recommendation by the 
manufacturers. Similarly, several route!5 of drug administration have been 
contemplated in the experimental design; but depending on the existing data and 
company suggestions, a single and optimal route may be chosen. Wherever possible 
we have reduced the number of repeats planned for the experiments shown above. 

V.3.5.3. Replacement It is not feasible to use non-animal systems in place of actual 
animal models to address the questions in this project. Rodents are considered 
sentient and hence rodents will be used for screening large number of potential 
radiation countermeasures. Only those drugs that pas-s the AFRR I criteria for 
significant survival benefit will advance to studies in higher mammals. 

V.4. Technical Methods 
V.4.1. Pain I Distress Assessment 
V .4. 1 .1. AIPHIS Form 7023 Information 

VA.1.1.1. Number of Animals 6736 

V.4.1.1.1.1. Column c ___ a_(# of animals) 

V.4.1.1.1.2. Column D _ 852_ (#of animals) These mice have the potenitiall to 
be sickand die due to drug administration (toxicity study, #432) or will have blood 
collected via cardiac stick or the inferior vena cava. 

V.4.1.1.1.3. Column E 5884 (#of animals}. These mice will be irradiated 
and will not receive any intervention for pain relief. However, they will be euthanized if 
found moribund. 

V.4.1.1. 1.4. Pain Categorv Asslanrnents: (Table 8) 
EXD.# ExDerimental/Control GrouD c D E Totals 
V.1.L OO'OS saretv/toxicitv studv 432 4~2 
V.1.2. Radiation survival s1udies 3020 3020 
V.1.3, Ootirnt:zation studies 144!0 1440 
V.1.4, Dose reduction factor studies 864 86'4 
V.1.5. Hematology, cllnical chemistry and bone marrow 420 560 9'80 

sMlies 
Totals: 852 5884 6736 

V.4.1.2. Pain Relief I Prevention Minimizing and alleviating pain in laboratory animals 
without compromising the methodological integrity of a research project is important 
both ethically and legally. Pain in animals is difficult to access. mostly due to lack of 
methods that can validate and objectively measure it. 

V .4.1.2.1. Anesthesia I Analgesia I Tranqu i lization The protocol will not use 
anesthetics or analgesics during radiation since they will adversely affect the outcome 
of the experiments. The proposed study is to determine the effects of radiation and 
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countermeasures on the function of the immune and blood forming systems; use of 
any analgesics and anesthetics would interfere with the function of the immune system 
and therefore compromise the interpretation of the results. It is anticipated that at high 
radiation doses, animals wi ll demonstrate varying degrees of morbidity and moribund, 
which makes it critical to define the criteria for euthanizing the animals without 
undermining the study objective. Euthanasia will be performed by trained personnel in 
accordance to the current AVMA guidelines (AMVA Guidelines on Euthanasia, 2013). 
In toxicity studies, if animals show discomfon (hunching, decreased activity, 
inappetence, separation from cage~mates). that animal will be under carefu l 
observation on consultation with the attending VSD veterinarian. If the animal 
becomes moribund (defined in V.4.5.), it will be euthanized. Antibiotics will be a.pplted 
iW wounding occurs via in-cage fighting, under the guidance of the clinical veterinarian 
in accordance with standard treatment measures. 
Anesthesia using standard lsoflurane apparatus under the guidance of the YSD will be 
carried out in mice receiving intravenous injections and for blood collection. All 
personnel will be extensively trained for efficient administration of the agents as well 
as to minimize handling stress. 
Animals wlll be placed in the lsoflurane chamber and delivered a metered amount of 
5% lsoflurane mixed with 100% oxygen until all voluntary motor movement ceases 
and the animal is recumbent for 10 seconds. Animal's respiration rate will be closely 
monitored through the Plexiglas chamber during induction of anesthesia. When 
animals are recumbent, they will be removed from the chamber and the ir nose/mouth 
placed in the anesthesia apparatus breathing/gas administration cone tor maintenance 
of anesthesia at 3% lsoflurane and 100% 0 2. 

V.4.1 .2.2. Pre- and Post-procedural Provisions Mice will be housed under standard 
conditions both before and after radiation procedures in accordance with current VSD 
rodent husbandry Standard Operating Procedures (see section V.5) . 

V.4.1.2.3. Paralytics: NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures. 

V.4.1.3.1 . Sources Searched AGRICOLA, PubMed. EMBASE 

V.4.1.3.2. Date of Search 12/10/2013 

V.4.1.3.3. Period of Search AGRICOLA: 1975~2004, EMBASE 1974-present 
PubMed .... 1950 to present. 

V.4.1.3.4. Ke Words of Search Radiation and ain 
Fil rastim 
< and pain, 

and (drug name]+toxicity; anesthesia, analgesia, distress, humane. 
In order to increase specificity of literature review, several combinations such as 
radiation plus specific drug, mice plus specific drug, radiation plus specific drug plus 
mice were evaluated. 
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V.4.i .3.5. Results of Search There are no alternatives to irradiation. While radiation 
itself does not cause pain or distress. it induces a number of changes in the body tha1 
alters immune response and destroys hematological tissues, resulting in opportunistic 
infections, and multiorgan dysfunction leading to death. It is anticipated that animals 
exposed to high lethal radiation doses wi ll become moribund. Unfortunately, literature 
clearly demonstrates that use of analgesics alters radiation response and therefore 
leads to increase in animal number for better statistical results or for iteration of entire 
experiments. The nonsteriodal analgesicl[b)(4l lis reported to decrease the effect 
of radiation therapy in head and neck cancer cells (Czemirek et al 2009). Ginseng, 
with known analgesic properties, is a potent radioprotector (l ee et al 2005). 
No references were found suggesting distress due to the drugs, though some drugs 
are well documented as having side etfects associated with the pathophysiology of 
biological response to the j$1(~· l or instance,l(bl<4l tncreases white blood 
cells and platelets, as does Filgrastim is documented as causing bone pain, but 
is well tolerated in human volunteers.11b)<a) l is reported to cause feelings of 
discomfort, lower back pain, decreased appetite and diarrhea. 

V.4 .. 1.4. Unalleviated Painful or Distressful Procedure Justification: Because 
exposure to irradiation is potential ly lethal or cause debilitating effects in humans, it is 
ethically impermissible to test the effectiveness of radiation countermeasures on 
human volunteers. Irradiation compromises the immune and blood forming systems 
leading to mortality. The radiation=induced mortality and potential percentage increase 
of survivors over 30 days using potential radiation countermeasures are study 
endpoints for this protocol. Administration of drugs and analgesics is not an option 
since it is well documented that they interact with the immune system which will 
confuse the interpretation (Galley et al, 1997, 1998). Pain relieving measures are not 
used because such measures may compromise the experimental integrity of the 
study. 

V.4.2. Prolonged Restraint : The experimental anmmals will receive radiation at a 
dose rate 0.6 Gy per/min in the AFRRI Cobalt 60 gamma rad iation facility. Animals will 
be irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
02/2.S/2013;or the latest dosimetry map) using plastic racks. Mice will be inserted into 
the standard radiation boxes just prior to irradiation (- 15 min of exposure time) and 
taken to the cobalt facility for irradiation. Animals will be restrained for no more than 60 
min and returned to cages at the end of the irradiation period. They will be monitored 
dally {twice a day when necessary) for 30 days and euthanized at the completion of 
the observational period. 

V.4.3. Surgery; N/ A 

V.4.3.1. Pre-surgical Provisions: NIA 

V.4.3.2. Procedure(s) : N/A 
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V.4.3.3. Post-surgical Provisions: N/A 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon : NIA 

V.4.3.6. Multiple Major Survival Operative Procedures: NIA 

V .4.4. Animal Manipulations: 
V.4.4.1 Ear punch: Three animals/group will be housed per shoe box during toxicity 
study (section V .1.1.). They will be identified by ear punch (one animal will have a right 
punch, the second will have a left punch and the third will have no punch). 

Procedureforea~punch 
a. Soak the ear punch (Fine Science Tools, Cat# 24212) in a disinfectant (100% 

ethanol) before use and between animals. 
b. Place the device on the pinna of the ear (external ear) where the skin is thin 

avoiding the cartilage. 
Press firmly to punch a circular hole through the ear 

For the oral route, drug(s) will be administered using a 20 G gavage needle 
(Fisherbrand-Animal feeding needles, disposable-sterile, non-toxic and nonpyrogenic-
20 G, 1 W' length). Non-disposable, metal ball ended, oral gavage needles are 
included as an alternative to the disposable needles. Drug volume will be 0.2 ml (with 
a maximum of 0.5 ml). The animal will be restrained in a vertical position to align the 
spine straight. The bulb will be introduced into the mouth horizontally. Using the 
needle as lever, the syringe will be moved into a vertical position and the needle 
dropped down the esophagus into the stomach. The needle contents will be 
administered when the needle hub touches the animal's mouth. All precautions will be 
taken to ensure that the placement of the needle is properly positioned and that the 
animal is not struggling severely. No forceful feeding will be done to prevent 
perforation of the esophagus. 
Intravenous injections: Mice will be anesthetized as described earlier, in the 
lsoflurane units. Once deeply unconscious (tail or toe pinch), the animals will be 
moved to a station with nose cone for continued anesthesia. The tail will be cleaned 
with alcohol and the test agent injected to the tail vein using a 25 or 27 G needle. Mice 
will be returned to their cages and monitored until they recover before being placed in 
their assigned rooms. Heat packs, warm platform, or heat lamps may be employed 
during anesthesia to prevent hypothermia. 

Irradiation: These will follow the standard AFRRI protocol with mice placed in 
restrainers shortly prior to exposure, irradiation at the cobalt facility and return to VSD 
for further monitoring. Briefly, the experimental animals will receive radiation at a dose 
rate 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be 
irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
02/28/2013) using plastic racks. Animals will be restrained for no more than 60 min 
and returned to cages at the end of the irradiation period. They will be monitored daily 
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(twice a day when necessary) for 30 days and euth anized a:t the completion of the 
observational period. In case of non-lethal exposures, mice will be harvested at 
specific time-points after irradiation, and tissues collected after terminal blood draw. 

Blood c,ollection: Mice will be anesthetized as described under section VA.1.2.1 
(anesthesia). Blood draw for hematology is collected either by cardiac stick or irom the 
inferior vena 1cava (IVC). The animals will be deeply anesthetized in the rodent 
anesthesia machine: the tail will be pinched for reflexive movement, indicative of 
insufficient anesthesia. If there is no response, the animal will be moved to the sta1ion1 
with individual nose cone for continued anesthesia. An incision will be made on the 
right snde below the abdomen of the animal, closest to the IVC, the vef n exposed and 
blood drawn with a .23 G needle. Similarly, cardiac stick will be performed on the 
animal positioned at the !Platform under anesthesia. In both cases, the animals will be 
immediat1ely euthanized on completion of blood draw by cervical dislocation. 

V.4.4.2. Injections: The vehicles for the different compounds depends upon sollubility 
and include sterile water for injection, phosphate buffered saline, polyethylene glycol-
400 (PEG-400). Based on literature data, PEG-400 is associated wif'h limited 
radioprotective property and hence will be administered as a control in a given study. 
Because there is a drift in LD10130 over time each experiment requires an internal 
vehicle group from the same batch of mice. Subcutaneous injections will be given with 
either ,23 or 25 G needle to the nape of the neck of 0.1 ml (maximum volume 1 ml for 
25 to 38 g animals). Intravenous injections to tail vein will use a 25 er 27 G needle in a 
volume of 0.1 ml per mouse (maximum volume-0.2 ml for 25 to 38 g 
animals).lntraperftoneal injections will be given with either a 23 or 25 G needle in a 
volume of 0.25 ml (maximum volume 1 ml for 25 to 38 g animals). Disposable sterile 
needle will! be used for all sc and iv injections. One needle will be used per cage 
containing generally 4 animals, The purpose of the table shown below is to provide 
available information for the drugs to be tested, The information in the table should be 
considered only as guidance. It should be noted that the fnformation on several drugs 
is incomplete since material transfer agreements (MTA} are not in place and the 
companies have not shared information with us. Once MT As are in place. the Pl will 
request additional information on the drug including details of preferred vehicle, pH, 
osmolarityi endotoxin level, schedules. and the route of injection, from the 
collaborator/manufacturer (if purchased in the openi market or through a 
phannaceutlcal company [pharmaceutical grade]). It Is expected that the asmclarity 
will not be more than AFRRI IACUC's recommended levels (Policy#9). Further, ODDS 
method clearly states that the Pl will decide on the drug dose based on limited toxicity 
studies unless otherwise provided by the collaborator/drug manufacturer. The Pl will 
initiat,e ODDS method using a safe dose (using the data provided in the Table shown 
below) or a dose recommended by the collaborator in order to obtain the best drug 
dose for survival studies. 

Table 9: Physical characteristics and vehicles for the countermeasure agents 
Projected pH 

Druq Vehicle Dosaae"' ranae Endotoxin levels Grade 
(b)(4) PEG-400 30 maikq 6-8 Not done .. N-PG 

PBS 2000 ua/ka 7 0.014 EU/ml N-PG 
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,DJ(4) PBS 50 rna11<0 ¥ <0.0025 EU/ma N-PG 
Saline 150 mo/kQ ¥ Not done ... N-PG 
PBS 100-250 µg/kg 7·7A Not done•• N-PG 

PBS 350-750 µgl!Sg ¥ Not done-- N-PG 
PSS 100 UQ{ka ¥ Not done"· N~PG 

PBS 180 mg/kg 6 <0.05 EN/ml N-PG 
PBS TBD ¥ Not done""' PG 

Saline 250 ma/ka ¥ Not done·· N-PG 

PBS 2.5 mg/kg ¥ Not done•• N°PG 
PBS 1-8 ma/ko 7.4 .. 0.001 EU/mo N-PG 

Filgrastim 5°/o 
dextrose 0.1 7 mo/kQ 5.3 NIA PG 

•These doses should be considered only as guidance. Actual drug doses will be determined by 
IPI based on .additional information made avaiiable from collaborators/manufacturers and/or by 
ODDS test PG=pharmaceutical grade; N°PG=non pharmaceutical grade drug 
v. To be evaluated, 
··Endotoxin testing for all drugs will be completed prior to any animal testing at AFRRI and a 
report submitted for IACUC/VSO review and approval. The endotoxin tests are conducted by 
Charles River Laboratories. Al the same time, pH will be tested to ensure that it falls In the 
range (6-8 for sc administration) stipulated by IAC UC. 

However, if there are significant changes in the protocol including drug dose or route 
of adrnini.stration. the Pl will initiate an IACUC amendment prior to evaluating that 
specific drug. 

V.4.4.1.1. Pharmaceutical Grade Drugs We will use pharmaceutical grade 
Filgrastim, 5% Dextrose, andl\b)(a) I All attempts will be made to obtain 
pha.rmaceutlcal or veterinarian grade drug(s) for the protocol. However, most drugs 
listed her•e are of research grade. 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs Some of the drugs (egJ(bl<41 I 
f6l14> I under study will require a carrier such as poly ethylene g~ycol 
(PEG 400). All drugs will be tested for endotoxin levels if this information is not 
supplied by the manufacturers. Physical characterization, including osmolality and pH 
of final solutions will be in the range stipulated by IACUC by its policy lette.r on test~ng 
non=pharmaceutical grade drugs (policy #9). We do not anticipate filtering the test 
agents due to the limited availability of drugs, and uncertainty as to how much of the 
drug will be filtered out. However, we will ensure that drug preparation is carried out 
under hygienic conditions (use of PPE, clean surface area for drug preparation, use of 
clinical rade solvents to reclude contamination of test samples. 

(bl<
41 an inhibitor of microtubule 

polymerization wiiU be injected intraperitoneally (ip) into mice (0.5% in saline) 2 h 
before euth~nasia and c. ollection of bone marrow cells for :rocessing chromosomal 
aberrations 1n metaphase spreads .... 1<6_><4_t_(b)-<6_) _____ _,J 

V.4.4.2. Biosarnples: NIA 
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V.4.4.3. Adjuvants: N/A 

V.4.4.4. Monoclonal Antibody (MAb) Production: N/A 

V.4.4.5. Animal Identification Generally, cage cards will be used to distinguish drug
treated and control groups. Some experiments might necessitate ear punch or notch 
by personnel to identify individual animals in a cage. Ear punch is performed as 
described in V.4.4.1 ). 

V.4.4.6. Behavioral Studies: N/ A 

V.4.4.7. Other Procedures: N/A 

V.4.4.8. Tissue Sharing All tissues from the animals used in toxicity study will be 
preserved for histopathological analysis by the VSD pathologist. The pluck method will 
be used to harvest all the organs from tongue to rectum, brain, sternum, femur and 
blood may be collected at euthanasia. Tissue from irradiated mice (brain, GI, spleen, 
lung, liver, kidney) will be collected for histopathology at intervals. 

V.4.4.9. Animal By-Products: N/A 

V.4.5. Study Endpoint The time frame for experiment V.1.1 (basic toxicity) will be 14 
days after final drug dose administration (for instance, oral gavages are administered 
once a day for four days and the day of the last dose is considered day 0). 
The radiation survival studies will span 30 days after radiation exposure (experiments 
V. 1.2, V.1.3. and V.1.4.). Serial sampling by terminal procedures is projected on 7 
different time points after drug or irradiation for experiment V.1.5. 

It is anticipated that the animals involved in these studies may succumb to death 
either due to a drug administration or radiation or a combination of the two. To 
maintain a suitable baseline for humane treatment of the animals while adhering to the 
study objective, the IACUC recommendations stipulated in Policy Letter #10 will be 
implemented for judging morbidity and moribundity. Signs of morbidity in the mouse 
include difficulty in breathing, ruffling of hair, drying of lachrymal fluid, fall in body 
temperature, loss of appetite with/ without diarrhea. Morbid animals will proceed in the 
experimental observation to sustain survival accuracy and to monitor the efficacy of 
drug intervention. No supportive care is proposed, but the morbid mice will be 
examined at least twice daily, early morning and late afternoon by the research staff 
(including weekends and holidays) in addition to the regular VSD health checks. 

The moribund condition is defined as a clinically irreversible condition leading 
inevitably to death. Animals involved in experiments that may lead to moribundity or 
death will be monitored daily by personnel experienced in recognizing signs of 
moribundity (illness, injury, or abnormal behavior) for at least the following: abnormal 
posture, rough hair coat, head tucked into abdomen, exudates around eyes and/ or 
nose, skin lesions, or abnormal breathing, difficulty with ambulation, cyanosis, 
decreased food or water intake, or self-mutilation (Toth 1997, AFRRI policy #1 O). 

Animals will be will be immediately euthanized when they display abnormal 
breathing, are recumbent, or unable to respond to mild external stimulus by the 
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research staff and scored as dead on removal, while recorded as euthanized in the 
medical records. VSD veterinarians will be consulted for all matters regarding the 
animal welfare. 

V.4.6. Euthanasia Mice found moribund will be euthanized by C02 inhalation plus 
confirmatory cervical dislocation by investigator/ technician according to the directives 
of the VSD-SOP and in accordance with current AVMA Guidelines on Euthanasia 
(AMVA 2013). At the conclusion of the experimental time frame, all animals that 
survived the procedures of irradiation, drug intervention and controls, will be sacrificed 
by C02 inhalation plus confirmatory cervical dislocation and their carcasses disposed 
of according to VSD regulations. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations The AFRRI vivarium follows stringent protocols for 
the housing and care of all animals. The Pl and designated team members will adhere 
to all the policy and guidelines set forth by standard operating protocols of the VSD. 
The specific requirements for mice housing should meet the following criteria of 
opportunity for social interaction, opportunity to carry out normal behavior and the 
opportunity to rest and withdraw from each other (AWIC website). Mice are social 
animals and hence will be caged together in groups of 4 or 8. For ODDS testing, mice 
will be housed in groups of 3 or 5 mice per cage and identified individually as 
described. Nestling pads will be provided in each cage during bedding changes. In 
cage shelters will also be provided as an enrichment strategy at the discretion of the 
Pl depending on experimental conditions. Animals will receive Harlan Teklad Rodent 
Diet (w) 8604 and water ad libitum. Acidified water (pH 2.5 - 3.0) is routinely provided 
to AFRRI mice used in radiological experiments. Cages will be regularly changed and 
cleaned by VSD staff in accordance with Standard Operating Procedure. Animals will 
have 12 h light/dark cycle. Animals will be habituated to their surroundings and routine 
procedures prior to experimentation. In the event of procedures that last into the night 
cycle, care will be taken to minimize exposure to light and the quality of light used will 
be of the diffused, dim type. 

V.5.1.1. Study Room As assigned by VSD 

V.5.1.2. Special Husbandry Provisions N/A 

V.5.1.3. Exceptions Mice will be socially (group) housed as described above, except 
when there is a possibility that during survival studies cage mates may be lost through 
attrition and for a period of time the sole surviving mouse may remain singly housed 
until the end of the 30-day study. 

V.5.2. Veterinary Medical Care We do not project routine veterinary medical care. 
However, in some cases of drug testing, if the mice are anesthetized, we will use a 
topical lube to prevent the eyes from drying out, on consultation with the VSD. Further, 
in case of minor injuries arising from fighting, topical application of antibiotics is 
acceptable with consensus from the Pl and VSD. 
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V.5.2.1. Routine Veterinary Medical Care Experimental animals will be observed 
daily by either the investigator or technician or both . VSD personnel will monitor all 
animals during their routine rounds as per VSD SOPs. In the course of the study, as 
animals approach morbidity, the research staff observations will be increased to a 
minimum of twice a day, early morning and late afternoon (includes weekends and 
holidays). There is no supportive therapy contemplated since this would compromise 
the experimental results (described earl ier in the end point and pain category 
sections). 

V.5.2.2. Emergency Veterinary Medical Care Moribund animals (gasping, 
recumbent, non-responsive to mild stimulus} will be euthanized by trained personnel. 

V.5.3. Environmental Enrichment: As provided by the husbandry staff to animals 
not on active experiments. 

V.5.3.1. Enrichment Strategy Nestling pads will be provided in each cage during 
bedding changes as per AFRRl=VSO SOPs. 

V.5.3.2. Enrichment Restrictions 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING Table 10· 

NAME DEGREE TRAINING DATE PROCEDURES 
1. 3, 4b, 5 
1, 3.3d. 4a,4b,5, 7" 

1. 3. 4a, 5 

roce ure an 1an pu a on o es: 
Code 1• Animal handling and euthanasia 
Code 2· Su19w)I (aseptic teehniqvei pre· and post·operalive care 
Code 3• lnjec1ions (3a-lp, 3b·sc. Sc-gavage) ·can say 3 if i rained in all manipulations or add 3d·lv 
Codo 4• Blood oolloction undor anosthosi::i (4a·catdiac. 4b·postoiior vena oava) 
Code 5,, T'1ssue collection (after euthanasia) · doesn't need to be specific 
Code 6 = Implantation (provide details} 

YRSMOS 
EX~IENCE 

Code 7 a Otlhers • (rprovlde protocol specific manipulations or procedures !or e.g., retro·orbltal bleeding. tail vein injection. or drug 
<J!olllvory) 
•Trained in retro-orbital injection, tail vein injection and tumor implantation. 

VII. BIOHAZARDS/SAFETY All personnel working in the protocol have undergone 
necessary training in handling experimental animals. The amount of drug used will be 
small and standard safety precautions will be taken while handling them in the 
laboratory and in the vivarium. All personnel listed in the present protocol have been 
trained as general radiation users on a regular basis. All investigators and personnel 
will use appropriate protective gear while in the vivarium as described by the VSD. All 
listed personnel are current in safety training and medical surveillance. 

VIII. ENCLOSURES none 
.B.efe re.nces 
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X.ASSURANCES 

Protocol Title: Radiation Countermeasure Screening for Protection and 
Mitigation in the lab Mouse, Mus musculus. 

As Iha Principal Investigator on this protocol, I acknowledge my responsibi lities and pro\llde 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC prior 
to its implementation. 

B. Dtfplication of Effort: I have made every effort to ensure that this protocol is Mt an 
unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with '.il qualified individual who evaluated 
the experimental design with respect to the statistical analysis. and that the minimum number of 
animals needed for scientific validity will be used. 

D. Biohazard I S8fety: I have taken into conside~ation and made the proper coordination 
regarding all applicable rules and regulations concerning radiation protection, biosafety, recombinant 
issues. and so forth, in the preparation of this protocol. 

E. Training: I verify that rhe personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained io 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures 
I manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health . comfort, welfare. and well·being of the 
research animals. Additionally. I pledge to conduct this study in tho spirit of the fourth "A", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has fecelved appropriate peer scientific 
review and is consislent with good scientific research practice. 

H. Painful Procedure(s) : ~/ AM NOT conducling biomedical experiments, which may 
potentially cause more t ry or slight pain or disbess to animals. If applicable, potential pain 
and/or distress WILL I WILL NO be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have cons dere alternatives to such procedures; however, I have determined that 
alternative procedures are not available to accomplish the objectives of this proposed experiment. 

fb>(~ I 
Principal Investigator (Printed Name) 

_2-5-2014 
Principal Investigator (Signature) {Date) 
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UINIFORME1D SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
ARMED FORCES RADIOBIOLOGY RESe:AF!CH INSTITUTE 

B901 WISCONSIN AVENUE, BUILDING <12 

BETHESDA, MARYLAND 206B!Hi608 

July 28, 2015 

MEMORANDUM FOR: IACUC Administration 

SUBJECT: Unexpected outcome of the studyJ._16_H_6l _______ lamendmentiil<b)(BJ 

A.; part of 11~d(b)(4) l ountermc::asure screening program under IACUC proror.:co~J~l~~ ---------' 
was begun on Tuesday. July 14, 201 5 to test synthetic pre-implanrntion factor (bl<4l as a pot.ential 
·r~u.Ji:ttion countcrmeasmc. Dru£ci(b)<¥) ~ir vehicle) was injccred twice a day for 14 ll:.tys as described below 
<Table I J. 160 animuls were included in this study as follows; 

Table 1.110110! IDesi1m for r:idiution cou11tt:nnt::t.,ure screenini;i with sPiif, sc 

Group# Cage# Drug Dose Volume Route Atlmin ( l ime) 

I :i-t> 1-1 Pl:iG 0.11111 Si: -I d 

2 il-11 ·'-4 5-Af'.O JO mWk!! 0.1 ml SC -I d 
PBS - 0.1 rnl St: -2411. · 11b, (+0-1 3 

3 a· f 5· 10 d bitP) 

r11~) I 0.75 mg/kg 0.1 ml S" -24h.-12h,(+0 - 13 
4 3-f 11-16 d hidi) 

5 a·I' 17·22 PflS 0.1 ml s.: +4h. 1+1 : 14 d bid) 

6 a-r 23-28 1(0)\4) I 0.75 m~/kJl (U 1111 SC 44 It, (+ 1-1" d bid) 

7 a-t' 29-34 PBS - O.tml SC .;.24 h. (+l- 14 d bidJ 

8 a-f ~5-40 l \l'.l)(4) I 0.15 mi!.lkg 0. 1 ml ~.: +24 11. (+l-14 Llbilh 

Research staff began the dosing schedule on Tuesday, July 14, 2015. according to the above table. Mice 
were injected with 0.75 mg/k~1·c ttl a volume of 0.1 111L per dose every 10-12 hours-. Staff performed 
injections usin r a one~lrnnded restraint technique. and one needle per cage of four animals was used. as is 
srn1cd in th protocol. All mice were irradiated on Wcdncsllay. July 15. al AFRRl's cobah-
60 facility at an LD,1v:1n dose of 9.25 Gy at 0.6 Gy/min. 

Crirical period began on Wed.nesday .. July :22. The tirst death was observed on Thursday, July 2~. On 
Saturday, July 25, research staff noticed a large, clotted wound on the right side of an animal's abdome.n. 
011 the following day. research staff euthaniicd five niicc with l'.ll>trcd wou11ds ()ll th~ rig,l1t side of the 
body, either on die ahllomen or nape of the ne.ck. Three of these mice did not meet criteria for euthanasia 
as slaCed in IACUC Policy IO. bul research st<d"f decided to euth;:rnize to p1·ev~n1 possitile infection un the 
rodent colony. Research staff a)so changed any cages where dried blood was observed. A total of six mice 
with wounds were euthanized al thi~ time; three mice. from the PBS vehicle grol1ps and three mice from 
thel<bl(4) lgrours were euthani;i;ed. Please note that the unexpected cli nical signs were ohserved only in 
groups with multiple injections (in ramlom animals either PBS or~reaced) , but rtot in Lbe 5-AED or 
PEG-400 lreated groups (injected only nncc). 

An emergency meeting w<is called wilh vcterinury staff on Monday. July 27. Dd<0><5l lin>lnlctcd 
research staff 10 continue with dosing with increased monitoring of injection technique by a vet tech for 
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Monday evening's closing. Prior 10 this meeting, researc h srnff placet.1 green e<.mccm cards <)ll three cage." 
where animi1ls exhibited open wounds. Directly after this meeting, research staff showed these animals to 
Drs.f6)(6) . , land photographs we~e takt:n for <locumt:mutio~o unimals that were found 
dcaa or this 11me. one from the PEG-400 vehicle group and ortc from a~roup. were taken for 
hislopathology analysis. 

Research staff is continuing to monitor surviving animals closely in coordination with vett'rinary staff. 
The study will end on Aug 14. 2015. 

Sincerely. 

1(6)(6) I PhD 
Principal In vestigmor. SRD 

(bl(6l ................ ._P_l(6_i ___ -1lamendmenLJunexpected outcome of the studyj._(b_l(6_) __ _. Page 2 



DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(October 2012) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulatfons and DOD Instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template lhat does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however. reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and ti11e in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
Initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators {Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be at1ached to the 
completed protocoL Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
addilional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists incfude intellectual property {e.g., concepts, 
Ideas, experimental approaches, etc.), some of which Is Innovative or original and therefore 
considered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpoge other than to evaluate the protocol, without the wrltlen permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH PROPOSAL SIGNATURE 
COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBERfbK6) I 

Submission Date: 2128/2014 2nd Resubmission Date: 

Approved/Returned for 3/19/2014 
ApprovGd/Approval Withheld by 

Revision: IACUC: 
1" ~esubmission Date: 3i24/2014 EXPIRATION DATE: 

Approved/Returned for 3/31/2014 P(evious Protocol Number (ii 
Revision: refatedl 

SECOND TIER REVI EW 
fit reouiredJ 

Submission Date: Approved/Returned for Revision: 
Approved/Returned for 201d Resubmission Date: 

Revision; 
1s1 Resubmission Date: Approved/Approval Withheld: 
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single-click Word's Show/Hide button (shown, right), 
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"Home· tab it Show/Hide isn't drsplaye::l). 

• To HIDE lhe red-text instructions, single-click the 
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• For each section and subsection, enter your text into the underlined data lield { ) only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME OF FAClblTY: Armed Forces Radiobiology Research Institute 

II. PROTOCOL NUMBER ~ .... ~6-)(6_) ___ _, 

Ill. e.BOT.QCOL TJTLE; Minipig model of H-ARS for drug screening protocols relevant to mass 
casualty-stale l1reatrnent (Gottingen minipigs, Sus scrofa domestica) 

IV. PRINCIPAL INVESTIGATORfb)(6) 

l<b)(6) I !PhD Date 
Principal Investigator, Scientific Research De nment 
Tel. b)(6) I Fax ( }( E-mail: (0)(6 

--~~~---1 --~~~~~~~~-

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review and is 
consisient with good scientif ic research practice. 

l(bX6> !PhD, Lt Col , USAF Date 
Head, SclenJjfjc Research pe~rtmeat AFBRI 
Telephone l(b)(O) !Fax l.__1JJ_K_6>_....~~=...1 
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l(b)(6) 

VI. STATISTICAL BEVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that lhe number of animals used is appropriale to obtain sufficient data and/or Is noi excessive. 
and the statisUcal design is appropriate for the intent of the study 

~'b-J~~) ,...,.,..,_~~~~lPhD 
Statistician 
Telephone."'l<b""J<""6)..-------.I Fax!(bJ(6) 
l<b)<6) I 

Date 

Vil. Afi~NDING VTI~RINARIAN : In accotdance wilh Animal Welfare Regulations. the Attending 
Veterinarian was consuited in the pianning of procedures and manipulations that may cause more thain 
slight or momentary pain or distress, even if rel ieved by artesthetics or analgesics. 

l(b)(6) lovM, OACLAM, LTC, VC, USA Date 
Head, Veterinary Sciences Department AFRRI 
ii" elephonel(b)(6) 1Fax:llb)(6) I 
IM{6) I 

VIII. SAFETY . OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 

iX. IACUO APPROVAL: This protocol was reviewed and approved by the Institute Animal Care and 
Use Committee on ------

(Date) 

~-----.,....__,,..........,.i.;;;;S.:;.ci;;;;e.:..:.nt~if.:.::ic;..;R.;.;e~s~earch Depanrnentl .. (6_R_6> ___ _. 
~r--~---------------1 Fax: .. {b_H_6l _____ _ 
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PROTOCOL TITLE: Minipig model of H-ARS for drug screening protocols relevant to mass casually
scale treatment 

PRINCIPAL INVESTIGATOR:._fb_1<6_> ___ .... 

fbX6l I PhD Date 
Principal Investigator Scientific Research Department 
TeUtbl<S) IFax E-mail:l X6l 

'--~~~__, --~~~~~~~~-' 

Co-l lllVESTIGATOR(S): 

AFRRI ·SCIENTIFIC RESE,ARCH PROTOCOL. NUMBER: 

I. NON-TECIHNICAL SYNOPSIS 
Deve~opmerlt of large animal models for drug testing under the U.S. Food and Drug Administration (FDA} 
Two Animal Rule is still representing the main bottleneck for drug llcensure and commercialization. In 
spite of the many promising drug candidates developed for the Acute Radiation Syndrome (AAS} and 
proven successful ln rodents, only one drug (G·CSF, Neupogen®) has been app(oved by the FDA for use 
In nuclear/radiological emergency under an Emergency Use Authorization (EUA). Only three large 
animal models have been characterized for the AFlS : the Non·Human Primate (NHP). the dog, and the 
miniplg (M-P). However, both NHP and the dog have seve(al practical and ethical limitations. High 
regulatory oversight, low availability, and public opinion sensitivity issues are among the major factors 
limiting the applicability of these animal models for drug testing . f he mirnpig provides an ideal S')"Slem for 
drug Jesting, of scientific rigor and efficacy equal 10 other non-rodent models. 

we propose to continue to characterize the minipig (M-P) as a less controversial alternative non-rodent 
model of hematopoietic ARS (H0 ARS) for the evaluation, development and licensure of radiation 
mitigators Md therapeutics for use in a mass casualty scenario. To address FDA requirements that test 
drugs need to be assessed under the same conditions they will most likely be used {i.e. in combination 
with antibiotics, cytokines, etc), we will establish a probit curve at doses bracketing the hematopoietic 
syndrome in the presence of minimal supportive care, and we will follow survival for 60 days. In light of 
tl1e rela1ionship between poor nutritional siatus, weight loss and poor outcome after radiation treaimenis, 
and to align our model with other large animal models, we will provide nutritional supplementation 
together with minima! supportive care. Our hy-pothesis is that minimal supportive care and nutrittonal 
support will increase the hematopoietic LD50 and reduce the steepness ot the slope. 

Our approach significantly differs from what had been done brF us in the past and from what currently is 
being done by other centers working with the M-P model. Ou j b}<4) broject focuses on nulritlonal support 
in pediatric animals, and ou~(b)(4) b roject evaluates the eliec1 on 30-day survival of 
gentamicin+amoxicillin, rimadyl, oral hydration (through a watered down preparation of pumpkin or 
applesauce) and blood products in adult animals. The cUr(ent protocol uses adult animals and addresses 
not only minimal medical management but also nutritional supplementation and extended survival time 
(60-day period), to be in alignment with other large animal models. 

II. BACKGROUND 
11.1. In case of the Acute Radiation Syndrome (ARS), damage to a specific organ appears to affe:::t proper 
function of many other organs, and multiple organ failure (MOF) is being recognized as one of the main 
causes of radiation-induced lethality. Swine display close similarity to humans in terms of overall organ 
anatomy and physiology and have been extensively used in biomedical research in a variety of areas 
(cardiovascular. gastrointestinal, metabolic, liver, reproductive and infectious disease). We therefore 
selected the minipig because of its physiological properties similar to humans across several organs (14), 
with the expec[ation that it will more faithfully reproouce the physiopathology of MOF observed in ARS. 
and wlil provide an ideal tool for drug efficacy testing for total body irradiation (TBI). 
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(b)(4) 

We lhave taken a step-by-step approach to the development of the minipig as an animal model tor drug 
~nand we established ~ basic m?del for the hematop~ietic Acute Radiati_on Syndrome (H-A_RS) 
e.,J i~e absence of supportive care and under i BI cond1t1ons. and characterized dose-response 
relationship or the Gottingen minipig at doses spanning from H-ARS to GI-AAS. During our past studies, 
we have opt imized procedure for housing, handling and sampling in the M-P. Animals were kept on a 
calorie-restricted dial. as per provider~re:tmmendation. to maintain the small size characteristic ol this 
animal. Use of a vascular aooess par - llowed us to obtain serial samples and to analyze 
hematological changes over time. hema opoietic progenitor stem cells. kinetics of DNA damage/repair 
and res:dual foci (gamma-H2AX), circulating citrulline levels and microbiological status. From those 
st11.1dies, we demonstrated that the bone marrow syndrome (H -ARS) in the minipig closely resembles that 
in humans and other large animal models. The sequence of sign dev0lopmont, dynamics of 
hematological •cell loss. susceptibility to infection and occurrence of ~rgan dysfunction leading to 
dealh, all co:nfirmed the po1ential validity of this model to sludy Al=lS~kine tic~. · r NA double s1ran~ 
break formation and repair were nearly identical between M-P, humans and NHPf._Ytlminlsll:ation of..O.~ (b)(4) 
CSF to Irradiated mlnipigs stimulated recovery of bone marrow, induced mobilltat1on of progenitor stem ········· · ·· ··· 
cells, hastened neutrophil recovery and Increased survival. similarly to what was described tor NHP, 
canine and mouse models ot ARS (6), confirming the high potential of the model for radiation 
countermeasure screening. The only major difference between M·P and other animal models or human 
was repres·ented by -x ·· : iv : ·· -d a si nificat1 - · · r iv - : are ; M-P 1.73 
Gy (3) and 1.96 Gy -personal communication) : dog :2.6 Gy (6): human 3.2-4.5 
Gy (7·9); NHP 4 .. 9 - 6.71 Gy) ..... .._ _ __. 

During our previous proof-of-concept study, survival was followed for 30 days. and the animals were kept 
on a calorle-restrictod diet as per provider recommendation. Herc we propose to address th0 sensitivity of 
the minipig to radiation using minimal supportive care and nutritional supplementation. Our ultimate goal 
is to charac1erize the model for testing of medical drugs to be used In a mass casually scenario, under 
the FDA Animal Rule. In a mass casualty scenario, the standard of care used for small-scale accidents 
(administration of antibiotics, iv fluids, parenteral nutrition. and blood products) may be problematic. We 
will use minimal supportive care (defined here as antibiotics and dietary supplementation -no iv fluids. 
blood produc1s or parenteral nutrition), as a potential tool for testing drugs relevant to Warfighter 
population as well as civilians. Nutritional intake will be increased with a diet containing 20% protein 
instead of 16% (historical aiet, Tekland 8753), to be comparable to that in dogs and NHP. The amount of 
food provided will be equivalent to 3-4% of body weight, instead of 2.3-3.3% as recommended by 
Marshall Bioresoutces (Gottingen minipig provider) (see Appendix 1: Housing and Feeding of Gottingen 
Minipigs). Because of the possibility of potential delayed mortality, dissociated hematologic recovery, and 
secondary relapse; we wHI extend the observation period to 60 days, as routinely done for NHPs. 
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11.2. Literature Search for Duplication 
11.2.1. Literature Sources Searched BRO, RePORTER, PubMed 
11.2.2. Date of Search January 6, 2014 
11.2.3. Period of Search 
BRO: 1998 - 2009 
RePORTER: 1998-2013 
Pubmed: 1998-2013 

11.2.4. Key Words of Search 
Minipigs OR pigs OR swine AND Radiation AND supportive care OR antibiotic 

11.2.5. Results of Search 
Search of the combination minipig OR pig OR swine AND radiation AND supportive care did not result in 
any document. 

Search of the combination minipig OR pig OR swine AND radiation AND antibiotic resulted in articles 
about dermal phototoxicity, vascular access port implantation (our publication), dentine formation, bone 
marrow transplantation, restenosis, ex vivo ocular toxicity, and effect of antibiotic on small intestine 
mucosa. These studies are irrelevant to our project. Other articles met the key words search criteria but 
were not relevant to this study as they pertained to Guinea pigs or ex vivo/in vitro observations. 
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Ill. OBJECTIVE I HYPOTHESIS 

Rationale: in order to develop a new countermeasure under the FDA Animal Rule, it is required that the 
mechanism of action are understood and the interaction between test drug and supportive care (additive, 
synergistic, antagonistic or none) is investigated. Recommendations for medical management of radiation 
victims under mass casualty scenario requiring immediate and delayed treatment include administration 
of antibiotics and routine care. It is therefore imperative to develop an animal model that will mimic 
conditions under which mitigators will be administered. It is reasonable to assume that antibiotics, oral 
fluids and nutritional support will be available in a mass casualty scenario. 

Hypothesis: it is possible to estimate the dose response relationship (DRR) for total-body gamma
irradiation and moribundity in a M-P model of H-ARS, in the presence of minimal supportive care 
(antibiotics, and nutritional support). The resulting probit curve will provide estimates of lethal doses 
ranging from the LD10/60 to LD90/60, to be used for testing radiation countermeasures. 

IV. MILITARY RELEVANCE 
According to the DoD Chemical and Biological Defense Program 2009 Annual Report to Congress: 
"Although the overall number of nuclear weapons continues to decline because of Russian and U.S. 
treaty commitments, the United States anticipates an increase in weapon numbers in China, India, and 
Pakistan. Motivated by economic and strategic interests, Russia and China (or political entities in each} 
and North Korea continue to supply technologies and components that are dual use and could support 
weapons of mass destruction and missile programs, especially in the Middle East and South Asia. Iran 
continues to develop its enrichment program in defiance of United Nations (U.N.} Security Council 
resolutions and also continues to build a heavy water reactor in Arak, which will be capable of producing 
plutonium that could be weaponized. While North Korea has halted portions of its nuclear program, it is 
possible that it has stockpiled several nuclear weapons from plutonium produced at Yongbyon. Non
nuclear radiological dispersal devices (ROD) and radiological exposure devices (RED} pose a significant 
potential threat especially in the hands of non-state groups. Contamination and recovery issues 
associated with operating in a radiological environment remain significant concerns for military operations 
and underscore the need for robust detection, protection, and decontamination systems.'' 

An important barrier to advanced development of radiation countermeasures is the paucity of large, long
lived, non-rodent animal models of radiation injury. The only choices at present are NHPs and canines. 
The advanced evolutionary stage of NHPs, and the danger of working with NHPs, are also 
disadvantages. Canines are notoriously sensitive to NSAID and vomiting. The addition of miniature swine 
to available large animal radiation injury models will facilitate development of promising countermeasures. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

The purpose of this study is (i) to establish the effect on the survival of irradiated minipigs of a 
prophylactic empirical antibiotic regimen, similar to that likely to be administered to patients in case of a 
radiological accident, in combination with dietary supplementation; and {ii) to build a novel probit curve 
under these conditions. The expected results from empirical antibiotic treatment and dietary 
supplementation are a higher LD50 and a less steep dose-survival curve. 

Primary endopoints will be 60 day survival. Secondary endpoints will be CBC-counts, clinical signs, gross
and histo-pathology, and C-reactive protein. Measurements of blood elements and circulating analytes 
will be useful to establish the utility of the minipig as a biodosimetry model and will provide a useful term 
of comparison for intra- and inter-laboratory validation efforts. 

Prophylactic empirical antibiotic regimen. 
Guidelines for treatment of neutropenic patients from chemotherapy and from ablative radiation treatment 
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for hematopoietic stem cell transplantation (13: 14; 15), as well as pro101ype medical orders during a 
radiation inc dent (17) suggest adtnmistration of prophylactic empirical antibiotic treatment to reduce tne 
risk of infections. Antibiotic prophylaxis with fluoroquinolones is recommended fof afebrile neutropenic 
patients (15). as it significantly reduces all,cause mortality tor cancer patients following chemotherapy 
(16). Broad spectrum oral tluoroquinolone plus amoxicillin/clavulanate are among the recommended 
antibiotics for initial empiric therapy in neutropenic patients; length of treatment is based on bone marrow 
recovery and attainment or stable neuttophil levels above neutropenia. In case or resisrance to 
fluoroquinolone (fever ior >3·5 days during fluoroquinolone treatment). 1t is recommended to switch to 
gentamicin+amoxicillin/clavulanate (NCCN), and to start on oral triazole (antifungal) if fever still persists 
for >3-5 days. 

A number of micro-or anisms have been identifioo in 1he blood and tissues of the irradiated minipigs 
() ,( ~ 

.J ap y ooocc s at e s. . c romogenes, , ssprop y 1cus, . wamers, rep ococctJs aga.factiae, S. 
alactoMicus, S. dysga1actlae ssp. equlsimilis, S . inla.ntarius ssp. coli. S. mitis/S. oralis, Streptococcus 
anginosus, Streptococcus bovis, Streptococcus hyointestinalis, Enterococcus cecorum, E. columba.e, E. 
faecalls, Enterucott1Js faecium, Emerococcus hirae, Enlerococcus sp .. Gemella morbillorurn. 
Leuconostoc mesenteroides ssp. cremoris. Actinomyces naestundii, Bifidobacterium sp., Laotobacillus 
gasser/, Actiflomyces fllleslunaii, CoryMbacterium sp.}, Gram-negative (Acinetobscter baumannii, 
Aeromonas hydrophlla, Escherichia coli, Klebsiefla pneumonia, ssp. pneumoniae, Pasteurella 
penumotropic8. Pseudomonas aeruginosa} . Yeast (Candida rroplcalls}. The variety of opportunistic 
pathogens that is capable of producing infections in the minipig justifies the use of broad spectrum 
antibiotics and anti-fungal that we propose to use for prophylactic empirical antibiotic regimen. 

We will follow tho regimen for neu1ropenic, afebrile patients suggested by tho American Society of Cancer 
Oncology, ASCO (1 5), and the guidelines from the Department of Health and Human Services, Radiation 
emergency medical management and ihe Aadiaiion Injury Treatment Network, AITN (17). Furthermore. 
we will define neutropenia as neutrophil counts <500/~il (18) to be in alignment with the NHP model, and 
we will use this parameter as trigger point to start/end treatment. 

We will start treatment at ANC<500/µL or expected to decrease to <500/µL within the next 48 hours, with 
or without concurrence of fever (Table 2). We will administer levofloxacin plus amoxicillin/clavulanate (po) 
for 3 days or until !bone marrow recovers and ANC remain stable above >500/µl.. In case of resistance to 
levofloxacin (temperature higher than 39° Celsius for >3-5 days during fluoroquinolone treatment) , we will 
switch to a different class of antibio1ic ano we will use gentamicin in combination with 
arnoxioillin/c~avu lanate (13). If fevet still persists for >3-5 days. we will switch to fluconazole. Oral 
administration of drugs is preferred over iv administration bec:ause of negative Impact of venipunc1ure on 
animal survival. Ornl administration is also likely to be preferred in case of mass casualties due to limited 
availability of infrastructure for iv administration of drugs. The table below summarizes drug regimen. If 
the animals show an adverse reaction to levofloxacin. we will switch to ciprofloxacin. 
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Table 1: Prophylactic empirical antibiotic regimen: trigger points to start/end treatment 

ANC<500lµL or expected to decrease to <500/µL within the next 48 ho1.n St.art levofloxacin plus amoxicillin/clavulanate 

ANC stable above >500/µL (2 consecutive CBC reading at l-4 days 

distance) and 1<39. C 

lfT > 39• C for::.3-Sdays while taking levofloxacin 

T > 39' Cfor >3-S days while taking geotamicin 

Levofloxacin (LEVAQUIN®) 

Stop treatment 

Stop levofloxacin plus amoxici llin/clavulanate. Start 

gentamicin plu; amo1<idll in/davulanate. Admini;ter 
until ANC stable above >500/µL (2consecutlve CBC 
reading at 3-4 days distance) and T <39' C 

Stop gentamid n plus amoxicilli n/clavulanate. Start 
fluconazole plus amoxicillin/clavulanate. Administer 
until ANC stable above >500/µL (2 consecutive CBC 
reading at 3-4 days distance) and T <39" C 

Levofloxacin is a fluoroquinolone agen1 for oral and intravenous administration with antibiotic activity 
against a broad spectrum of Gram-negative and Gram-posilive bacteria responsible for infections to the 
respiratory, urinary and gastrointestinal tract. Spectrum o1 activity includes the Gram- negative 
Escherichia coli, Haemophilus influenzae, Klebsiella pneumoniae, Legionella pneumophi/a, Moraxef/a 
catarrhalls, Proteus mirabilis, and Pseudomonas aeruglnosa, and the Gram positive Staphylococcus 
Aureus, Streptococcus pneumoniae, Staphylococcus epidermidis, Enterococcus faecalis, and 
Streptococcus pyrogenes), as well as atypical bacterial pathogens (Chfamydophila pneumoniae and 
Mycopfasma pneumoniae}. Fluoroquinolones (ciprofloxacin and levofloxacln} are widely used in the 
treatment of human disease and are likely to be used in the event of radiation exposure to prevent 
infections. Because levofloxacin exhibits enhanced activity against Streptococcus pneumoniae with 
respect to ciprofloxacin, we selected to characterize the model in the presence of levofloxacin although 
we maintain ciprofloxacin as a possible alternative in case oral administration o1 levofloxacin. proves 
di1ficul1 in the minipigs. Tabie 2 below summarizes drug administration routes and doses. 

Amoxicillin/clavulanate (Augmentin) 
Amoxicillin/clavulanate is an oral antibacterial combination consis1ing of arnoxicillin and the beta
lactamase inhibitor, clavulanate potassium. Arnoxicillin is a semisynthetic, third generation penicillin 
(beta-lactam antibiotic); clavulanate is a beta-lactam that inhibits beta lactarnase, the major bacterial 
enzyme responsible for penicillin resistance. Amoxicillin/clavulanate is used to treat mild-to-moderate 
bacterial infections including sinusitis, bronchitis, and otitis media. Amoxicillin/clavulanate is the 
recommended antibiotic to be used in combination with fluoroquinoloes for empiric therapy regimen 
(Flower, 2013). Table 2 below summarizes drug administration routes and doses. 

Fluconazole (DIFLUCAN®) 
Fluconat ole, an oral triazole, is a drug used in the treatment and prophylaxis of superficial and systemic 
fungal infections. Fluconazole is effective agamst a number of fungi including Candida. Table 2 below 
summarizes drug administration routes and doses. 
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Table 2: Prophylactic empirical antibiot ic regimen: drug dosage and modality of administration 

Drug 

levofloxacin llevaquin ) 

Ciprofloxacin 

Gentamicin 

Amoxicil lin/clavulanate 

Fluconaz.ole {IDlflucan) 

Regimen/route 

500 mg SID, po" 

2.5 - 7.5 mg/kg, BID, po. ~ 

2-6 mg/kg 510, po. • 

11-13 mg/kg every 12-24 h, po. • 

10-12 mg/kg, ~ po. • 

•or iv or im if PO not possible, at dosage prescribed by and in consultation with VSD veterinarian 

or assigned stufy veterinarian 

Dietary supplementation 
In our initial. historical s·1udles we have been using a 16% protein diet for minipigs and we nave kept the 
animals on a calorie-restricted diet in order to avoid excessive weight gain. as per provider 
recommendation (Marshall Bioresources, see Appendix 1}. No supportive care was given to the animals 
after irfadiation. Indeed. it is well known that nutritional support for cancer patients undergoing radiation 
therapy is vital, ar"ld other large animal models (dogs and NHPs) receive supportive care after irradiation, 
to include nutritional support rich in proteins, anti-Oxidants and fats. 
For ~he current study, we wtll increase the food amount to 3-4<l/., (grams/animal kg) instead of 2-3% as 
recommended by the vendor. We will use a "starter· diet for minipigs which has a higher content Of 
proteins {20% instead of the 16%, protein content, as done in our previous studies): the diet will be 
supplemented with fatty acids and probiotics to counteract the effects of antibiotics on the intestinal flora 
(Table 1). The pro os n · ii n I suppart is what is currently been used for piglets (ongoing study, 
approved protoco ( has shown no adverse effects and has provided some advantage in 
terms of survival at y pre 1mmary data. n-3 per radiation dose). Traditional enrichment will be 
maintained as part of the diet. 

Nutritional support 

Starte.r diel (i.e. 5080 from Qualily 20% protein, 4% grams/kg animal 
Lab Products) 

Probiotics 

omega-3 fatty acids 

electrolytes, hydrating gels 

milk formula 

yogurt 

(average for group of animals and updated 

on a weekly basis) 

approximately 2 grams, daily 

DHA, 1 capsule every 3 kg body w eight 

as needed 

up to 2Clml/kg, twice a day as necessary 

daily 

lhutritional support If not eat ing 
as needed,indudes additional milk formula 

solid food 

only canned/dried fruits and 

vegetables 

metamucil 

Probit curve 

as needed 

as needed 

Briefly. a vascular access port (VAP) will be implanted approximately one-to-two weeks after the arrival of 
animals at AFRRI . to facilitate collection of blOod samples. Three weeks after VAP implantation, we will 
expose m inipigs to a range of doses of whole-body gamma irradiation to bracket the hematopoietic 
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syndrome. Animals wilt be administered the minimal supportive care listed in Table 1, and survival will be 
observed for 60 days. 

V.1.1. Experiment 1: LDS0/60 range finding pilot study 
To limit the number of animals used, we will adopt the "range finding approach" for the initial assessment 
of a rough estimate of the LD50/60. 

In toxicology, the purpose of conducting a dose range finding study is to establish a dose response and to 
provide preliminary data to enable appropriate dose selection tor full-scale studies (15). A range-finding 
test ordinarily consists of a down-scaled test in which small groups of animals are exposed to several 
widely-spaced doses, to estimate the LD50/60. The study design usually includes an assessment of basic 
toxicological parameters including clinical observations, hematology, chemistry and pathology. This study 
design is in alignment with 'three R' concepts for animal welfare {refinement, reduction, and replacement) 
and is intended to obtain optimal, standardized study conditions for protocol transferability and data 
reproducibility. 

In Experiment 1, we will use 2 animals per dose and we will test 4 separate doses for each of three 
reiterations (24 animals, total). Since administration of supportive care in other species (i.e. dogs, NHP) 
and in humans increased survival so that the LD50 was shifted of up to 0.5-2 Gy, we will test doses 
ranging between 2.0 and 3.5 Gy, given that the LD100 in the M-P in the absence of supportive care is 2.0 
Gy. Initially we will test doses equivalent to 2.0, 2.5, 3.0 and 3.5 Gy (2 animals per dose; group A). Based 
on the results of the group A, we will then refine the dose interval in consultation with the statistician, and 
perform 2 additional experiments, each consisting of 4 doses and 8 animals (2 animals per dose; group B 
and C). This pilot study will provide a rough estimate of the LD50, as well as the doses bracketing the 
hematopoietic syndrome (LD1 O and LD90). 

Animal requested for experiment 1: 2 animals/dose, 12 doses::: 24 animals 

V.1.2. Experiment 2: Construct a full lethality probit curve to be used for establishing radiation 
doses during countermeasures drug testing 

For the generation of the dose-response curve, the LD30, 50 and 70 will be estimated using the probit 
method, and including results from experiment 1 {pilot study). This method allows for construction of 
confidence intervals to describe the precision of the estimated lethal doses. The width of the confidence 
interval depends on the number of doses, number of animals per dose, and the slope of the dose
response curve, and a narrow interval indicates a more reliable estimate. We propose to use five doses 
and six animals per dose (0.6 Gy/min, TBI, Cobalt-60}. Doses will be evenly spaced. Minipigs already 
irradiated at those doses in the pilot study will be incorporated into the data from this experiment, to 
increase statistical power. 

Animal requested for experiment 2: 4 animals X 5 doses = 20 

V .2. Data Analysis 
The dose response relationship {DRR) will be plotted as probit percent mortality versus linear dose. Probit 
regression analysis will be used to generate the probit curves, using the PASW Statistic 18 software 
(SPSS Inc, IL, USA), and preliminary values for LD30, LD50, and LD70 will be obtained. For a sample 
size of 6 per dose (including 2 per dose from experiment 1), a dose-response curve ranging from 1.5 to 
3.5 Gy with mortality rates of .1, .3, .5, . 7 and .9 percent for the five doses, the expected width of the 95% 
confidence interval for the LD50 will be 1.5 Gy, and the expected width of the 95% confidence interval for 
the LD30 and LD70 will be 2.5 Gy. Expected confidence interval widths are based on the average of 
1,000 simulated data sets using the study design and mortality parameters indicated. Actual confidence 
interval widths will vary depending on the specific doses selected and the slope of the dose-response 
curve. 
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V.3. Laboratory Animals Required and Justification 

V .3.1. Non-animal Alternatives Considered. 

The purpose of this project is to determine the effect of minimal supportive care on survival. There is no 
computer model or tissue culture that can mimic the effect of radiation on the whole organism and predict 
lethality. Survival depends on an intricate network of organ cross-talks and cellular microenvironment that 
cannot be recreated in vitro. Consequently, administration of supportive care to cellular components 
grown in vitro will not allow any assessment on survival. Effect of supportive care also cannot be 
reproduced in vitro. 

We do not know all of the cell types and tissues involved in radiation injury or how radiation injury causes 
lethality. The concept of multi-organ failure has been suggested, but how the injured organs affect each 
other's vital functions is unknown. The present state of the art of tissue culture is still incapable of 
reproducing the in vivo relationships. Computer modeling is similarly limited by lack of full characterization 
of the biological elements and interactions under study. 

These considerations are consistent with the FDA requirement for preclinical research in both small and 
large mammals before granting approval for drug testing in humans. 

V.3.2. Animal Model and Species Justification 
We have been developing the adult Gottingen minipig as an additional large animal model for the study of 
the AAS and advanced development of radiation countermeasures. Large, long-lived, and development· 
matched models are required for drug studies submitted to the FDA for ficensure applications. The close 
similarity to humans in anatomy and physiology of organs such as the liver, pancreas, kidney and heart has 
made the pig the primary species of interest as organ donors for xenographic procedures. Minipigs are 
routinely used for toxicity testing. As such, further and rapid characterization at physiological, molecular and 
genetic level of the minipig is likely to occur, thus increasing acceptance of this model and facilitating 
advanced drug development. Our previous studies have employed male Gottingen minipigs to develop a 
probit curve. Since we are testing the effect of minimal supportive care on survival and we are using our 
own historical data as one of the terms of comparison, we will continue to use male minipigs for this study. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species Sus scrota domestica 

V.3.3.2. Strain I Stock Gottingen 

V.3.3.3. Source I Vendor Marshall BioResources/Marshall Farms Group Ltd 

V.3.3.4. Age Approximately 4 months at arrival 

V.3.3.5. Weight Age appropriate (9-11 kg) 

V.3.3.6. Sex Male 

V.3.3.7. Special Considerations NA 

V.3.4. Number of Animals Required (by species): 46 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 
The study data-points currently mandated by the FDA for approval of radiation countermeasures under 
the Animal Efficacy Rule is mortality. Hence the primary study data-point in our development of Gottingen 
minipigs as a model for AAS is survival. Moribundity will be used as a surrogate for mortality, and 
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euthanasia wili be used in order to minimize pain and distress; using an e>ctensive set ot criteria (see 
animal endpoints, paragraph V.4.5 - Lethargy, weight loss, temperature, respiratory distress., food intake, 
bleeding etc). Animal care and use procedures will only be performed by rrained pers<:lnMI. We have 
considerable experience in the care and handling of minipigs. Extensive human interaction every 
weekday will reduce stress in the animals. Use of slings, topical anesthetics. and the catheters will 
minimize distress during blood collections and the animals will be gradually acclimated to the slings for 
these procedures. 

V.3.5.2. R~uetion 
Conltrol a111imals used to optimize protocols for animal handling, housing and blood draw will be used also 
to obtain data on grow1h of normal animals, and to set up dosimetry for future studies and to obtain 
baseline CBC data in pediatric animals. For irradiated animals, blood samples obtained from mlnipigs 
before irradiation will serve as controls. thus reducing the number of animals required fof this study. Use 
of historical controls will also reduce the number of animals needed for this study, 

V.3.5.3. Replacement NA 

V.4. Technical 1Methods 

V.4.1. Pain i Distress Assessment 

V.4.-1.1. APHIS Form 1023 lnfot111atlon 

V.4.1.1.1. Numberrof Animals 

V.4.1.1.1.1. Column c __ (#of animals) 

V.4.1.1.1.2. Column o __ (#of animals) 

V.4.1.1.1.3. Column e _46_ (#of animals) 

V.4.1.1.1.4, Pain Gateaorv Asslanments 
Exo.# ExDerimental/Control GrouD 
1 L050/60 range finding pilot study 
2 Construct a fuli iethaiity probit curve to be used 

for establishing radiation doses during 
countermeasures drug testing 

Totals: 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1 . Anesthesia I Analgesia I franquillzation 
Irradiation 

c D E Totals 
Z4 24 
22 22; 

46 46 

Prior to irradiation, animals wlll be sedated with Telazol® (Telazol. 6-B mg/kg IM. Fon Dodge 
Laboratories, IA). Alternatively, ielazol® (4.4 mglkg IM). in combination with dexmedtomidine (0.05-0.1 
mg/kg /M) or ketamine (20 mg/kg /M)/xylazine (2 mglkg fM) can also be used for sedation. Atropine· (0.5 
ml IM or IV; atropine sulfate. Butler, Columbus. OH) or glycopyrrolate (0.01 mg.kg) may be given to 
reduce mucosa! secretions. At the end of the irradiation procedure. once the animals are back in their 
quarters. dexmedetomidine can be reversed by atipamezole IM (same voiume as dexmedotmidine) to 
facilitate recove:ry. 
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Blood sampling 
Animal may be sedated at the time of blood sampling and administration of minimal supportive care with 
Midazolam (0.1-0.5 mg/kg s.c.or IM}, or acepromazine ( 1.1 mg/kg IM}, 10 minutes prior to venous access. 
Telazol or Telazol +dexmedetomidine or Ketamine + Xylazine or isoflurane could be used as an option as 
well. 

V.4.1.2.2. Pre- and Post-procedural Provisions 
Irradiation 
Pre-Irradiation: Animals will be fasted overnight (approximately 1 &-18 h) and sedated as described 
above. Once sedated in the VSD animal facility, minipigs will be transported to the AFRRI cobalt facility in 
an approved, covered transport cage. Heart rate and temperature will be measured prior to irradiation. At 
least one vet tech or one veterinarian will be present at the time of irradiation. Immediately before 
irradiation, the vet or vet tech will determine whether or not to administer additional sedative to keep the 
animal asleep during irradiation. 

Irradiation procedure: To enable proper positioning, anesthetized animals will be strapped in place into 
slings in polyvinylchloride PVC frames for irradiation. Effect of anesthesia will be monitored in real time 
through video cameras positioned in the Cobalt waiting area; if, during irradiation, signs are observed that 
the animal is attempting to get loose, we will immediately stop the irradiation and we will promptly recover 
the minipig. Minipigs will be removed from the slings once irradiation is completed. Once in the procedure 
room adjacent to Cobalt and before returning the minipigs to their home cages, temperature will be taken 
with the transponder or rectally; heart rate will be measured using a stethoscope .. 

Post-Irradiation: After irradiation, animals will be transported back to their cages, where they will be 
allowed to recover from sedation under the careful surveillance of VSD and/or research staff who will 
monitor vital signs and provide thermal support (e.g. Bair Hugger blanket) if necessary. Atipamezole IM 
(same volume as dexmedetomidine) may be used to reverse the anesthetic effect of dexmedetomidine. 

V .4.1.2.3. Paralytics N/ A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched Altweb, Pubmed 

V .4.1.3.2. Date of Search 

V.4.1.3.3. Period of Search All available 

V.4.1.3.4. Key Words of Search The aspects of the study relevant to alternatives to painful or distressful 
procedures are the sequelae to exposure to TBI at doses causing ARS. We used the following key words 
in the search for alternatives: swine, radiation, ARS, sequelae, pain, distress, alternatives 

V.4.1.3.5. Results of Search 
Cell culture based alternative were found to study the intestinal barrier function of piglets and for organ 
specific drug toxicity testing. However techniques are not fully developed yet and are not representative 
the entire organism. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Depending upon the irradiation dose irradiated animals die due to compromised immune responses and 
opportunistic infections. The percentage of surviving animals is the indicator of the efficacy of a 
countermeasure. We are not planning to administer analgesics post-irradiation, as NSAID may aggravate 
bleeding disorders in combination with the radiation-induced thrombocytopenia, and opiates can induce 
sedation and drowsiness and may confound proposed euthanasia criteria. However, we are providing 
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minimal supportive care in terms of antibiotics, and fluids/ nutritional support to increase survival. Use of 
supportive care is expected to mitigate the pain associated to the seque!ae of irradiation. 

V.4.2. Prolonged Restraint 
Only short periods of restraint in the sling {<30 minutes) will be necessary for blood collections and the 
irradiation procedure. To minimize discomfort, we have designed a new type of sling that uses softer, 
elastic material to support the animal, and utilizes a more efficient restraint design that maintains the 
animal in place while reducing manipulation by technicians and consequently stress to the animals. 
After the quarantine period, animals are acclimated to the sling for 5-10 minutes, 2-3 times before 
initiating blood draws. Acclimation to the sling is very rapid and non-stressful; animals are petted and 
gently spoken to while restrained. It has been our experience that resting on the sling does not agitate the 
animal at all. Animals are anesthetized and transported to the Cobalt Facility holding area before being 
put into slings tor irradiation (<20 minutes). Animals will be kept under continuous observation while in the 
sling. Slings will be spot-cleaned between animals and sent to wash at the end of each collection day; 
slings will be sanitized at the conclusion of each irradiation day. 

V.4.3. Surgery: implantation of vascular access port (VAP). 

V.4.3.1. Pre-surgical Provisions Animals will be cared for according to section V.5.1. They will be tasted 
overnight {approximately 16- 18 h) prior to VAP implantation surgery. 
For antibiotic, Cefazolin sodium 20 mg/kg IV or ampicillin sodium 10-20 mg/kg /Vwill be given just prior to 
the surgery, or intra-operatively, for prophylaxis. At the time of surgery, a temperature microtransponder 
(Implantable Electronic ID Transponder IPPT-300, Bio Medic Data Systems, Seaford, DE) wilt be 
implanted subcutaneously behind the neck, over the shoulder opposite to the site of VAP surgery, to 
facilitate body temperature measurements. 

V.4.3.2. Procedure(s) VAP catheters (SoloPort subcutaneous access port, either PMID or MID model; 
lnstech Solomon, PA) will be surgically implanted in the right external jugular veins under general 
anesthesia according to the principles of aseptic surgery. Animals will be lying on their back; vital signs 
will be taken at regular intervals by vet techs. The catheter tip will be introduced through a 2·3 mm 
incision in the right jugular vein and advanced to the junction of the external jugular vein and vena cava. 
Prior to securing the VAP catheter within the vein, sutures will be used to ligate the vessel just cranial to 
the insertion point of the catheter tip. Additional ligature will be placed around the caudal portion of the 
vessel containing the VAP catheter and retention bead, with 1 ligature on either side of the bead. The port 
will be secured within the incision site on the neck to the underlying musculature by use of sutures, at a 
minimum of 2 of the 5 anchor holes on the port. Sutures will be 3-0 PDS or others (with the exception of 
silk) as deemed appropriate by surgeon. Catheter function will be confirmed intra-operatively through 
aspiration of locking solution and withdrawal of a blood sample via the septum. The port reservoir and 
catheter will be flushed again with 6 ml saline and locked with 3 ml of a heparin lock flush solution (100 
IU/ml) all subsequent lock solutions will be heparin (100 IU/ml}. 

During closure of the surgical sites, special attention will be given to eliminating dead space around the 
port and around the catheter loop on the neck. The muscle and subcutaneous layers will be closed with 
sutures. Skin incisions will be closed in a continuous intradermal pattern. Tissue glue (VetBond, 3M, St 
Paul, MN} may be used to help seal surgical sites as necessary to help prevent contamination. 

V.4.3.3. Post-surgical Provisions Pre-, intra- or postoperative intramuscular buprenorphine (0.01 to 
0.02 mg/kg; Buprenex, Reckitt Benckiser, Richmond, VA) or Carprofen {2.2 mg/kg) will be provided for 
analgesia before full recovery from anesthesia. Additional post-operative analgesia will be given as 
Carprofen (2.2 mg/kg po BID) for three days starting the day after surgery, or as recommended by an 
AFRRI veterinarian in consultation with the Pl. Alternatively, fentanyl transdermal patch at 5mcg/kg/hr or 
buprenorphine sustained release 0.12 ~ 0.27 mg/kg sc for analgesia can be used as determined by the 
veterinarian. The fentanyl patch, if used, will be applied to a shaved portion of skin and secured. It takes 
approximately 12 hrs for the fentanyl patch to take effect. Animals will continue to be monitored until fully 
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recovered from anesthesia; they will be returned to their home cage when ambulatory. Supplemental heat 
may be provided in the home cage post-operatively (e.g. Bair Hugger warm air blanket) 

After surgery, 25-50 mg/kg trimethoprim-sulfa po (500 mg po tor 10 kg pig or 5mg/kg im), SID, will be 
given for 5 days or more as determined by veterinarian to lessen the risk of post-op infection. 
Alternatively, enrofloxacin 5-10 mg/kg iv/po can be given every 24 hrs for 3-5 days or more if needed as 
determined by the veterinarian. Convenia 5-10 mg/kg sc may be used as an antibiotic as determined by 
the veterinarian. The advantage of this antibiotic is that the single injection provides protection against the 
bacterial infection for several days. 

Postsurgical recovery and pain will be monitored twice daily by visual examination of the incisions and 
overall conditions of the animals. Parameters monitored will be food and water intake, activity, alertness, 
vocalization, guarding, and response to human contact. 

V.4.3.4. Location VSD surgical suite 

V.4.3.5. Surgeon Surgeons will be AFRRI veterinarians 

V.4.3.6. Multiple Major Survival Operative Procedures NA 

V.4.3.6.1. Procedures 

V.4.3.6.2 Scientific Justification 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

All injections listed in section V.4.1.2.1 will be administered im, sc, using sterile needles (23 - 21 gauge) 
and syringes, or iv through the catheter or po. 

V .4.4 .1.1. Pharmaceutical Grade Drugs 

Bactrim (sulfamethoxazole and trimethoprim) 
Lidocain (5%), topical 
Telazol® 
Ket am ine/xylazi ne 
Atropine atropine sulfate 
Heparin lock, IV 
Saline 
Metamucil 
Levofloxacin 
Ciprofloxacin 
Gentamicin 
Amoxic ii Ii ne/cl avulanate 
Fluconazole 
Midazolam 
Acepromazine 
All the drugs listed above are ordered from veterinary product distributors by VSD and they all are 
pharmaceutical grade drugs. 
Atipamezole (Antisedan, Pfizer) 
Dexmedtomidine (Dexdomitor, Pfizer) 

V.4.4.1.2. Non~Pharmaceutical Grade Drugs NA 
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V.4.4 .2. Biosaimples 
Collection of blood samples. We will obtain blood samples from the VAP or from peripheral veins. If the 
VAP fails, the sample will be collected 1rom accessible peripheral vessels (see section V.4.4.7. Other 
Procedures). Mean blood volume for pigs is 55-65 ml/kg; at arrival, animals weigh approximately 9 kg 
and gain 0.5 kg per week. Up to 1 % of to1al blood will be drawn per time point (corresponding to 4.9 ml · 
5.8 ml for a 9 kg animal}, and no more than 7.5 % per week. 

Depending on the volume of blood taken, appropriate recovery time will be allowed between sampling 
intervals {21, 22): 
0.75% circulatory blood removed= 1 day recovery period 
7 .5% circulatory blood removed = 1-2 weeks recovery period 

Collection of samples will be performed with the minipig restrained in a sling; at the same time, we will 
take vitals. The entire procedure takes less than 30 min. After blood draw, animals will be returned to their 
cages and checked to ensure that the needle puncture wound is closed and the blood has clotted. Blood 
samples will be obtained at these time points: with day O being the day of irradiation, we will collect blood 
at-2 weeks, -1 week, -1 day, day 0 and on days +1, +2, +3, +7, +10, +14, +1 7, +20, +23, +27, +35, +42, 
+49, +56 and at euthanasia. 

Time point volume % total blood volume* Total % bl ood volume 

(day) (Cumulative volumes from 

the be~innins: of the stud:z:) 

-14 lml 0.17 0. 17 ,. 
-7 3 ml 0.5 0.67 

-1 3ml 0.5 
,. 

1.17 

0 lml 0.17 
,. 

1.34 .. 
1 lml 0.17 1.51 ,,. 
2 lml 0.17 1.68 ,. 
3 lml 0.17 1.85 

7 lml 0.17 
~ 

2.02 

10 l ml 0.17 
,. 

2.19 

14 lml 0.17 
,,. 

2.36 

17 lml 0.17 
,,. 

2.53 

20 lml 0.17 
,,. 

2.7 

23 lml 0.17 
,. 

2.87 

27 lml 0.17 
,. 

3.04 

35 lml 0.17 
,. 

3.21 

42 lml 0.17 
,. 

3.38 

49 lml 0.17 
,. 

3.55 

56 lml 0.17 3.72 

"Assuming a body weight of 9kg and total blood volume of 585 ml 

Dates of collection may be changed by +I- 48 hours or collect ion may be cancelled if contingencies arise . 
VAPs wi ll still be flushed at least once a week. 

Tissue and histological samples. T issue samples, to include organs, blood and hair may be taken at 
the time of euthanasia for tissue blocks and for frozen tissue repository. 

V.4.4.3. Adjuvants NA 
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V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V .4.4.5. Animal Identification Tattoos or ear tags and cage cards/tags 

V .4.4.6. Behavioral Studies NA 

V.4.4.7. Other Procedures 
Catheter implantation 

Temperature transponder At the time of catheter implantation, a temperature microtransponder 
(Implantable Electronic ID Transponder IPPT-300, Bio Medic Data Systems, Seaford, DE) will be 
implanted subcutaneously behind the neck, over the shoulder opposite to the site of VAP surgery, to 
facilitate body temperature measurements. 

Blood draw from peripheral veins. Alternatively, if VAP fails we will collect blood from peripheral veins 
such as auricular, femoral, cephalic, saphenous, cranial vena cava .. Animals may be sedated at the time 
of blood sampling and administration of minimal supportive care (see section V.4.1.2.1} if necessary, 
following the recommendations of an AFRRI veterinarian. A!I procedures will be entered into the 
experimental record. Lidocaine (5% ointment} may be applied topically to the site of venipuncture to 
minimize discomfort to the animals about 15 minutes before starting the procedure; site will be cleaned 
with alcohol. 

Health check status 
Body weights and standard animal health check status (hydration status, hair coat, skin quality, vitals) will 
be determined at least once prior to treatment, on the first day of treatment, and on days of blood 
collection. Body temperature will be determined during week-days between 7 am and 4 pm, and on 
weekends if there are animal concerns. The time of each temperature collection will be recorded for each 
minipig. Monitoring will be increased during critical period. 

V.4.4.8. Tissue Sharing Bio-samples (V.4.4.2. Biosamples_ Tissue and histological samples) will be 
collected, to be used for histo-chemistry/protein/molecular assays among others, and to be shared with 
collaborators upon request and as experiments permit 

V.4.4.9. Animal By-Products 

V.4.5. Study Endpoint The data-point currently mandated by the FDA for approval of radiation 
countermeasures under the Animal Efficacy Rule is moribundity or mortality. Moribundity will be used as a 
surrogate for mortality, and euthanasia will be used in order to minimize pain and distress. Euthanasia will 
be carried out when any one of absolute endpoints or combination of the following non-absolute signs of 
moribundity are observed and in consultation with AFRRI veterinarians. 

Absolute 
1. Non responsive, assuming the animal has recovered from anesthesia. 
2. Dyspnea 
3. Loss of 20% of expected weight (based on Marshall Bio-resources growth chart -weight vs age

and day 0 baseline percentile}. 
4. Hypothermia ( < 362C} 

Non-absolute 
1. Hyperthermia (>41 QC) 
2. Anorexia (skip 2-3 consecutive meals) 
3. Anemia/pallor, CRT :>2 seconds (CRT will be performed behind the ears), sudden severe drop in 

HCT (:> 10% over 3 consecutive days}. 
5. Petechiae/ecchymosis 
6. Vomiting/diarrhea 
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7. Lethargy 
8. Seizures or vestibular signs (falling, circling or head tilt) 
9. Uncontrollable hemorrhage 

When non-absolute endpoints are being evaluated, the frequency of monitoring of the animals will be 
increased to four times per day. At the time of euthanasia, the attached observation sheet {Attachment 1) 
will be filled out, and may be used retrospectively at the end of study to put together a score sheet for 
euthanasia criteria for minipigs, similarly to that for rodents. 

V .4.6. Euthanasia 
Animals will be euthanized according to current American Veterinary Medical Association (AVMA 2013) 
guidelines. Animals will be sedated with Telazo'® (6-8 mg/kg im) or ketamine (20 mg/kg im)/xylazine (2 
mg/kg im). Animals will then be euthanized through the VAP with and injected iv Euthasol® (sodium 
pentobarbital, (1 ml/4.5 kg iv or intracardiac) or another commercial euthanasia solution. 
Alternative, in case of VAP malfunction or loss, peripheral or central venous cut down or cardiac stick or 
catheter without cutdown may be performed, with the animals maintained under general anesthesia using 
isoflurane gas at a maintenance rate of 1 % to 3% and oxygen flow rate of 1 to 2 I/min, to prevent the 
possibility that the telazol might wear off during this time. Death will be confirmed by VSD veterinarian, 
assigned study veterinarian, or veterinary technician via auscultation of the heart, with cessation of 
sounds for at least 5 minutes. See item V.4.5 for euthanasia criteria before the end of the study 

V.5. Veterinary Care 

V .5.1. Husbandry Considerations 

Minipigs will be housed in stainless steel cages/runs, in tactile, visual and olfactory contact with adjacent 
animals. During quarantine/acclimation period, up to day of surgery, mini pigs may be group-housed. 
After surgery, they will be singly housed to prevent damage to the VAPs and to allow individual 
assessment of feed consumption and fecal/urine/blood production. Rooms will be maintained on a 12:12 
h light (0600 to 1800) dark cycle with the temperature set to 27 to 29°C and 30% to 70% relative humidity. 
Commercial diet with 20% protein content will be provided (i.e. Labdiet Minipig starter diet 5080). Water 
wilt be provided ad libitum. Minimal supportive care will be provided after irradiation to all animals, 
accordingly to Tables 1-3. 

V.5.1.1. Study Room 
Minipigs will be located at AFRRI for the duration of the study. They will either be in a VSD surgical suite 
for catheter placement, in transit to and from the cobalt facility in a covered transport cage, in slings for 
irradiation in the cobalt facility, or in their housing cage or a VSD prep room for blood collections or 
euthanasia. They will be housed in stainless-steel cages in an environmentally controlled and 
continuously monitored animal room as described in Section V .5.1 

V.5.1.2. Special Husbandry Provisions 
No sugar-rich treats, marshmallows, peanut butter, cereal, crackers and similar food will be offered to 
these animals. Instead, any one of canned fruits, vegetables, yogurt and milk will be offered daily; age
appropriate nutritional supplement will be provided after irradiation. Tap water will be provided ad libitum. 
Pedialyte or other oral rehydration fluid will be offered when the animals show signs of dehydration. 

V .5.1.3. Exceptions NA 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 
Animals will be acclimated for 21 week prior to beginning of procedures. Each animal will be observed at 
least twice daily for evidence of pain or distress. Body weights will be determined at least once a week 
and on days of blood collection. The time of each daily temperature collection will be recorded for each 
animal. Animals will be qualitatively assessed at least twice daily (a.m. and p.m.) for general behavioral 
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siaius and food consumption by VSD techs and/or research techs, The heart rate will be measured at the 
time of each blood collection. Stool consistency, left"over food, demeanor and overall animal appearance 
will be fecordeti. Diarrhea has nor been observed in minipigs irradiated at doses <8 Gy. Appropriate 
standard operating procedures will be followed by staff veterinarians in the event of pain or distress. 

V.5.2.2. Emergency Vetetinaty !Medleal Care Emergency veterinary medical care is available 24/7 and 
will be provided based on the restrictions approved in earlier sections of this protocol 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
~nrichment will be done as per the VSO minipig enrichment SOP, except single housing after catheter 
implantation and irradiation. 

V.S.3.2. Enrichment Restrictions 
Minipigs wil l ibe single-housed alter surgery and after irradiation until completion of the study, to avoid 
mechanical and infectious complications related to implanted catheters, but they will be in visual, olfactory 
and auditory contact with other minipigs in the same room. 

Vt SfUDY PE~SONNEL OUALiFICAfiONS ANO TRAINING 

I DEGREE I fRAINING I DATE 
YRSIMOS 

NAME PROCEDURE$ EXPERIENCE 
(O)lO) 1, 3b, 4, 5, 7 (dtug (b)(6) 

delivety) 

1,2,3;4,7 

1, 3 

1,2,3b, 4, 5 

1,2,3b, 5 
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NAME I DEGREE I TRAINING 
,b)(6) 

Trained personnel are certified by VSD. 
Procedure and manipulation codes: 
Gode 1 .. Animall handiing and euthanasia 

I DATE 

Code 2= Surgery (aseptic technique) ~re· and post-operative care 

YRS/MOS 
PROCEDURES EXPERIENCE 

(0)(6) 

1, 2, 3, 4, 5 

3,4 

Code 3= Injections (3a-ip. 3b·sc, 3o·gavage) ·can say 3 if trained in all manipulations or add 3d·iv 
Code 4., Blood 1collection under anesthesia (4a-cardiac. 4b-posterior vena cava) 
Code 5,.. Tissue collection (after euthanasia) - doesn't need to be specific 
Code 6 = Implantation (provide details) 
Code 7 "' Others • (provide protocol specific manipulatlons or procedures for e.g ., retro·orbital bleeding , 
tail vein injection, or drug delivery) 

VII. iBiOHA2.ARl!)$/SAFE:fV NA 

VIII. ENCLOSURES NA 

6. W. P. Norris, T. E. Frliz, C. E. Rehfeld and C. M. Poole . Radiation Research Vol. 35, No. 3 (Sep., 
1968). pp. 681 -708 
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7. NCAP Report No, 98, Guidance on Radialion Received in Space Activities, 1989. 
8. Flynn OF, Goans RE. 2006. Nuclear Terrorism: Triage and Medical Management of 
Radiation and Combined· Injury Casualties. 2006. Surg Clin N Am, 86, 601-636 
9. Mole RH. 1984. fhe LD50 for uniform low LEI irtadialion of mall. Br J Radial, 57(677), 
355-69 
10. Basile LA, Ellefson D et al, 2012, HemaMaxTM, a Recombinant Human lnterleukin-12, Is a 
Potent Mitigator of Acute Radiation Injury in Mlee and Non-Human Primates. PlosONE, 
7(2) , e30434 
11. Farese AM, Cohen MV et al, 2012. A non human primate model of the hematopoietic acute 
radiations ndrOtifH~ lus medical mana emenL Health Ph s, 103 4 :367Y3a2: 20112 

13, ational Comprehensive Ganeer Network. 2 13 . 2002 guidelines forthe IUS@ of anllmicrobfial agents 
in neutropenic patlents with cancer. Retrieved from 
http;/ /www.nccn.org/prof es sional slphysician _glsfpdf/inf ections.pdf 
14. Alison G. Freifeld, Eric J. Bow, Kent A. Sepkowitz. Michael J. Boeckh, James I. Ito, Craig A. Mullen, 
lssam I. IRaad, Kenneth V. Rolston, Jo-Anne H. Young, and John R. Wingard 
Clinical Practice Guideline for the Use of Antimicrobial Agents in Neutropenic Patients with Cancer: 2010 
Update by the lniectious Diseases Society of America, Clin Infect Dis, (2011) 52 (4) : e56-e93 
dol: 10.1093/cid/cir073 
15. Flowets CR. Seidenfeld J , Bow EJ, Karten C, Gleason C, Hawley DK, Kuderef NM. Langston AA, 
Marr KA, Rolston KV, Ramsey SD. 2013 Antimicrobial prophylaxis and outpatient management of fever 
and neutropenia in adults treated for malignancy: American Society of Clinical Oncology clinical practice 
guideline. J Clin Oneal. ;31 (6) :794· 81 O. 
16. Geftet-Gvill A, Fraser A, Paul M, Vidal I.., Law,ie TA, van de Wetering MD, Kremer L..C, Leibovk i I... 
2012. Antibiotio rprophyiaxis for bacterial infections in afebrile neutropenic patients ·following 
chemotherapy. Cochrane Database Syst Rev; Jan 16;1 :CD004386 
17. Department of Health and Human Services, Radiation emergency medical management. (2013, 
Augus'q 30), Prototype for adult and pediatrlo medical orders during a radiation incident. Retrieved from 
http://www.re mm. nlm .gov/adultorderf orm.htm 
16. MacVittie T J, Farese AM, Bennett A, Gelfond D, Shea-Donohue T, Tudor G, Booth C, McFarland E, 
Jackson W 3rd. The acute gastroinleslinal subsyndrome of 1he acute radiation syndrome; a rhesus 
macaque model. Health Phys, 2bi2 Oct;103 (4):411 ~26 
19. Soiefer Al. Toxocity associaled with single chemical ex:posures. Chapter 2. In: Toxicology 
Testing Handbook: Principles, Applications, and Data Interpretation. Edited by David 
Jacobson-Kram. Kit A. Kelle 
20. Jacobsen, K. 0., V. Villa, V. L. Miner, and M. H. Whitnall. 2004. Effects of anesthesia andl vehicle 
injection on cltculaling blood elements In C3H/HeN male mice. Conlemp Top Lab Anim Sci 43:8-12. 
21. BVAJFRAME/RSPCAl1JFAIN Joint Working Group on Refinement Removal of blood from laboratory 
mammals and birds. l"irst report. Lab. Anim. (1993) 27, 1-22 
22. MtG'Ll ill M.W. and Rowan A.N .. Biological Effects of Blood Loss: Implications for Sampling Volumes 
and Techniques. ILAR News ( 1989). 31 (4): 5-18; Diehl et all (J. Appl. Toxicol. 21, 15-23 (2001)) 

X. ASSURANCES 

Protocoi 'fitie: Minipig model of H-ARS for drug screening protocols relevant to mass casual ty· 
scale treatment 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the ac!ivitles and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 
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6, Duplication of Effort; I have made every effort to ensure thal this protocol is not an unnecessary 
duplication of previous experiments. 

c, Stallstlcal As:surance; I assure that I have consulted with a qualified Individual who evaluiated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed f.or scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and tegulatlons concerning radiation protection, biosafety, recombinaht issues, and so 
forth, in the preparation of this pr'otocol. 

E. Trainin:g: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been pr-operly trained to 
ensure that no unnecessary pain or distress will be caused Lo the animals as a result of the procedures I 
manipulations. 

F. Responsibility; I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that alt individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well·being of the 
research animals. Additionally. I pledge to conduct this study in the spirit of the fourth "A", nameiy, 
"Responsibility,'' which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Sdentific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. P'ainful Procedure(s): I AM I AM NOT oonduoiing biomedical experiments, which may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have c;onsidered alternatives to such procedures; however, 11 have determined that alternative 
procedures are not available to accomplish the objectives of this proposed @)(periment 

(<~(~) I 
nncipal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(March 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (A WAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and DOD instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular, size 12, black font to prepare the protocol. With the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked N/A. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRJ Veterinary Sciences 
Department (VSD) or similar VSD·validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators {Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., concepts, 
Ideas, experimental approaches, etc.), some of which Is innovative or original and therefore 
considered proprietary to the investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PIROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROlOCOL NUMBERj(b)(B) I 

Submission Date: 3/412014 2"° Resubmission D<ite: 

Approved/Returned for Revision: 3i1912014 Approved/Approval Withheld by IACUC: 

1" Resubmission Date: 3i2112014 EXPIRATION OAlE: 312712017 

Approved/Returned tor Revision: 3128/2014 Previous Protocol Number (ii related) 

SECOND TIER REVIEW 
(if reauiredl 

Suomission Date: Approved/Returned tor Revision: 

Approved/Re1urned for Revision: 2°• Resubmission Date: 

1" Resubmission Dare: Approved/Approval Withheld: 

NOTES to Pl : 
• To DISPLAY this Word document's red-text instructions, Rtv1ew Iii'" Ohtloptt 

single-click Word's Show/Hide button \shown, right), 
located in Word's top-of-page panel (click Word's 
"Home· tab if Show/Hide isn't displayed). 

• To HIDE the red-text instructions, single-click the 
Show/Hide button again. 

..... 

• For each section ard subsection, enter your text into the underlined data field ( ) only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME OF FACILITY: Armed Forces Radiobiology Research Institute 

II. PROTOCOL NUMBER:l(b){B) I 
Ill. PROTOCOL TITLE: Characterization and validation of biomarkers orl(S)(

4
) I a 

promising radiation countermeasure; in mice (Mus musculus) 

IV. PRINCIPAL INVESTIGATOR: 

Date 
O)(tl) I 
Ra~on t:ounte'j11"~!Ws P.rooram _AFRRlfb><

5
> 

if e~ < l!ax __ I 
1(6)(6) 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientilic review 
and is consislent with good scientific research practice. 
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PhD, Lt Col, USAF 
..,..,..."---r-,or"....-""':""r!'--,..,:- - epa rt me nt, A FR RI 
~,..,..........._ _ _._ _____ ~F_ax : ~lto_>1_6J ____ ~ 

Date 

VI. STATISTllCAL FtEVIEW: A pe(son knowledgeable in biostatistics reviewed this proposal and 
ensures mat the number of animals used is appropriate to obtain sufficient data and/or is nof excessive. 
and the statistical design is appropriate for the intent of the study 

-.P _l<6_) __________ __.IPhD 
Sta~istician 

Date 

f ,elephone t""'(o .... )(6 ... )-------.! Faxl(bk6) 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the Attending 
Veterinarian was consulted in the planning of procedures and manipulations that may cause more than 
sl1ighl of momentary pain or distress, even if relieved by anesthetics or analgeslos. 

Date 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review tor safety and 
biohazards. (Attach copy of completed AFAR/ Form 310. ~HS Aesearch Protocol Hazard Analysis) 

1Mi6> I Date 
Environmental Health and Safet De ,artment, USUHS 
felephone:!ibJ(s:i I Fax: 1b 16) 

l{b)(G) I _ ________ _, 

IX. IACUC ~PPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on _____ _ 

(Date) 

Ph.D. 

~~ ........ ~~a...,rtment, AFRRI 
_ _... ________ ......,. Faxt .... iD_J(&_3 ____ __. 
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PROTOCOL TITLE: Characterization and validation of biomarkers otfb){4} I a 
promising radiation countermeasure, in mice (Mus musculus) 

PRINCIPAL INVl:STIGATOR: 

I eb o Date 

CO-INVESTIGATOR(S): N/AAFRRI SCIENTIFIC RESEARCH PROTOCOL NUMBER: 
116)(6) I 
I. NON· TECHNICAL SYNOPSIS: The threat of a limit0d radiological attack on 
American cities (i.e. a ''dirty" bomb), or a nuclear accident, requires the development of 
a radiation countermeasure capable of protecting the hematopoietic system and 
gastrointestinal (G I) tract of military personnel, who might have to enter a contaminated 
area, or capable of mitigating radiation lethality in the general population. At present 
there is no effective treatment for the acute radiatio ns ndrome.((6)(4) I 

promotes recovery of radiation 
......... --~--............. ~---------""'"'E_...~~..---...-...--.-1 

stimulatin DNA re air and cell survival athways. Studies conducted 
'-er"l ....... -------------------------------....J have shown promising 

efficacy of both as a protector and a mitigator of acute radiation syndrome 
~ouse models. Clinical studie~ in hum.ans suppo.rt an excellent safety profile of 
~In the current protocol the main focus 1s to opt1m1ze the dose of f6)<4

> Ito 
mitigate the effects of rad iation by monitoring the biomarkers, and to conduct efficacy 
study in mice. For efficacy study, drug wi ll be tested by administering it through 
subcutaneous and oral routes. Drug will be evaluated in two different strains of mice. 

II. BACKGROUIND 

II .1. Backgr,ound: 

Military and civil defense organizations have an urgent requirement for medically 
effective radiation countermeasures, including radiation protectors, mitigators and 
therapeutics. Radiation countermeasures that mitigate the harmful effects and promote 
recovery from radiation injury will have stringent requirements in terms of ~ack of toxicity, 
ease-of-use for administration, storage at environmental temperatures, suited for 
administr.ation by non-medical personnel ; and capability of enhancing survival in the 
absence of ancillary medical support. Although such efforts were init iated more than half 
a century ago, no safe and effective radiation countermeasure has been approved by 
the United States Food and Drug Administration (FDA} tor ARS (1, 10, 19). 

Scientists at <bX4J the Armed For~es Radiobiolo ~search 
Institute AFRRI b > 
b)<4l have conducted extensive studies to 
demonstrate ra 1at1on protecting an m1t1gating effects of injectable (subcutaneous, sc) 
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and oral (po)fb>l4> I Safety and tolerability otfb}(a} have been 
established Jn GLP-compliant nonclinical studies arnd in 4 clinical safet -1.t@ls in healthy 
adults. These r,esults are published in -eer·reviewed ·ournals and included 
in 2 active U.S. FDA IND exemptions 1°><6> (b itigates 
deleterious radiation effects by enhancing DNA damage repair pat ways, rather than 
intervening in the free: radical cascade. Thus, its window of effectiveness is relatively 
long, extending from a day before to a day or more after exposure to radiation. 

Preliminary studies on biomarker analysis in mouse tissue specimens using 
Nano-immunoassay: A novel analytical method termed, Nanoscale lrnmuno Assay 
(NIA) is capable of rapidly and reproducibly quantifying proteins and their 
phosphorylatJon states in very small nonciinlcal and clinical specimens and has been 
developed by fb)(a\,(b)(5) IN I A assays ~ave been 
validated to measure [proteins that mediate cell survival, proliferation1 cell cycle and 
apoptotic pathways. Preliminary studies were conducted in mice dosed orally wltn either 

A 
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Figure 1. NIA analy<I< of Al(Tlevels In mous• bo~ +/~admlni<tntlon. A) NIA reveal< t nree pliosphorylated 
peaks of AKT2 In mouse bone marrow (control); B ~ reatment in villO induces slmilar AKT profiles in bone marrow 
from (hAm -irradiated and irradiated mice IAKT2 profiles, correlation -= 0 .94) 

vehicle or drug with or without radiation. After 24 h post-irradiation administration of 
drug, mice were sacrificed, bone marrow was removed and the cell lysates were 
analyzed by NIA. The data in figure 1 A show that the unphosphorylated AKT and the 
various forms of phosphorylated AKT (A1 Band C) were successfully resolved and 
quantified by NIA. The data in figure 1 B confirms the up-regulation of Akt2 in bone 
marrow samples from mice treated with IM<4> lwith or withou1 radiation. 
Simultaneously, there is a corresponding down regulation In unphosphorylated AKT. 
Importantly, correlation in percent change from baseline in AKT2 isoforms between 
"sham ir<adiated plus drug· and "irradiated plus drug" was 0.94. This innate effect of 
drug on the unphosphorylated levels of AKT and p·AKT, in presence or absence of 
radiation, could be used to correlate the efficacy of drug in pivotal mouse and NHP 
studies in therapeutic settings. These preliminary studies demonstrate the potential 
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value of p-AKT2 as a biomarker to follow the drug effect in the absence of radiation 
during pivotal safety studies in healthy human volunteers. 

Understanding changes in signaling and correla1ing these changes with the 
mechanism of action provides a path to meeting the challenges of drug approval under 
the Animal Rule. Results herein provide a promising avenue towards this goal. 
Additional studies and confirmation under different scenarios, along with validation 
which is a part of this proposal, may permit correlation of an informative biomarker with 
expected efficacy parameters. 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 

Best effort has been made to find any possibility for duplication, The following 
data bases have been searched: 

a. PubMed 
b. BRO - DOD Biomedical Research Database 
c. RePORTER 

11.2.2. Date of Search 

Pubmed- 12-20-2013 
BAD- 12-20-2013 
RePORTER- 12-20-2013 

11.2.3. Period of Search 

PubMed - 1 965~20 1 3 

BRD - 1998-2013 
FEDRIP- 1992-2013 

11.2.4. Key Words of Search 

1. ANO radiation 
2. AND mice 
3. AND mice AND radiation 
4. ND radiation AND efficacy 
5. AND pancytopenia 
6. AND bone marrow 
7. Tween-80 AND mice 
8. Tween 80 AND mice AND radiation 

11.2.5. Results of Search 
Pub Med 

Search string 1 : We found 9 references, which did not address the questions fa be 
tested in this protocol. 

Search string 2: We found 6 references, none of which addressed the questions to be 
tested in this protocol. 

Search sting 3: We found 6 references, none of wh ich addressed the questions to be 
tested in this protocol. 
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Search string 4: We found 2 references which does not address the questions to be 
tested in this protocol. 

Search string 5: We found 0 references. 
Search String 6: We found 3 references. none of which addressed the questions to be 

tested in this protocol. 
Search String 7: We found 3 references. none of which addressed the questions to be 

tested in th is protocol. 
Search String 8: We found 22 references, none of wh ich addressed the questions to be 
tested in this protocol. 

BRO 

Search string 1: We found 11 references, none of which addressed the qu:estions to be 
tested in this protocol. 
Search string 2: We found 3 references; none of which addressed the questions to be 
tested in this prolocol. 
S®arch sting 3: We found 3 references, none of wh ich addressed the questions to be 
tested in this protocol. 
Search string 4: We fouhd 3 references, none ot which addressed the questions to be 
tested in this protocol. 
Search string 5: We found 1 reference, which does not address the questions to be 
tested in this protocol. 
Search String 6 : We found 1 reference, which does not address the questions to be 
tested in this protocol. 
Search String 7: We found 569 references, none of which addressed the questions to 
be tested in this protocol. 
Search String 8: We found 1 reference, which does not address the questions to be 
tested in this protocol. 

Re PORTER 

Search string 1: We found 0 references. 
Search string 2: We found 0 references. 
Search sting 3: We found O references. 
Search string 4: We found 0 references. 
Search string 5: We found O references. 
Search String 6: We found O references. 
Search String 7: We found 70 references, none of which addressed the questions to be 
tested in this protocol. 
Search String 8 : We found 23 references, none of which addressed the questions to be 
tested in this protocol. 

Initial studies investigating the efficacy and mechanism of l(o\t4> lhave been 
conducted in mice and in-vitro models. Efficacy studies with radiation doses ranging 
from 5 - 15 Gy have been conducted. Previous results demonstrated that mice injected 
with the drug subcutaneously at one dose at -24h and -15 min prior to TBI resultrd in 
significant protection of mice. These preliminary studies suggested thad(bi<'Ois a 
promising radiation countermeasure and warrants continued development. Previous 
studies have not systematically determined the optimal dose and schedule of 
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administration using biomarkers and oral route of administration. In this study we will be 
using biomarkers. identified from the In vitro cell-based studies, to optimize the dose 
and schedule of administration ofl(Ol<4> land to correlate the biomarker levels with its 
efficacy. In addition we are evaluating the oral route of administration to determine the 
e1ficacy oft!b)(4) I We believe that this is a systematic approach to optimize the 
dosing regimen, evaluate the efficacy o!fl>><4

> land validate the biomarkers at the 
same time. Overall , the search did not reveal any duplication1 ~1Uf the rroposed study 
would provide valuable information about the development of 1 as a radiation 
countermeasure. 

Ill. OBJECTIVE/HYPOTHESIS: 

In the current protocol we are proposing to utilize the biomarkers to optimize 
dose and schedule of administration and validate these markers in mouse models of 
radiation protection. Validation of biomarkers is a critical step in the development of 
radiation countermeasures since human efficacy studies are neither ethical nor feasible. 
FDA guidance on ''Animal Rule" (21 CFR 314.600 for drugs) states, "The data or 
information on the pharmacokinetics and pharmacodynamics of the product or other 
relevant data or information, in animals and humans, allows selection of an effective 
dose in humans. " (21CFR314.610(a) (1)· (4}; 21CFR601.91(a)(1)·{4)). Hence, a 
validated biomarker will be a critical milestone for optimizing the effective dose in 
humans (1 , 23). 

We plan to optimize the dose and schedule of oral administration or lt5><
4
> lin 

mouse models using biomarker expression in bone marrow (BM) and peripheral blood 
mononucl~ cells iPBMCs), Using these optimal conditions, we will evaluate the 
efficacy of _141 _in mouse models of radiation protection and also validate the 
biomarkers. The main objectives are (a) optimize the dose and schedule of 
administration based on biomarker response; (b) demonstrate drug dose-response in 
enhancing survival and hematopoietic recovery; (c) validate the biomarkers identified 
frorn cell line studies; d} determine dose reduction factol(~grF) al optimum~6>t4) _ I 
dose and schedule; and e) evaluate the effectiveness of in two additional 
mouse strains (C57BL/6 and CD2F1), to address the genetic heterogeneity such as 
encountered in human populations. 

IV. MILITARY RELEVANCE 

Currently, there are no FDA approved pharmaceutical agents that can prevent or 
treat injury from external ionizing radiation. The problem has become more acute in 
recent times due to the unpredictable nature of terrorist attacks. Recognizing th is urgent 
need, the U.S. Department of Defense has assigned top priority to the "development of 
medical countermeasures to radiation exposure" against both early and late arising 
health effects. These concerns imply the urgent need to develop an appropriate 
countermeasure for radiation injuries potentially sustained by war fighters during combat 
operations and enable commanders to make judicious decisions in troop deployment. 
fhere are several drugs at different stages of the development~y will perform 
essential research and development of a promising new agent~ as a therapy 
for potential Injuries sustained by military personnel who have been accidentally 
exposed to ionizing radiation. 
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V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

We propose to do the following experiments to utilize biomarkers ot ""l10_><
4
_> __ _. 

treatment to optimize dose and schedule of administration. Optimal dose and schedule 
ot fb><4> I administration will be used to evaluate its in protecting mice from total body 
irradiation and thus validate the biomarkers. Details of subsequent experiments will be 
based on results obtained in previous experiment. 

V.1.1 . Experiment 1. Dose optimization orl<bX4) lustng blomarker levels In 
C3H/HeN mice: In this experiment our main objecti1ve is to analyze biomarker (p53, 
mdm2, p21, p73, c-abl, chk1. pAKT, pGsk-3, pS6; pMAPK. pRAF, PTEN etc} levels. 
identified from the cell-based ass~ys, in bone marrO:ti JBM) and peripheral blood 
mononuclear cells (PBMCs) of mice as a function o~tbH'4T ldose response. C3H/HeN 
mice will !be dosed orally withl(b){a) l(Low = 250 mg/kg, medium== 500 mg/kg ; t1igh = 
750 mg/kg body weight) along with appropriate vehicle controls at -24 hand -15 
minutes prior to TBI (LD50/30). Following groups wiill be included in the study: 1) 
Radiation atone, 2) Vehicle control (oral) + Radiation, 3) Radiation +250 mg/kg of drug 
(oral), 4) fladiation+ 500 mg/kg of drug (oral), 5) Radiation + 750 mg/kg of drug (oral) , 
6) Drug alone at 250 mg/kg (oral), 7) Drug atone at 500 mg/kg (oral), 8) Drug alone at 
750 mg/kg (oral}. 9) Vehicle alone. Mice will be sacrificed 24 and 48 h after final drug 
administration to collect BM and PBMCs. Biomarker levels will be analyzed by Western
blot. Radiation dose for this study will be 7.5 Gy (TBI). We expect the biomarker level to 
be responsive tofb)(4) !administration in a dose dependent manner both in the 

resence and absence of radiation. Earlier studies indicate o 'timal dose is 500 m --
J< ) 

C3H/HeN mice needed: 9 treatment groups x 6 mice per group x two time points (24 
and 48 h) = 108 

V.1.2. Experiment 2. Biomarker-guided optimization of schedule of1...ll6_l(4_1 _ ___, 

administration in C3H/HeN mice: The objective here is to optimize the schedule of 
administration ofl(b)(a) lusing biomarker levels in BM and PBMCs and the optimal 
dose determined from the previous exoeriment. Previous studies have used -24 h and -
15 min prior to T~inisterllb)<4l I by sc route. We will explore administering 
multiple doses o~prior to TBI to determine the effect on biomarker levels in 
Q:iH/HeN mice and determine the optimal schedule of administration. Optimal dose of 
(W1 Jas determined from the above experiment will be administered orally to 
C3H/HeN mice (6 mice per group + appropriate vehicle controls for each time point) at 
1) -24 h a net -15 min; 2) -24 h, -12 h and -15 min; 3) -24 h, -18 h, -12 h and -15 min ~ 4) -
24 h, -18 h, -12 h, -6 hand -15 min and 5) vehicle control for each schedule 
administered before TBI (7.5 Gy). Mice will be sacrificed to collect BM and PBMCs at 24 
and 48 h after final drug administration. BM and PBMC cell pellets will be lysed for 
biomarker analysis by Western-blot. 

C3H/HeN mice needed: 2 treatments groups (drug and vehicle) x 5 treatment regimens 
x 6 mice per group x 2 time points = 120 mice 
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V.1.3. Experiment 3. Experiment 3. Dose response survival study and validation of 
biomarkers in C3H/HeN mice: To determine survival efficacy as a function of oral drug 
dose post-TBI and to correlate with biomarker levels fro~us experiments. 
C3HfHeN mice will ce dosed orally with optimal dose of~ and one aose below 
and one dose above the optimal dose, along ·..vith appropriate vehicle controls. at the 
optimal schedule as determined from above experiment Following groups w .... ;1 ... 1 b~e~
included in the study: 1) Radiation alQn_e 2) Vehicle control for lower dose of6)(4) I 
(oral) + Radiation, 3) Radiation ~(o)14! idose lower than optimal dose oral\ 4) veh icle 
control for optimal drug dose + radiation, 5} Radiation+ optimal dose_o (b 

4
) (oral1), 

6) vehicle control for higher drug dose+ radiation, 7) Radiation dose higher 
than optimal dose (oral), and 8) subcutaneous (.sc) administration of arug at 500 mg/kg 
body weight and radiation as positive control. Mice will be monitored for survival for 30 d 
post-irradiation. Radiation dose for this study will be 7.5 Gy (TBI). 

C3H/HleN mice needed: 8 treatment groups x 16 mice per group x 2 experiments= 256 

V.1.4. Experiment 4. Dose reduction factor (ORF) survival study at optimum dose 
and schedule In C-3Hl/HeN mice: The objective of this experiment is to determine the 
dose reduction ·factor (ORF) at the optimal oral dose and schedule determined from 
above studies along with appropriate vehicle controls. C3H/HeN mice (16 mice per 
group) will be administered drug prior to TBI at 6 doses (6 different doses of radiation 
between 6 and 11 Gy, sub-lethal to 100'% lethal for both sets of mice} will be selected 
for vehicle and l~!Yig trejt~d _ani.mal_s. we.have publish~d such studies earlier with 
several agents l < Mice will be monitored for survival for 30 d. 

C3H/HeN mice needed: 2 treatments groups {drug and vehicle) x 6 radiation doses x 16 
mice per group = 192) 

V .1.5. Experiment 5. Hematopoietic rescue study in C3H/HeN mice 

To evaluate hematopoietic rescue by oral~admfnistration in C3H/HeN 
mice, mice (6 mice per group per time point) wil l~sed to sublethal TBI dose (4 
Gy), followed by optimal oral dose regimen of l<b>(4> ](+ appropriate vehicle controls). 
Hematopoietic response will be assessed by peripheral blood cell counts and by the 
number of surviving BM progenitors committed to the myeloid lineage of ditferentiatton. 
Perlpheral blood wiU be collected f rom posterior vena cava using 1 ml syringe and 23 G 
needle (please also see section V.4.4.2. Biosamples) and counted at 3, 5, 7, 14, 21 and 
28 d after TBI. We have published such results with other radiation countermeasU1res 
(17}. Values for vehicle and drug alone (no radiation) at 3 d will serve as baseline 
controls. 

C3H/HeN mice needed: (2 treatments groups (drug and vehicle) x 6 time points x 6 
mice per group + 12 animals for baseline control without radiation -with and without 
drug - 6 each} x 2 experiments = 168 

V .1.6. Experiment 6. Radiation dose survival study in C57BU6 and CD2F1 mice 
strains : To determine radiation dose-response on oral 1'0><

4
> !efficacy in two other 

mouse strains to address genetic heterogeneity, C57BU6 mice (1 6 mice per group) and 
CD2F1 mice (16 mice per group) will be exposed to varying doses of radiation including 
L030130, LDso1so, and LD70l3o (will be determined based on results above experiment# 4 
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for ORF) after oral administration ofl(b}(4) lor vehicle at optimal dose and schedule. 
Mice will be scored for survival for 30 d. 

C578U6 and CD2F1 mice needed: 2 treatments groups (drug and veh icle) x 3 radiation 
doses x 16 mice per group x 2 experiments = 192 of each strain 

V.1.7. Experiment 7. Hematopoietic rescue study in C57BL/6 mice and CD2F1 
mice strains: To confirm the hematopoietic rescue by orailc6)(4) lin two other mouse 
strains to address genetic heterogeneity, C57BU6 mice (6 mice per time point) and 
CD2F1 s~r~in (~mice ~er time point) _will be exposed to sub-lethal dose of r~diation after 
oral adm1rnstrat1on otl( l4> I or vehicle at optimal dose and schedule. Peripheral blood 
cell counts and the numt:>er of surviving BM progenitors committee to the rnyeloi'd 
lineage of differentiation will be determined at 3, 5, 7, 14, 21 and 30 dafter TBI as 
d~scribed above under experiment 5. Values for vehicle and drug alone (no radiation} at 
3 d w ill serve as baseline controls, 

C57BL/6 and CD2F1 mice needed: (2 treatments groups (drug and vehicle) x 6 time 
points x 6 mice per group+ 12 animals tor baseline control w ithout radiation - with and 
without drug - 6 each) x 2 experiments ::: 168 of each strain 

Total C3H/HeN mice needed for this Protocol : 

Experiments Total c D E 
Experiment 1 108 48 60 
Experiment 2 120 0 0 120 
Experiment 3 256 0 0 256 
Experiment 4 192 0 0 192 
Experiment 5 168 0 24 144 
Sub total 844 0 72 772 
For training and technique establishment, 42 0 42 
odd weight (5%) 
Total C3H/HeN mice required for this 886 0 114 1 772 
proltocol 

Total C57BL/6 mice needed for this Protocol : 

Experiments Total c 0 E 
Experiment 6 192 0 0 192 
Experiment 7 168 0 24 144 
Sub total 360 0 24 336 
For training and technique establishment, 18 0 18 0 
odd weioht (5%) 
Total C57BL/6 mice required for this 378 0 42 336 
protocol 

Total CD2F1 mice needed for this Protocol: 

Experiments Total c Dl E 
Experiment 6 192 0 01 192 
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Experiment 7 168 0 24 144 
Sub total 360 0 24 336 
For training and technique establishment, 18 0 18 0 
odd weiqht (5%) 
Total CD2F1 mice required for this 378 0 42 336 
protocol 

Unirradiated animals used for blood collection under anesthesia have been placed 
under category D. 

V.2. Data Analysis 

Mean with standard errors, or percentages, will be reported if applicable. The 
significance level will be set at 5% for each test. Under the similar situations for a given 
experiment, two independent replicates of data will be pooled. Poolability will be 
assessed. Statistical software, PC SAS will be used for statistical analyses. 

Experiment 1: Analysis of variance (ANOVA) will be used to detect if there is a 
significant difference among the groups for a biomarker. If significant, Student-Newman
Keuls multiple range test will be used to do all the possible pair-wise comparisons to 
identify which group is significantly different from the other. A two-way ANOVA will be 
used to detect if there is any significant difference between the two replicated 
experiments across the groups. If not significant, then we will pool the two replicated 
experiments for each group for our statistical analysis. If we can pool them (as 
expected), then the sample size per group (N=16) would have 80% power to detect a 
significant difference between two groups if any, given type I error of 5% and 
delta/sigma has at least 1 .03, where the delta is the estimated mean differences 
between the two groups and sigma is the standard deviation of the ANOVA model ( 14 ). 

Experiment 2, 3 and 6: Comparison of survival curves will be made using the log
rank test. Fisher's exact test will be used to detect if there is a significant difference 
across the groups in survival rates. N = 16 mice per group would have 80% power to 
detect a significant difference between two groups, given type I error of 5%, a treatment 
group survival rate of at least 79%, and vehicle group survival of 25%. A similar 
statement would apply, provided the treatment group survival was at least 84%, 88%, or 
91 %, if the vehicle group survival was 30%, 35% or 40%, respectively (52). 

Experiment 4: Probit analysis will be used to estimate the DRF. The ORF will be 
estimated as the ratio of the radiation LD-50/30 for mMPc versus vehicle, and 95% 
confidence interval will be derived. 

Experiment 5 and 7: Analysis of variance (ANOVA) will be used to find overall 
significant differences among treatment groups. If a difference is significant, pair-wise 
Tukey-Kramer comparisons will be used to identify specific differences between groups. 
Similarly additional data will be analyzed. 
The eight mice per group for each experiment, N=8 per group will have 80% power to 
detect any significant difference between groups if any, given type I error of 5% and 
delta/sigma has at least 1.6, where the delta is the estimated mean differences between 
the two groups and sigma is the pooled standard deviation of the two groups [26]. 
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V.3. Laboratory Animals Requlred and Justification 

V.3.1. Non-anlmal Alternatives Considered 

Both computer models and tissue culture have been considered as alternatives 
to animals. These alternatives lack the knowledge base and complexity needed to 
evaluate the effects of radiation and radiation countermeasures on the immune system. 
The phenomena under study involve complex information-processing networks 
comprising large number of cell types and biological signal transduction molecules. 
Responses to irradiation and radioprotective agents involve interactions between the 
central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
system, gastrointestinal system etc. We do not know all of the cell types and tissues 
involved and many of the signal transduction molecules have not been discovered yet. 
Even if all of the tissues, cell types and signaling molecules were known, the present 
state of tissue culture would be incapable of reproducing their in vivo relationships. One 
would have to reproduce much of an entire mammalian organism in culture to study 
these phenomena ;n vitro. As for computer models, the most powerful supercomputers 
available in the near future would be incapable of analyzing interactions between so 
many elements in the network. Thus, these drugs necessitate investigation in whole 
animal models to see overall outcome. 

V.3.2. Animal Model and Species Justification: Evaluation of radiation 
countermeasures in in vivo model is the only option avai lable for identifying clinically 
safe and non-toxic radiation countermeasures. The murine model is immunologically the 
most well defined animal model for research. The murine model is also the most studied 
animal model, and has significant immunological similarity to higher animals and 
humans. This model is also preferred over any other in vivo model due to readily 
available immunological and molecular biology research reagents. AFRRI staff has 
extensive experience with several strains of mice in radiation injury and radioprotection 
research. Pl has extensive experience with C57BU6, CD2F1 , and C3H/HeN mice. We 
will be uj~~ C3H(HeN, C57BU6, and CD2F1 mice for selected experiments in this 
protocoL(( ) is effective against moderately low dose of radiation and has been 
evaluated earlier only in C3H/HeN strain of mice (mostly sc route, few expt with oral 
route) as stated above. C3H/HeN is comparatively radiosensitive strain. Its LDso value is 
lower than C57BL/6 and CD2F1 . We are interested to conduct limited evaluation in two 
other strains (C57BU6 and CD2F1 - comparatively radioresistant) of mice. Such study 
will demonstrate that this drug efficacy is not strain specific or efficacy is limited to 
radiosensitive sensitive strains.V.3.3. Laboratory Animals 

V.3.3.1. Genus/Species 

Mus musculus, Laboratory mouse 

V.3.3.2. Strain/Stock 

C3H/HeN, C57BU6. and CD2F1 

V.3.3.3. Source/Vendor 

C3H/HeN, C57BL/6, and CD2F1 mice will be purchased from a VSD approved 
vendor (the preferred vendor for C57BL/6 is Jackson Laboratory, 600 Main St. , Bar 
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Harbor, Maine 04609-1500; Tel: 207-288-5845; State of Maine animal welfare license 
is R012, the preferred vendor for C3H/HeN and CD2F1 mice is Harlan Labs 
Indianapolis, Indiana 46229 - 0176; USDA License Number 32-A-0083). 

V.3.3.4. Age 

6-12 weeks old 

V.3.3.5. Weight 

20-25 g 

V.3.3.6. Sex 

Male 

Justification for using only male mice: Previous studies have been performed 
using male mice, so males are needed for data comparison. Also there is possibillty that 
female hormone variation may interfere with our results. To see the effect of this drug in 
both sexes, we need to repeat such experiments in fem ales. To minimize the number of 
animals, and to keep variables minimized, it was decided that the study will be 
performed only in one sex (male). 

V.3.3.7. Special Considerations 

Commercially procured animals must be adventitious disease free, including: 
Pseudomonas aeruginosa, and Pasteurella. All mice need to be free of the following 
agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus-3 (Reo 3), Mouse 
Adenovirus (MAD-1, MAD-2), Mouse Cytomegalovirus Virus (MCMV), Ectromelia, K 
virus, Lymphocytic Choriomeningitis Virus (LCM), Epidemic Diarrhea of Infant Mice 
(EDIM), Hantaan virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse 
Minute Virus (MMV), Mouse Thymic Virus (MTV), Theiler's Mouse Encephalomyelitis 
Virus (TMEV/GDVll), Encephalitozoon cuniculi, CAR bacillus, Mycoplasma pulmonis, 
Clostridium piliforme, and C. difficile. Mice should also be endoparasite- and 
ectopa rasite-free. 

V.3.4. Number of Animals Required (by species) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 

Moribund animals will be euthanized immediately to minimize the magnitude and 
duration of suffering those animals might experience when they are subjected to toxic 
effects of ionizing radiation. Under such situation moribundity will be used as a 
surrogate for death in animals and will be considered to have arrived at the endpoint. 
Pain experienced by injection will be minimized by the use of higher gauge needles. 

V.3.5.2. Reduction 

As we move forward with experiments, plans will be reevaluated at every stage 
of the experiments, in light of incoming data in an attempt to reduce the numbers of 
experiments and groups, if possible. If deemed not necessary based on incoming data, 
some investigations may not be carried out to optimize the use of experimental animals. 

V.3.5.3. Replacement 
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It is not feasible to use non-animal systems in place of in vivo animal models to 
address the research questions proposed in th is IACUC protocol. 

V.4. Technical Methods 

V.4.1. Pain/Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C .......... O 

V.4.1.1.1.2. Column D .......... 198 

V.4.1.1.1.3. Column E .......... 1,444 

V.4.1.1.1.4. Pain Category Assignments 

Experiments 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 
Experiment 7 
Sub total 
For training & technique establishment, odd 
weiQht (5%) 
Total mice required for this protocol 

Total 
108 
120 
256 
192 
168 
384 
336 

1,564 
78 

1,642 

c D E 
0 48 60 
0 0 120 
0 0 256 
0 0 192 
0 24 144 
0 0 384 
0 48 288 
0 120 
0 78 0 

0 198 1,444 

Unirradiated animals used for blood collection under anesthesia have been placed 
under category D 

V.4.1.2. Pain Relief/Prevention 

V .4.1.2.1. Anesthesia/ Analgesia/Tranquilization 

Since anesthesia, analgesia, and tranquilizers are known to affect functions of 
the immune system of animals, we do not plan to use analgesic/anesthetic agents 
during course of the experiment after irradiation (2, 5, 6). 

Animals in experiments involving blood/tissue collection (different organs) will be 
deeply anesthetized using isofluorane before blood collection. Next, animals will be 
euthanized by exsanguination with confirmation by cervical dislocation before tissue 
collection. 

V.4.1.2.2. Pre- and Post-procedural Provisions 

Mice will be housed under standard conditions both before and after radiation 
procedures in accordance with VSD mouse Standard Operating Procedure (see section 
V.5). 
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V.4.1.2.3. Paralytics 

No paralytic agent will be used in this study. 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures

V .4.1.3.1 . Sources Searched 

AGRICOLA 
Pub Med 
IVIS 

V.4.1.3.2. Date of Search 

Agricola-12/19/201 3 
Pub Meda 12/19/2013 
IVIS· 12/19/2013 

V .4.1 .3.3. Period of Search 

ARGICOLA-1966-2013 
PubMed - 1965-2013 
IVIS - 1998-2013 

V.4.1.3.4. Key Words of Search 

~G>!4> I AND "Pain" 
"Ionizing radiation" AND "pain" 

"Ionizing radiation'' ANO "mice" 
"Ionizing radiation·· ANO "alternatives" 
"Ionizing radiation" AND "toxicity" 

V.4.1 .3.5. Results of Search 

115
>!
4) IAND " Pain" 

AGIRICOlA: 0 
Pubmed: o 
IVIS:O 

" Ionizing radiation" AND "pain" 

AGIRICOLA: O 
Pubmed: 451 
IVIS: 21 

" Ionizing radiation" AND ''mice" 

AGIRICOL/\: 23 
Pubmed: 3543 
IVIS: 15 

''Ionizing radiation" AND "alternatives" 

AGRICOLA: 2 
Pubmed: 135 
IVIS:2 
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" Ionizing radiation" AND "toxicity" 

AGRICOLA: 20 
Pubmed: 4729 
IVIS: 16 

No reports were found indicating admin istration otrH4
> ~auses pain. Simil'arly, 

there were no reports indicating that irradiation itself causes pain. It has been report!ed 
that whole-body irradiation can cause sedative effect, as Indicated in the tail-flick test in 
rats. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justiftcation 

As stated above, irradiated mice succumb to a compromised immune response. 
In the event that there is pain and distress for animals, as we have already d i,scussed 
under above headings, we cannot give anesthetic/analgesic agents to the animals since 
these agents interact with the immune system, and in turn will affect experimental 
results. 

There are conflicting reports regarding effects of buprenorphine on the immune 
system (3, 9, 11 , 12, 14-16, 24). A majority of reports suggest that buprenorphine 
influences immune response. Since buprenorphine has been shown to influence various 
arms of cellular and humeral immune response (3, 12, 16, 24), we have decided not to 
use it in our study. Non-steroidal anti-inflammatory drugs are not suitable for use in such 
experiments (13). 

V.4.2. Prolonged Restraint: N/A 

V .4.3. Surgery 

V.4.3.1 . Pre-surgical Provisions: NIA 

V.4.3.2. Procedure(s): NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures: 

Irradiation: Mice will be placed in a perforated and well ventilated acrylic plastic 
restrainer (maximum 8 mice in one restrainer). These mice will be exposed to desired 
dose of gamma radiation from bilaterally positioned cobalt-60 sources. 

V.4.3.6.2 Scientific Justification: N/A 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

l(bX4
> ~ill be administered sc with 23 G needle in the nape of the neck. The 

maximum volume for sc administrations will be 0.20 ml per 20 - 25 g animal. 
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4

> lgiven p.o. will be administered in a 0.2-ml volume with a 1-ml syringe 
and a 20-gauge ·feeding canula. which has a ball tip, or a disposable feeding needle, 
which has a silicone rubber tip. One sterile syringe and needle will be used for mice in 
each cage. The feeding needle will be wiped and disinfected between inoculations on a 
gauze sponge that is moistened with 70°/o ethanol (absolute alcohol diluted to 700/o) to 
reduce the microorganisms and saliva on the needle as an extra precaution even 
though the mice share the sipper tube in the water bottle and oral microorganisms as 
well. First p.p. experiment will be conducted in the presence of a veterinarian/vet tech. 

V.4.4.1.1. Phatmaceutioal Grade Drugs: 

Current! (D is in Phase 1 clinical trials for safety and toxicityJ'-!6_H4
_> __ __. 

J for administration in healthy 
volunteers. We will be using the same formulation fn this study. 

116)(4) 

L..1Cb_l(4_l ______ ,..--__________ ___.I All aspects of the solUJtion 
preparation involve GLP grade formulation. 

V.4.4.1 .2. Non-Pharmaceutical Grade Drugs: NIA 

v .4.4.2. Blosamples 

Animals in experiments involving blood!tissue collection (different organs) will be 
deeply anesthetized using isofluorane before blood collection (posterior vena cava). 
Next. animals will be euthanized by exsanguination with confirmation by cervic-al 
dislocation before tissue collection tissue ijejunurn, sternum and femur bones). GI tract, 
sternum and femur bones will be collected post-mortem for histopathology and bone 
marrow analysis for biomarkers. Blood will be used for CBC, blood chemistry, c itrulline, 
and biomarker analysis. 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAb) Production: N/A 

V.4.4.5. Animal Identification 

Each cage will have a cage card. In addition to cage card, another experimental 
card will be displayed before starting the experiment. One cage will have mice of only 
one treatmentfcontrol group. Each card will state the investigator's name, protocol 
number, experiment number, cage number, start date. end date, species, item number 
(animal lot), birthdate, gender, strain, number of an imals in the cage, vendor, arrival 
date, treatments, and dates of death, including the initials of the staff person who found 
and removed the dead animals. 

V.4.4.6. Behavioral Studies: N/AV.4.4.7. Other Procedures: None 

V .4.4.8. Tissue Sharing: 

Bone marrow/PBMC sarn les will be sent to Dr. 
b)( > for Nanoscate 
lmmuno Assay (NIA) for validation of biomarkers. Once protocol is approved, t issue 
sharing document will be initiated. 
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Unused biological samples will be retained tor additional studies. Studies 
planned will depend upon additional funding for supplies and staff in future. 

V.4.4.9. Animal By-Products: N/A 

V.4.5. Study Endpoint 

In all experiments involving blood/tissue collection, mice will be deeply 
anesthetized using isofluorane before blood collection (posterior vena cava). Next, 
animals will be euthanized by exsanguination with confirmation by cervical dislocation 
before tissue (jejunum, sternum and femur bones) collection at a preset time as 
described under experimental design section. All mice that have survived beyond 
experimental duration (30 day post-irradiation) or for moribund mice, if any, will be 
euthanized by C02 followed by cervical dislocation. Na"ive mice, if not used in the 
experiments, will be transferred to another approved protocol, if possible, or euthanized. 
Animals in these studies may become morbid and hence it is critical to define criteria for 
euthanizing mice humanely without compromising the study objective and complying 
with the IACUC recommendations stipulated in Policy Letter #10. Mice will be 
considered morbid based on criteria described in policy # 10. Experimental mice that 
are found morbid, but not moribund, will be allowed to continue in the experimental 
protocol. Once mice are considered morbid, we will monitor them more than twice daily, 
early morning and late afternoon, and evening. 

Mice found moribund will be euthanized by trained and experienced personnel 
listed on this protocol or by trained/experienced VSD staff. Compressed C02 gas in a 
cylinder with a regulator will be used for euthanasia in accordance with the current 
American Veterinary Medical Association (AVMA) Guidelines on Euthanasia - 2013. 
Cervical dislocation will be done following C02 overdose as a secondary method of 
euthanasia. Mice will be considered moribund based on criteria described in policy# 10. 

V.4.6. Euthanasia 

As already mentioned above under various headings, in all experiments involving 
blood/tissue collection, mice will be deeply anesthetized using isofluorane before blood 
collection (posterior vena cava). Next, animals will be euthanized by exsanguination 
with confirmation by cervical dislocation before tissue collection. Terminal C02 
euthanasia will be used for mice that have survived beyond experimental duration (30 
day post-irradiation) or for moribund mice, if any. Compressed C02 gas in a cylinder 
with a regulator wHI be used for euthanasia in accordance with the current American 
Veterinary Medical Association (AVMA) Guidelines on Euthanasia-2013. 
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vm. Appendix A: Clinical 
Euthanasia (Rodent) 

Observations with Criteria 

DATE: 

Appeacarw:e: 

Respiratory rate: 

Time: Animal IDli< 

Normal (smooch ~oat. clea.- eye>l'nose) 
Hunched ondlor nulled 
Ocular discharc,e. and/or edema 
Emaciated. dehydrated (skin lent) •• 
Soll 11ools (fecal 111aner around anus) 
Bloody diaJThea 

Score 

0 
I 
3 
5 
s 
9 

Normal breathin11 O 
Increased breatlling (double normal raR. rapid. shallow) 6 
Abdominal breaihing (gasping+/· open """"" bttalhing)* 12 

General Beh•viur: 
Normol (based°" h<u.tline obseJVations) o 
S11·01ctiing of hind limbs with abdominal molion (,...ii~) or grimm:e (App. Band C) I 
Dccroascd mobility 2 
Ataxia, wobbly, weak .. • 6 
Inability to stand• 12 

Provoked Behavior: 
Normal (moves when cago is disturbed. rul\S from hand (ftlice) or invesligales (rat)) 0 
Subdued: responds to Jlimulacion (moves away briskly) I 
Subd..ed even to stimulation (moves away slowly) 3 
un .... ponsive to gende p.-odding •• 6 
Does nol riglil '"hen placed genily on side within S seconds• 12 

TOTAL 

Detlallive crilerfa for 111orlHdUy; 
Weight Loss up to 10% baseline (if available)•• 
Pale. white mucous membranes/ skin 11 111 

Fever> 104f/40C (if available)•• 

•• Rc1ardles.1 of sc:on, nollfy appropri•te pcnoa 
immcdlai..ly. 

Score~ 

<6 Normal 

DcftniliYe criteria for moribundi1y; 
Weig.hi Loos> :JO% OR< I 5g (adul! mou•e)• 
Blue mucous rnemhnnesl skin (cyanosis)• 
Cool lo the tooch or <&6Fl30C (if available)• 

• Rqordlnsofsc:on, Immediately euthanl~e 
(death Is Imminent) 

6 - 9 Morbid: Monitor al least 3 times per day; notify appropriate personnel immediately 
> 10 Moribund: i'lolify responsible personnel immedillcly for euthanasia (if no single criteria is 12°) 
Any single crilcria of 12• euthariiu i"1mC'diately: cO<>Sider as •foond dead' 

for 

(Note: This f.onri does A-Ot hn"V-: 10 filled out for..:ve:ry indilil'iduai a11 <ven· obsl:f\'a1ion. :So lnng us 1hc- criteria .are u.scd i.n irtfonni'1i 
decbfons QQ ini:::r~osrd monitoring and/or cuttianasia_ Tbis form may be uSl.-d io Jlllll,;c a spl'cad:sb1.-,;I for ,graricr cusc of multiple 

animal ob~t'rva1ions. as Jon~ as the 1.-ri~riaud nuru.tt~enr,, S}'Sl-tm aK exact I~· ''°Pi~.) 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 

No special husbandry consideration needed. 

V.5.1.1. Study Room: 

As assigned by VSD. 

V.5.1.2. Special Husbandry Provisions: None 

V.5.1.3. Exceptions: 
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Mice will be socially (group) housed. except where there is a possibrlity that 
during survival studies cage mates may be Jost through attrition and for a periodl of time 
the sole survivirng mouse may remain singly housed until the end of the 30~day study. 

v .5.2. Veterinary Medical Care 
v .s.2.1. Routine Veterinary Medical Cate 

As per Standard Operating Procedures, VSD staff will monitor all arnimals at lteast 
twice daily during morning and afternoon rounds. Any abnormalities will be reported! 
immediately to the on-call veterinarian and Pl. In addition, animals will be observed daiily 
by this rprotocol's research staff. Any morbid mice wfll be observed twice a day (early 
morning and late afternoon) by the research staff. Pl staff wi ll be responsible for before 
and after working h observations of morbid mice. Any moribund mice will be euthanite'd 
as soon as possible. If needed, VSD veterinarian will be contacted tor decision. 

V.5.2.2. Emergency Veterinary Medical Care 

Emergency veterinary medical care will Include immediate euthanasia of any 
moribund mice. 

V.5.3. Environrnenta~ Enrichment 

V.5.3.1. Enrichment Strategy 

Mice will be group housed and enrichment will be provided as per the VSD 
rodent enrichment SOP. 

V .5.3.2. Enrichment Aestrietions: None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

Following employees are trained for mice work. They have handled mice work of earl ier 
protocols at AFRRI. 

!NAME I ~~GR I TRAINING I DATE PROCEDURES 
(b){O) 

1j3,4,5;7 

1,3,4,5 
1,3,4,5 
1,3,4,5 
1,3,4,5 
1,314,5,7 
1,3,4,5,7 
1,3,4 
1,3,4 
1, 2 

Procedure and manipulation codes: 
Code 1- Animal handling and euthanasia 
Code 2 .. Surgery (aseptic lechniqlJe) pre· and post·tiPerative care 
Code 3= Injections 13a-ip, 3b,sc, 3c·gavage) • can say 3 if trained in all ma.nipulatioriS or add 3d·lv 
Code 4~ 1Blood collectiDl'i unt!er anesthesia (4a•cardiac. 4b·poster'ior veoa cava) 
Cooo 5- Tissue colklction (after euthanasia) • doesn't need to be spedfic 
Code 6 = lmplanlation (provide detalls) 

VF{SfMOS 
EXPERIENCE 

lO)(ti) 

Code 1 "' Others · •(provide protocol spediic manipulations or procedures for e.g .. retro-orbftal bieedlng, tail vein injection. or dmg 
delivery) 
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VII. BIOHAZARDS/SAFETY 

There is no plan to use any potential biohazard. Standard laboratory safety 
precautions will be observed throughout this study 

VIII. ENCLOSURES 

Form 310 

List of references 
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X.ASSURANCES 
Protocol Title: Characterization and validation of biomarkers of l(b){

4
l I a 

promising radiation countermeasure, in mice (Mus musculus) 

As the Principal Investigator on this protocol, I .acknowledge my responsibilit'ies and 
provide assurances for the following: 

,A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specffically 
approved lby the IACUC prior to its implementation. 

IB. Duplication 1of !Effort: I have made every effort to ensure that this protocol is not 
an unnecessary duplication of previous experiments. 

G. Statistical Assurance: I assure that I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis; and that 
the minimum number of animals needed for scientific validity will be used. 

0. Bioha·zard/Safety: I have taKen into consideration and made the proper 
coordinations regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth , in the preparation of this 
protocol. 

E. Training;, I verify that the personnel performing the animal 
procedures/rrnanipulations/observations described in this protocol are technically 
competent and have been properly trained to ensure that no unnecessary pain or 
distress willl be caused to the animals as a result of the procedures/manipulations. 

F. Responsibility; I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that alll individuals associated with this project will demonstrate a concern ~'or the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility," which the DOD 
has embraced for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate 
peer scientific review and is consistent with good scientific research practice. 

H. Painful Procedure(s): ~I AM NOTconducting biomedical experiments. 
which may potentially cause more tnan momentary or Ii ht pain or distress to animals. 
If applicalble1 potential pain and/or distress WILL I ILL NO be relieved with the use of 
anesthetics, analgesics and/or tranquilizers. I have considered alternatives to such 
proc·edures; however, I have determined that alternative procedures are not available to 
accomplish the objectives of this proposed experiment. 

l(b)(6) 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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lrDOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(December 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and 000 instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol tor IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings. all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation tor responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRl Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis}, or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional informa1ion being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists inctude intellectual property (e.g., concepts, 
ideas, eKperimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAi.. SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBERKb)(6) I 

St.bmlssion Date: 3l24i2014 ~Resubmission Date: 

.A,pproveo'Retumed for Revision: 411712014 Approved'Approval Withheld by IACUC: 

1" Reslbmission Date: 412312014 EXPIRATION DATE: 

Full Committee Review: 4/2412014 Previous Protocol Number (if related) 
SECOND TIER REVIEW 

(if required) 

Submission Date: Approved/Roturnod for Revision: 

Approved/Returned for Revision: 2''" Resubmission Date: 

1•• Restibmission Date: Approved/ Approval Withheld: 

NOTES tb Pl : 
• To DISPLAY this Word document's red-text instructions, Rrview V•M 

0~·•10P•• 
single-click Word's Shaw/Hide button (shown, fight), 
located In Word's top-of-page panel (click Word's 
"Home· tab If Show/Hide isn'1 displayed) . 

• To HIDE the red-text instructions, single-click the 
Show/Hide button again. 

:= .. t= . •;:. ·- ,_ , ... 

D Ar 

5nt2014 

511212014 

511112017 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make en11ies into the red-text instruction text. Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME OF FACILITY: Armed f orces Radiobiology Research Institute 

11 . PROTOCOL NUMBER .... l(b-)(6_) ____ __. 

Il l. PROTOCOL TITLEt<b)(4) !Protection from Radiation-lnduced._l<b_)(_4_) _ _, 
Injuries in a Murine Model (Mus muscu/us) 

IV. PRINCIPAL INVE'Sl"IGATOR j(b )(6) 

Hb)(6) Ph.;:;.D;...- ---------.Date 
A§sociate ProlessorUb!(S) I 

ltb)(6) _ officel ... ~b .... )(;,.,,;6),___ _ __,ltax;l(b)(6) 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consls1ent with good scientific research practice . 

Ph.D. Date 
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VI. SJAl.LS_Ill.CA1._R~]~_W~ A person knowledgeable In biostatistics reviewed this proposal and 
ensures lthat the numb0r of ~nil'fitl ls used is appropriate to obtain sufficient data and/or is not excessive, 
and Ille statisUt al design is appropriate for the intent of the study 

l(b)(6) I PhD Date 
Statistician 
Telephone:"""l!b"""')(=6.,....) ---.!Faxl{b )(6) 

l(bJ(sJ I 

VJI. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more than sllghl orr momentary pain or distress, even if relieved by anesthetics or analgesics . 

.... l<b..,..>C_6l ____ _.I OVM, L TC, VC, USA 
Sciences 00partment. AFRRI 

r:+-!"~~~i.;;.i...--"""4Fax~(b)(6) I 

Date 

Vlll. SAF1EIY OFFICER: This animal use protocol received appropriate review for safety and 
biohazattls. (Attach copy of completed AFAR/ Form 310. £HS Research Protocol Hazard Analysis) 

l(b )(6) I Date 
Erwironrrierrtal Healih and Safoty Department, USUHS 
TeleQbone:l(b)(6J I Faxl(b)(6) I 

l(b)(6) I 

IX. IACUC AfPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Commlttee on -----

(Date} 

(b)(6) Ph.D. 
l.ACUC Ch11:i~r ~b~6-..........,,.....~rl'l"':'~~S_c~le~n;;il;t i._.fic~-Research Department, AFRRI 
Telephone (b)(6) Fax: (b)(6) 

l<b)(6) I 
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PROT10COL T1IT6E: .... l<b_J(_4_) ____ __,!Protection from Radiation·lnduce~(b)(4) tnjuries 
in a Murine Model (Mus musculus} 

PRINCIPAL INVESTIGATOR: .__l<b_)(6_) __ _.!Ph.D. 

CO;INVESTIGATOFl(S): none 

USUHS SCIENTIFIC RESEARCH PROTOCOL NUMBER: to be assigned 

I, NON-TECHNICAL SYNOPSIS 
Despite advances in precision of targeting tumors with radiation therapy (RT), regrowth of tumors 
does occur. Higher doses of radiation that would be needed to completely destroy a tumor cannot 
be used because of damage to the underlying normal tissues of the body. Tumors in which 
regional control is difficul t include locally advanced breast, lung. head and neck, brain, cervical 
cancer, and others. Two other situations where radiation protection may be useful are: 1) in 
children, where RT cari impair normal growth and development; and 2) in patients receiving 
combined RT and chemotherapy, where the acute effects of treatment may be severe, particularly 
when RT and chemotherapy are given concurrently. One method to improve the therapeutic index 
is by use of agents that differentially protect normal tissues relative to tumors. 

The only FDA·approved radioprotector is amifostine. Amifostine is approved to reduce side 
effects in patients receiving head and neck irradiation, but its use is limited becatJse it muist be 
aiven intravenouslv shortlv before Ri and it has svstemic toxicitvl(b)(4l 

(b)(4) 

(b)(4) I Our proposed 
stucHes here will examine the effects ofl(b)(4) !radiation injuries in murine models 
for these injuries. We will utilize CS?L mic~sed tol(b)(4) IX-ray irradiation aU(b)(4l Ito 
determine the efficacy and mechanisms of~or the protection of thel(b)(4) ~gainst radiation 
injury. Our aim is to develop an effective, non-toxic radioprotectant/ radiotherapeuttc treatment 
strategy that can be used for protection against radiation injury to normal tissues during clinical 
radiation for cancer treatment. 

IL BACKGROUND 
11.1. Backgm undThe acute toxic effects of exposure to high doses of ionizing radiation irn 
humans have been shown to occur due to two sequential effects: first the ablation of immune ce~ls .. 
resulti111 in loss o'f immune function and increasing likelihood of paihogenic infectionHb)(4) I 
(b)(4) and subse uentl · the loss of e ithelial rogenitor cells of the gas,rointeslinal 
(GJ) crypt (b)(4) Both of these events have been 
shown to be due to the loss of fast-growing pluripotent and/or progenitor cell types, The time course 
of the aculte injuries correlates with the life span of the mature cell types of the tissue, which are not 
replaced becaruse of radiation damage to the adult pluripotent cells and adult stem cells. There is 
currently no FDA a~ roved rophylactlc or treatment for prevention of acute radiation injuries 
fol!owin hi h-dose b 4 radiation ex osure, 
(b)(4) 
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(b)(4) 

In humans, severe radiation {b){4) an result in death _b_4.._· _ _. 
(b)(4) Cumulative evidence trom a m1mbeF.J),f laboratories, 
including our own, shows that there is a threshold dose of radiation oWb)(4)]to induce 
sufficiend(b\(4) Uor thei(b)(4) Ito occur in mice; b~low thi::se doses. 
no permanent inlYLv manifests, although some short-term effects are observedFb)(4) 
l<b)(4) I However, in humans, there is currently no accepted pr""o-to_c_o_I f-o-r __ __, 
preventative treatment of radiation-in_dL.me_ a11d morbidit a:s b1 hi as_5_0~Q 
is assodal ed with each . hase(b)(4) 
(b)(4) injuries from radiation is considered to be a 
serious 1pr,oblem in the field tor the development of agents to prevent these radiation injuriAs. 

~as a radioprotectant: 

.Preatmina.r,l! Studies: 

(b)(4),(b)(6) 

11.2. literature Search for Duplication 
ll.2.1. Literature Sources Searched 
Biomedical Research Dat~base (8RD). NIH RePORTER (replacement database for CRISP) 
http://protectreporter.nih.gov/reporter.clm, and PubMed 

11.2.2. Date of Search Data base searches conducted on 1/30/14. 
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lt2.3. Period of Search Searches conducted for the entire time periods available in each 
data base. For BRO, 1998-2014; for RePorter, 1972-2014. For PubMed, 1970-2014. 

U.2.4. Key Words of Search Searches wern. ertormed usin the follcwtn ke word 
comblroatio:ns (b)(4) l(b)(4) I ......... ........._ ___________________ ____, 

11.2.5. Results of Search 
1) BRO: Search resulted in o projects with these key words 
2) A RePORTER search: Search resulled in 0 projects with these key words 
3) PUBMED Search 813/09 

(b)(4),(b)(6) 

Summa1rv of other oublications: 
(b)(4) 
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(b)(4) 

lll. OBJECTIVE I HYPOTHESIS 
(b)(4) 

IV. MILITARY RELEVANCE 
Military personnel and their families receive medical treatment for cancer, ineluding clinical 
radiation. The development of agents for the protection of normal tissues during cancer 
radiotherapy would allow the use of higher doses of radiation which has been shown to improve the 
ievel of tumor control and cancer irradiation. The goals of this research are consistent with 
improved cancer treatrnent in military personnel and their famllles, 

Additionally, the Department of Defense is prepared to execute military missions within radiation 
environments, to manage radiation crises associated with terrorist activities, a:nd to manag~e 
cons1equences in the event of nuclear weapons detonation. Recent studies indicate that there is an 
llf1Creasi1n·g risk of e.xposure to ionizing radiation to military personnel due to increasing terrorist 
activities, including potential use of stolen nuclear weapons or dispersal of radioactive material in a 
"dirty bomb''Hb)(4) !Because of potential exp0sure of military 
personnel to radiation, the DoD is committed to protect members of the Armed SeNices from the 
adverse health effects of ionizing radiation. High dose ionizing radiation causes shoft term, acute 
injuries includirng hematopoietic and GI syndromes. However, both hi h and low dose ionizing 
radiation (as may result from a radiation dispersal device) can cause (b)(4) as 
demon.~tratFg ~v .Japanese atomic bomb suryiyor data ~s well as accidental ~XP,OS~r~s tto Russian 
populaltmns (b) 4) l While early effects of radiation injury now have 
treatmenV prophylactic strategies, the delayed effects currently have no treatment. Lack of 
treatmen~ for late effects of radiation; includlngl(b)(4) lwill likely lead to delayed 
morbidity and mortality for personnel exposed to ionizing radiation. 

The Department of Defense (DoD) Chemical and Biological Defense Program 2007 Annual 
Report to Congress, Chapter 2.7.6 Medical Radiologicall Defense. addresses the requirements. 
for the development of radioprotectants. This priority is outlined for the development of 
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protectants for both acute and delayed radiation irfuries with an em -ha.sis on (b)(4) 
l<b)(4) IAcoordlng to this report, the mitigation of (b){4) is a major 

research thrust area. This project is also designed 10 investigate mechanlsm(s) of profeotlon to 
aid in the development of such agents, 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 
The goal of this project is to_ i_nv_esti ~te the protective effecls and mechanisms ofL:.Hb...;.).;...(4.;...) ~~~ .... 
for radiation-induced (b )( 4) injuries, 

(b)(4) or animals receiving Lp, injections on consecutive days, inspections 
wJIJ be performed by the AFRRl veterinary staff to ensure that peritonitis does not occur. If any 
iindications occur of abdominal swelling, sensitivity or other potential indicators of peritonitis, 
animals wlll be switched to s,c, injection. 

l(b)(4) lwill also be administered by gavage, for the same time course as for injected route·s of 
administratfion, The survival outcomes will be observed for injectable or gavage administration in 
Experiment 1 (see below), and the optimal route of admijnistration will be selected for 
subsequent experiments. The optimal route of administration will be utilized throughout an entire 
study. If injection is selected as the optimal route of administration, the site of injection will be 
altered in consecutive injections to avoid injuries from m1ultiple injections in the same site, 

Radiation Rafronale for Doses and limes of Admihistration 
(b)(4) 

5 Criterj.a for IOetermjoiog BadiaUon-joducedl(b)(4) 
l(b)(4) 
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(b)(4) 

(b)(4) 

(b)(4) 

(b)(4) 

.Y.l.l .. Experiment 1 ... Pilot.study·for-LJprotection 0 C57l miee~ -- . at 
This pilot experiment will be_ Jill9l!Il_eQ IQJl~Sfil_s_sJ.JI'{ival_frQlrD'il {lb)(4) 
Four rou . swill be studied (b)(4 

{b)(4) Survival will be determined alt days ................... {lb)(4} 
,.;;..,;;...-....i~:.;;...._.....;=;;;;;,· - .......... . 

. . . P9.~-~~r..Mi.91!.Qn .. .Eorthese .studie · - --- ice are required per radiation .drise ._{lb_)(_4_) _____ __, 

Animals will be examined by AFRRJ veterinarians following in:itiation .o(::Jin}eoHons to .. erisurnJb!lt .... J1~)(4) 
peritonitis is not an issue for these injections. If it is determined that anlmals exhiibilt any potential 
iin. dic.a~io.ns of pe~itonitis ~for exadple/?do~inal swelling or sensitivi~y), then the route of 

... .... ?.9rn.!DISt.r.at1on.w1lLbe sw.itched-t 1n1ect1on. 

administration of (b,1(4) 
his information can also be used to rdet·ernr11i·111e 1he eUect:s o ...... . lb.),(4) ........ _________ ..... 

Future experiments will be performed following the completio111 of experiment 1 and are dependent 
upon the results of experiment 1. If improved survival is not observed WJth any of the mutes of 
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administration for the proposed times o1 administration; further discussions will be held With the 
AFRRI IACUC prior to the initiation of further experiments. 

(b)(4) .... ·[}nice per group) x (4 treatment groups) x (1 time point) {Jmice·(total) .... ...................................... J~~(~) .. 

Endpoint: The final endpoint for the experiment isLJays·: .... Mice ttisplaying .. obv.ious.dy.spn.e.a ..... (~).~~l ... 
lethar or other markers of moribundit and which a · ear to be in distress will be euthanized. 
(b)(4)_ Mice scorina a total 
of > 10 under any measurement on the revised pain score sheet (based on Appendix A; Clinical 
ObseNations with Criteria for Euthanasia [rodent!) will be eut11anized. 

v.1.2 .. Expepmw;it 2 Oose-modifying effect o~(b)(4) protection c::JniceGi·l1 , ...... ,.jpJ~~L 
(b)(4) .......... -... . categt>ryG;l:J_ n category E) 

Once we have established the efficacy l(b)(4) for protecting mice froml(b){4) !irradiation at the 

(b)(4) 
(b)(4) 

(b)(4) 

l(b)(4) tevel1 we will determine the dose modifying effect using three doses on(b)(4) lirradiation 
ll b1~l I 
(b)(4) I 
'b')(4.l . I ~wo grokps of .mice wi ll be studied: 1) ~onizing r~diatio~ +vehic~e (control) an~ 2) ionizing 
racliatu:J tb)(4) expenmen~al), For these. stu~~~I we w111 requ1r~1ce per group m the 
radiation groups .. We will include controls wit ~b) animals per group: 1) Sham irradiation + 
vehicle and 2) Sham irradiatiori (no treatment). he experiment will be repeated because it is a 
generally accepted principle of the scientific method that experiments must be repeated to 
evaluate a hypothesis. 

Radiation groups .... --.... 
l(b)lnice per group) x (2 treatment grou~t x (I time point) x (3l(b)(4) !radiation levels) ~Cb)(4) I 
~ice/experiment) x (2 experiments) - (b)(4 mice 

Control groups 
Dice per group) x (2 treatment grOUP.§.11..(1 time point) =Gnice· 

.. Tp[a! mice .required.for.this .. expe~iment .. ~mice (total) 
······························· .. . .. (~).(~! 

End12oint: The final endpoint for the experiment isUays. Mice displaying obvious dyspnea, 
lethar or other markers of moribundit and which a , · ear to be in distress will be euthanized. 
~!~) Mice scoring a total 
of > 1 o under any measurement on the revised pain score sheet (based on Appendox A: Clinical 
Observations with Criteria for Euthanasia [rodent!) will be euthanized. 

V.1.3. Experiment 3 Survival from fractionated-dose irradiation0iae:Oin .. cate.g.€lf'.Y, ......... .J~:!.J~L. 
E) 
Ht~mans receive tadiation for cancer treatment in frnctioitlated doses. Our preliminary stud~es will 
utilize single doses of radiation for the in.duclion o~J~).(4) !injuries. Once we have establish1ed 
the emcacyHb)(4) ltor the protection o (b) issue against radiation injury from single high doses 
of radiation. we will investigate the _u_SJLQ (~){'!. fo_r JPJ~tctLQn a ainst fractionated radiation. A 
schedule of fractionated radiation (b)(4) . given equally space*b}(4) I 

.. . ... H • .over9af, tas been demonstrated in a murine model to be effective for the inducl:ion of 
radiation (b)(4 injuries b 4 We will utilize two treatment groups: 1) ionizing radiation 
+vehicle; 2) ionizing radiation (b){4) he experiment will be repeated because it is a generally 
accejpted principle of the scientific method that experiments must be repeated to evaluate a 
hypoth·esis. 

(b)(4) .... rn ' ·t·· lmice per group) x (2 treatment groups) x (1 time point) ~(b)(4) 
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(o){4) '"" o:::::::.D:n!G.~(e.xperiment) .. x .. (2 .. exper.imer:its} "'Dmice (total) 

Endo.omt The final endpoint tor the experiment isl · tJays;·Miee-df.splaying ... obvfous.dyspnea . .J~K~L 
lethar or other marKers of moribundir and which ~r_ ear to be in distr.ess will be euthanlzed. 
b) 4) Mice scoring a totai 
Of ::. 1 o under any measurement on the revised pain score sheet (based on Appendix A: Clinical 
Observations with Criteria for Euthanasia (rodent!) wlll be euthanized . 

.._Y""i.1 .... 4,..· ..... Ex ... -_e·._.ri .... m~e~n~t ~· ..;...;..(;...4 J~· ~r..:::o ... te~c._..ti~o~n_..a~. ~a..._in..:::::s~t i.:.(b..:.)(.:...4.:..) _____ ___.mice:I - ~n ·eategor.y .... (~)~4L 
(b)(4) .......... . c; n category E) 
(b)(4) .................... We will fo:ve.s.tlgate...,th._.e._.d ... e~ .. -..,re .... e._.·o""· _ ..... _. _ ..................... ....a. ................... ......,.....,......., ....... ......, ........... _ _.. ... w._.es..; w..._1 ... u ...... 

deltermine levels of (b)(4) ........ ---~~__,,.....""'!'!'" _________ --,.. ________ :--_. 
C57L mice wlll develop significant (b)(4) and we want to have as much 
surv~val as P.oss_ible fo~ the e~dP.~int of this experiment , he se e_ction otl(b)(~) lwill. allow increased 
survival while sttll provide a s1gmf1cand(b){4) !For this experiment we w1 l require onl1y ~b )(4) _ _ _ 
micefgroup, and we will examine 4 groups: 1) sham irradiation+ vehicle ; 2) sham Irradiation + b' '.4. 
3) ionizing radijation +vehicle; 4) ionizing radiation ~he experiment will be repeated because 
it is a generally accepted principle of the scientific m~that experiments must be repeated to 
evaluate a hypothesis. 

(b)(4) ........ rlnice .per group} x (4 treatment groups} x (1 time point} =l(bJ(4) 
(b )( 4) ......... , .. , .... :: .. O r:ri i<;.~{f;~p~riment) .. x. (.2 .. exper.ir:ne.r.1ts )- "'O m ice (tota I) 

Endpoint: The fina1 endpoint for the experiment iGays.· Mice·(:lispfaying ebvious .. dyspnea,. 1;b)(~~ 
lethar · ,or other markers of moribundlt · and which a .. 'ear to be· in distress wm be euthanizecL 
i~Kil Mice scoring a total 
of > 1 O under any measurement on the revised pain score sheet (based on Appendi1x A: Clinical 
Observations with Criteria for Euthanasia [rodent!) will be eulhanized. 

< b )( 4) . ....... .Y.,J . .5_."'-E~: · :..e.1..lm.e_ol: .. '5 · .. 
,_(b_1_(4_) _________________ _,mice. ·· inca~egery.C; in ""'''' ' ''"""'"'~J~)}~. 
cate: o· E 
(bi(4) 

(lb)(4) For tthis 
(b)(4) ~}<P.~Jiment we.wilLr.equlre ·onl ice/group, and we wlii examine 4 groups: 1} sham irradiation 

...... +vehicle; 2) sham irrad~ation (b)(4 3) ionizing radiation+ vehicle; 4) ionizing radiation -rl(b)(4) 
The experiment will be repeated ecause it is a generally accepted principle of the scientific 
metMd that experiments must be repeated to evaluate a hypothesis. 

~:~~~~ _ ... -.:: .. ::B~~~:.~~~~i:~n~)(!_~~!~~:~~g~~~~I x _(41~Tc~~~~~~) ~(bl(4) 
Endpoints: Endpoints for the e)(periments will bd(b)(4) bays. Early time points will be 
t,aken if any animal exhibits signs or symptoms of morbidity or moribundity. Such animals will be 
euthanized at ithe time of observation. Mice scoring a total of > 10 under any measurement on 
the revised pain score sheet (based on Appendix A: Clinical Observations with Criteria for 
E1uthanasia [rodent]) will be euthanized. 

v.2. Data Analysis 
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Mean with standard error; or percentage will be reported if applicable. A significance level is set 
at 5% tor each test. All statistical tests are two-sided. A statistical software, SAS will be used 
for statistical analyses. 

Experiments 1-3: Analysis of variance (ANOVA) w ill be used to deted significant difference 
ambng the groups. If significant, then the palr·Wise comparison by Ti•~t•h1et will be used to 
identify which group is different from the other. For experiment 2, N ·- miceper.group .. c.oulct ... (?.)~~_) 
have 80% power to detect any signifieant difference between groups 1 any, givem type I error of 
5% and delta/sigma has at least 1 A, where the delta is the estimated mean differences be.tween 
the two .Qroups and sigma is the pooled standard deviation of the two groupsl(b)(4) I 
Experiments 4 and 5: Previous data from this laboratory indicate that the coefficient of variation 
(CV) of the data is about 0.5.~nd that differences of between 2- and 30- fold are likely to be 

(b)(4) Qp~rerY.ed,_ Asampte. s~teotOper group vyill have 80% l?ower ~o detect 3-fold increases in 
b1omarKers based on a lognormal t test with a 5% two-sided s1gn1f1cance level and a: CV of 0.5. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 
For the past 9 years, we have utilized primary cell culture systems to examine anti=apoptotic 
mechanisms; however, we must determine whether our culture findings ate relevant fn whole 
animals. We will continue to use primary cell culture whenever possible to avoid unnecessary 
use of animals. We have also considered computer models as alternatives to animals. 
However. this alternative also lacks the knowledge base and complexity needed to evaluate 
radioprotective and radlotherapeutlc agents. 

V.3.2. Animal Model and Species Justification 
Tissue culture conditions cannot fuUy substitute for the complexities of whole organisms in 
response Ito radiation injury. Such injury involves the interactions between theHb)(4) I 
system and other organ systems. In order to develop viable treatments for humans, we find that 
our research must be conducted in whole animals. 

Work b~(b)(6) I also advocates the mouse as me best species to 
use for radiation protection and radiotherapy protocols: 1) mice provide the least sentient 
species availa.ble whose response to radiation has been clearly identified, with physiol·ogical 
responses to radiation and radioprotectants that are similar to human physiology, 2) extensive 
rnterature is avail.able on responses of mice to radiation and countermeasures, 3) more reagents 
are available to study the relevant cell types and molecules in mice than in any other species 
except humans, and the availability of transgenic and knockout mi mak thi m I xtr m I 
attractive for further research into molecular mechanisms. and 4) (b)(6) 
~ave ~xtensive experience with the mouse model in radiati-o.,("""b'!'l!)(~4)~nj~u-ry_a_n_d:------
~otect1on research. 

V.3.3. Laboratory Animals 

V .3.3.1. Genus I Species Mus musculus 

V.3.3.2. Strain I Stock G57L (NOT C57BL/6) 

V.3.3.3. Source I Vendor ._l(b_)(4_) __ _ 
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V .3.3.4. Age 

V.3.3.5. Weight 

V .3.3.6. Sex 

animals will be purchased at 6 weeks of age and heldl(b)(e) 
are irradiated at 10-14 weeks 

Normal adult weight range for 
this strain: 17-21 g. 

~ntil they 

Female. Only females will be used in lhis study for the following reasons: 1} we have so far 
utiliied female mice to lay the foundation of our studies for radiation- induce~(b)(4) I 

ICb)(4) !injuries; 2) because of long housing periods, it is advantageous to use female mice 
that are less aggressive toward each other. 

V.3.3.7. Special Considerations Commercially procured animals must be adventitious 
disease free. Mice- Pathogen-free, including Pseudomona.s a.eruginosa, and Pasteurella: All 
mice need to be free of the following agents: Sendai, Pneumonia Virus of Mice (PVM), 
Reovirus-3 (Reo 3), Mouse Adenoviru-s (MAD-1, MAD-2), Mouse Cytomegalovirus Virus 
(MCMV), Ectromelia, K virus, Lymphocytic Choriomeningitis Virus (LCM), Epidemic Diarrhea of 
Infant Mice (EOIM), Hantaan virus, Rotavirus, Mouse Parvovirus (MPV). Polyoma Virus, Mouse 
Minute Virus (MMV), Mouse Thymic Virus (MTV) , Theiler's Mouse Encephalomyelitis Virus 
(TMEV/GDVll), Encephalitozoon cuniculi, CAR bacillus; Helicobacter spp. Myooplasma 
pulmonis, and C/ostridium piliforme. Endoparasite- and ectoparasite·trea. 

V.3.4 . Number of Animals Required (by $pecies) 8s1L 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V .3.5.1 . Refinement 
Animals demonstrating moribundity due to radiation exposurel(b)(4) lwill be 
considered to have arrived at the study endpoint and will be immediately euthanized (See 
sections V.4.5 Study Endpoint and V.4.6 Euthanasia}. 

Ketamine/xylazine and/or inhaled isoflurane anesthesia will be used during X-ray irradiation to 
prevent stress from the time the mice are placed in restraint. lsoflurane will be the preferred 
method. Mice will be restrained using either an approved jig or using surgical tape to secure the 
animal to the SAR RP platform. Under the training protocol at AFRRll inconjunction with the 
AFRRI veterinary staff, we found that in female CBA or C57BLl6J mice, --12 weeks old, i.p. 
injection of 150 mg/kg ketamine lus 18 m /k x lazine results in ""30-60 min anesthesia w~th 
n · m , r ; r r lit·, b 4 
(b)(4) We have also observed that tho animals rsquire at least 10-20 
additional minutes on heating pads to become fully ambulatory. The injectable anesthesia may 
also lbe used in combination with isoflurane if deemed necessary by the AFRRI veterinary staff. 

As stated above, we use a heating pad to keep mice warm during the period of recovery from 
anesthesia. The temperature in room where the mice will be irradiated will be measured, and if 
necessary an alternate heating divice approved by VSD (such as Beir hugger to blow warm air
into the room) will be used to increase the temperature. Standard intraperi toneal injection 
methods are used for injection of the anesthesia, as recommended and approved by the AFRRI 
veterinary staff and for which all laboratory personnel have received training at AFRRI. 

V .3.5.2. Reduction 
Whenever possible, control groups will be shared between experimental groups for our 
experiments. Tissues will be collected for multiple assays from the same animals further 
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reducing the ltotal number of animals needed. At every stage of the research, planned 
experiments win be reevaluated, in an attempt to reduce the numbers of experiments and 
eliminate repeats of experiments where statistical significance has already been obta:irned. 

V.3.5.3. Replacement 
Al this time, H 1is not feasible lo use non-animal systems in plate of anlmal models lo address 
the .research questions in this protocol. 

V.4. Technical Methods 

V .4.1. Pain I Distress Assessment 

V.4.1.1. AtPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals C57L 

V.4.1.1.1.1. Column C (b)(4) - (# of animals) 

V.4.1.1.1.2. Column D # of animals) 

,_ (# of animals) -----V.4.1.1.t.3. Column E 

V.4.1.2. Pain Relief I Prevention 

V .4.1.2.1. Anesthesia I Analgesia I Tranqu i lization 
A portion of our study is aimed at determining the E!ftect ot the radiation counterrneasure 0111 all 
effects of radiation, including those effects on the (b)(4) especially radiation-induced 

l(b)(4) !Some analgesics ma su r ~ ·s (b)(4) n i n hat may interfere with 
t'ne interpretation of our resu lts (b)(4) Additionally, some ,.,,...,..,..,..-......., 
non:ste:roidal anti-inflammatory drugs (NSAIDs) have been demonstrated to exacerbate (b)(4) 
irnflammation in some disease states ICb)(4) I The response to murin b 4} to 
anallgesics tallowing radiation has not been thoroughly investigated, but the induction of 
addltional levels of inflammation would severely compromise our experimental results, 

Several studies indicate that exposure to y-radiation induces altered reactions of opioid 
receptors to nociception and causes the direct release of endogenous beta-endyphimt thus 
alterin · h Wt - - iveness of opioid administration..,,l(b .... )._{4._) ----...----------~ 
b) 4 _ ome sedatives have been reported to contribute to postoperative 
(b)(4) which likely reduce some functions of radiation. 

14 of 23 



Published IACUC Guidelines define prolonged restraint as the physical restraint of an animal for 
more lthan 30 min. Restraint of mice for more than 30 min will be required tor the time of 
inadiaUon plus time required for positioning the animal in the SARRP. For prolonged restraint 
required torl(b)(4) llrradiation, mice wlil be anesthetized with inhaled andtor injectable 
anesthesia. 

For inhaled isoflorane anesthesia, a protocol will be developed in conjunction wi1th the AFRAI 
veterinary staff. we will use 3·5% for the induction of anesthesia and 1 ·2% for maintenance 
during irradiation. lsoflorane will be delivered using 100°/o oxygen. 

An injectable anesthesia protocol was developed for use during the X~ray irradiation under the 
training protocol at AFRRI In conjunction with the AFRRI veterinary staff. In female C578L/6 and 
CBA mice, ""12 weeks old, i .p. injection of 100-150 mg/kg ketamine plus 10-18 m Jk ~. lazine 

n ,. I · r, · I in - - min n · · i wi - · r i i · rm · · Ii b 4) 
We have also 

....... ~~=;-;;~=;=~=;==,-~~..-==;=;==;==~=-=-__,,.._,..~<;oo=-;=~~=.=~;====1 

observed fthatt the animals require at least 1 0-20 additional minutes on heatung pads to become 
fully ambulatory. Injectable anesthesia may include ketamine 50-100 mg/kg + xylazine 5-1 0 
mg/kg+ aceprornazine 1-2 mg/kg. Total volurnes of injection will not exceed 0.5 ml/motuse. 
Standard i.p. injection methods are used for injection of the anesthesia. as recommended and 
app'roved by the AFRRI veterinary s1aff and for which laboratory personnel hav~ received 
traijning at AFRRI. 

V.4.1.2,2. Pre- and Post-procedural Provisions 
Animals will be housed and cared for as described in Section V.5. Veterinary Care both betore 
and after dose administrations and irradiation procedures. 

V.4.1 .2.3. Paralytics none 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources SearchedDoD Biomedical Research Data Base (BRO); CRISP; PubMED 

V.4.1.3.2. Date of search 1 /30/14 

V.4.1.3.3. Period of Search Search covered published manuscripts from ~1965-present. 
(BRD search included all available years 1998 -2014). 

V.4.1.3.4. Key Words of Search Pain. analgesia, anesthesia. mice, radiation, ionizing 
radiation, hurnaneJ(b)(4) I 
V.4.1.3.5. Results of Search 
The literature search revealed that, at present, there are no alternative procedures for irradiation 
because its effects cannot be otherwise duplicated. In some cases radiation has been 
demonstrated to reduce pain in laboratory miceHb)(4) I and has, been in 
~s reported to alleviate cancer related bone pain..,l(b .... ).._(4...,l ______ ..,..... ____ ___, 
~A recent report showed that administration of botulinum toxin A was effectiv..,,e...,.fo;;oo,r.,..._~~
reduction of pain and muscle soasms after clinical radiation for treatment of tumors ... ICb_.l .... <4 ... ) __ __, 
l(b)(4) JApplication of natural honey 20 min prior to radiation exposure 
was also shown to reduce rrrncositts with associated pain in humans following head/neck 
radiotherapy l(b)(4) I it has not been determined whether honey acts as a 
local radioprotectant Spinal cord stimulation has also been reported in humans to alleviate pain 
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resulting from radiotherapyHb)(4) I however; this method would not be 
prac~i~al for use in mice. because o.f the ext~nsive spinaf cord manlJulationi r~qui:ed. Human 
admm1strat:ion of morphine also relieves pain ICb)(4) but again this would not be 
practical for mice in our experiments because of side effects of the drug. In humans, exposure 
to total body irradiation may induce vomiting and diarrhea, causing patn and distress, However, 
mice are not susceptible to vomiting. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Anesthesia will be used befor b 4 irradiation to avoid stress from restraint. (b)(4) 

b 4 we will be unable to use analgesics 
afte.r irradiation since ihey have ef ects o function ihat would interfere with the 
inte~pretation of our resu~ts (b)(4) 
(b)(4) 

ain Wi -e eva uate 
us111g severa s an ar 1n 1ca ions inc u mg: grimacing, a norma reathing, hunched or flu!fed 
fur and iriactivity, or ataxia. In experiments where tissue colledion is needed, animals will be 
euthanized with pentobarbitol prior to sample collection .as described elsewhere. We will utilize 
the attached ,score sheets to provide a scale for measur,ement of criteria for euthanasia. Any 
animal scoring Mice scoring a total of > 1 O under any measurement on the revised pain score 
sheet (based on Appendix A: Cllnical Observations with Criteria for Euthanasta [rodent]) will be 
euthanized. 

V.4 .. 2. Prolonged Restraint 
l<b)(4) !irradiation will require restraint in desigred figs or using surgical tape for ~20-40 min 
for SARRP positioning to receive X-ray exposurel{b)(4) I 
animals willl be anesthetized during this period and tails and limbs will be taped with ~urgical 
tape. The maximal time for actual irradiation is 30 minutes; the maximal estimated time for ~he 
SAR RP setup for the irradiation is 20 minutes. The estimated maximal total time for restraint is 
therefore 50 minutes. 

The jigs for use duringl(b)(4) !irradiation were examined and approved by the AFRRI 
Veterinary staff. An image of the jigs is attached, and jigs are available tor inspection, The 
restraint is needed to ensure that animals do not move during irradiation. Positioning of ijhe mice 
must be done carefully to ensllre that all animals receive the same exposures. AFFRI Veterinary 
staff provided training and supervision for the placement of anesthetized animals in the 
approved jigs 1for irradiation. 

V.4.3. Surgery Not applicable 

V.4.3.1. Pre-surgical Provisions Not applicable 

V.4 .. 3.2. Procedure(s) 

V.4.3.3. Post·surgical Provisions Not applicable 

V.4.3.4. Location Not applicable 

V .4.3.5. Surgeon Not applicable 

V.4.3.6. Multiple Major Survival Operative Procedures Not applicable 
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V .4.3.6. 1. Procedures Not applicable 

V.4.3.6.2 Scientific Justification Not applicable 

V.4.4. Animal Manipulations 

V .4.4.1. Injections 
The methodology of intraperitoneal (Lp.) injections by our laboratory technical staff will be 
monitored and approved by the AFFRI veterinary staff prior to the initiation of i.p. injections of 
~for this study. 

lntraperitoneal injections of pentobarbital tor euthanasia 0.01-0.02 ml/mouse Fatal Plus (39·i9 
mg 1pentobarbital/mouse) will be performed with a 23-25 G needle. Injectable anesthesia 
administered i.p. may include lketamine 50-100 mg/kg + xylazine 5-10 mg/kg + acepromazine 1-
2 mg/kg. Total volumes of injection will not exceed 0.5 ml/mouse. and will be done using a 23-
25 G needle. This level of anesthesia was first developed for our use in collaboration with the 
AFAAI v,etertnary staff. Th is dru combinatlQn_JQYides -30-60 min anesthesia wlttLno 
morbidi or mortalit r (b)(4) 
(b)(4) We have also observed t11at lhe animals require at least 10-20 
additional minutes on heating pads to become fully ambulatory. 

(b)(4) 
(b )( 4) 

radiation-irnduced b 4 is shorter than for radiation-induced b 4 ....... ,.._._~--~--.-................................... 
animals will be euthanized from this stud rior to the com letion of ex eriments in this AFRRI 
protocol. (b)(4) 

b 4 f t.h1s m ormation is avarlable pnorto the inittation1 o - xpenment 
i oi this protocol, this information will be used to determine whether thef3coute oL ... .. .......... ..... (~)(~L 
administration in the AFFRI studies. 

When posslble, same route of administration will be utili2ed throughout an enlire study, but the 
site of injection will be changed to avoid injuries from multiple injections in the same site. 

(b)(4) ..... . ....... Anlmals ... 1ecelvini:Jinjections will be examined by the AFARI veterinary staff daily to ensure 
~re are no signs o (b)(4) If it is determined that peritonitis is a risk from infec.t19D. ... J b)(4) 
~or if it is determil'ile t at anrc individual animal is exhibiting signs of (b)(4) he route ...... ... 
of adrninisUation will be switched t~ b)(4) :::J 
V.4.4.1.1. Pharmaceutical Grade Drugs 

l(b)(4) 

V.4.4. 1 .2. Non-Pharmaceutical Grade Drugs None 

V.4.4.2. Bio.samples 
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All biosa.mples will be taken after euthanasia (b)(4) ill be removed en b/ocJ(b)(4) Will be 
removed from..,b....._4..._ ___________ __,_s control tissue. All other tissues will 
be available to other researchers for tissue sharing. 

V.4.4.3. Adjuvants None 

V.4.4.4. Monoclonal Antibody (MAb) Production Not applicable 

V.4.4.5. A!nirmal Identification 
All cages will have cage cards identifying the treatment groups lor each experiment. 

V.4.4.6. Behavioral Studies Not applicable 

V.4.4.7. Other Procedures 

m1diation 
'P'!!"!~--r.i 

b 4 irradiation will be performed usin he methodology 
for (b)(4) irradiation of mice (b)(4) will be developed with the AFRRI IACUC and 
(b)( Once the procedure is approved by VSO, an amendment to this protocol with a 
standard operating procedure (SOP) will be submitted prior to the initiating the studies. 

Mice wil'I be anesthetized by injection and/or using inhaled anesthesf a. Anesthetized mice will 
be placed in ventilated Lucite jigs, or animals will be restrained using surgical tape to prevent 
lateral or vertical movement. Tails and forelimbs will be taped to the jfg to prevent any forw,.,,a..,.rd.,...,.,..,.._ 
motion of animals .and to keep the limbs out of the radiation field. Mice will be irradiated atl(b)(4) 

l(b)(4) lirradiation. The temperature in room where the mice will be 
ilrra.dlated will be measured, and if necessary a spaoe heater or other rrtethod approved by VSD 
will be used to increase the temperature. Following radi.ation exposure, mice will be recovered 
iin a VSD and IACUC approved location or immediately returned to the AFRRI vivarium and 
allowed to recov·er from anesthesia under supervision with heating pads. Immediately upon 
recovery, animals will be returned to s1andard cages that house 4 animals per cage, Lucite j fgs 
w111 be sanitized after each use by washing with soap and water. 

V.4.4.8. Tissue Sharing 
For the proposed studies, ... l(b,..,.)""'(4,...l -------iwill be obtained. All other tissues will be 
available for lissue sharing with other investigators. 

V.4.4.9. Animal By-Products None 

V.4.5. Stu1dy Endpoint 
(b)(4) ···-·········· · T he endpoint..for .Exper.imerit ·1··3 .. is a s. The endpoint for Experiment 4 is[3days~.and(b.)J~.t 

the endpoints for Experiment 5 ar (b)(4) ays postirradiation. Morbid animals will be 
monitored al least three times daily. Monitoring will be performed twice by the Pl or laboratory 
technical staff. The experimental design does not contemplate suppotti1ve therapy, Criteria to be 
used for health evaluation while the animals are on study include: severe weight loss, rU1ffled fur, 
dehydration, decreased activity, and hunched body position, dyspnea, or panting. Animals 
exhibiting these signs ma be euthanized, and considered to be at the stud end oiint. From our 
revious ex~e:rience, (b )( 4) 

V.4.6. Euthanasia 
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Animals will be eutha.nlzed at the stat'ed early endpoints of the experiments by i,p. injection of 
0.01-0.02 ml/mouse Fatal Plus. PHS policy is intraperitoneal injection of at least 200 mg/kg 
sodium 1PentobarbitaJ euthanasia solution; Fatal Plus: 390 mg pentobarbilol/1 ml 

1 ml/390 ml x 0.02 kg/mouse x 200 mg/1 kg= 0.01-0.02 ml 

Injection Lp. will be performed using a 25 G needle. Please note that Eulhasol cannot be used 
as additives in this preparation have effects on (b)(4) IP using a 25 G needl'e. 
Pentobarbital has been utilized as a euthanasia methodology by our laboratory to induce as little 
injury as po.ssible to l(b)(4) IC02 would be unacceptable because of potential damage 

l<bH4l !and cerv11cal d1slocat1on could potentially tear the tracheal(b)(4) I 
l<b)(4) I 

Animals which appear to be experiencing pain or distress as a result of radiation exposure or 
are found to be moribund wiil also be euthanized by pentobarbitol and necropsied. If a moribund 
animal is found that must be euthanized by VSD techs working on the weekend or holidays, 100°/0' 
C02 euthanasia may be used instead of pentobarbitol. At the end of experiments, unused animals 
wijll be transferred to other protocols or euthanized by exposure to 1 00% C02 from a compressed 
gas cylinder in accordance with the current American Veterinary Medtcal Association {AVMA) 
Guidelines for Euthanasia. Cervical dislocation will be used to ensure euthanasia, 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
Routine animal husbandry will be provided in accordance with AFRRI VSD Husbandry SOPs for 
each species in this protocol. Food and acidified water and Rodent Diet will be available ad 
l1ibitum. The 12 :12 hr (lights off at 6 pm) room light cycle is fine for all the studies. 

V.5.1.1. Study Room 
l(b)(S) 

V.5.1.2. Special Husbandry Provisions None 

V.5.1.3. Exceptions None 

V.5.2. Veterinary Medical Care 

V.5.2. 1. Routine Veterinary Medical Care 
Experimental animals will be observed at least twice a day, including weekends and. holidays, 
by one of lthe study investigators or technicians during the periodl(b)(4) ~ays postirnadiaition 

(b)(4) _ ____ w'herr.1effects of radiation are expected to be incurred. VSD personnel will also monitor the 
... · animllJsTv:1ice a day during their rounds, As described in the stLJdy endpoint section animals will 

be monitored at least three times daily, mornin early afternoon and late afternoon during the 
critical period of the experiment following (b)(4) rradiation, from[fil)fa.ys postirradiation 
through the study endpoint. The experimental design does not contemplate supportive therapy. 
The justification for not providing supportive care has been described in the study end point 
section as well as in the pain category section. Criteria to be used for health evaluation while 
the animalls are on study include: severe weight loss, ruffled fur, dehydration, decreased! acti1vity, 
and hunched body position, dyspnea, or panting. Animals exhibiting these signs may be 
euthanized, and considered to be at the study endpoint. Mice scoring a total of > 1 0 urnder any 
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measurement on the revised pain score sheet (ba.sed on Appendix A: Clinical Observations with 
Criteria for Euthanasia [rodent)) wiii be eutha:nized. 

V.5.2.2. Emergency Veterinary Medical Care Emergency veterinary care is provided 24 
hrs/7 days a week by on call VSD veterinary technician and veterinarian as per the AFRRl-VSD 
SOPs, Essential husbandry procedures and health rounds are conducted by VSD personnel 
once daily during weekend and holidays. 

V.5.3. Environmental Enrichment 
V.5.3.1 . Enrichment Strategy 
All animal-son this protocol will be provided with routine environmental enrichment in 
accordance with AFRRI VSD SOPs and IACUC Policies. Examples include nestlets and 
tunnels fo( rodents. 

V.5.3.2. Enrichment Restrictions None. 

VL STUDY PERSONNEL QUALIFICATIONS AND TRAINING 
The methodology of intraperitoneal (i.p.) injections by our laboratory technical staff will be 
rnonitoted and approved by the AFFRI veterinary staff prior to the initiation of i.p. injections of 
DIM for this study. 

NAME DEGREE TRAINING DATE PROCEDURES 
(b)(4) Ph.D. AFRRI (b)(4) 1,3,5 

M.S. AFAAllAALAS MulHple 1,3,5 
dates 

Procedure and ma111pulat1on codes: 
Code 1 = Animal handl'lng and euthanasia 
Code-2= Surgery iaseptic technique) pre- and post-operative care 
Cade 3• injedioM (3a-ip, 3b-se;, 3c-gavage) - eari say 3 lf trained in all rrtan~pulaiion5 or add 3d·iv 
Code 4= Blood collection under anesihssia (4a·eardiac, 4b·posterior 11ema cava) 
Code 5= Tissue collection (after euthanasia) · doesn't need ro be specific 
Code 6 - hnplanlation (provide detaU.s f 
Code 7 =Ear tagging 

VII. BIOHAZAROS/SAFETY None 

vm. ENCLOSURES 

YRSIMOS 
EXPERIENCE 
110 
9-ll-

Pain score sheet criterja t·or eariv e11thanasia 
l(b)(4) 

jmaoe of L1 1qite jjo5 references are joclpded for 

I 
Re ferences: 

(b)(4) 
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(b)(4) ' 

,I 
1 ··~ .. 
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X. A:SSURANCE.S 

~rotocol Title:l(b)(4) !Protection from Radiation-lnducedl(b)(4) !Injuries in 
a Mur1ne Model (Mus,_m_u_s-cu"""lu-s"'"') ___ __. 

As the Principal investigator on this protocol. I acknowledge my responsibllltles anu provide 
assurances for ihe following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
In the manner described herein. unless a modification ls specifically approved by the IACLJC pr(or to fts 
implementatlon. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an l!Jnnecessary 
duplication of previous experiments. 

c. Statlstl:cal Assurance: I assure that I have consulted with a qualified individual who evalu1ated 
the experimental design with respect to the statjstical analysis, and that the minimum number of animals 
needed for scientific validity wlll be used. 

0. Biohaz.ard I Safety; I have taken into consideraiion and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth. in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused lo the animals as a result of' the procedures I 
manipulations. 

f , Ae!sponsibility; l acknowledge the inherent moral. ethical and administrative obligations 
associated with the performance of this animal use protocol. and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals. Additionally. I pledge to conduct this study in the spirit of the fourth "R", namely, 
"Responsibility," which ihe DOD has embraced for Implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Sc'ientmc Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s): I AM I AM NOT conducting biomedical experiments, which may 
potentiaily cause more than momentary or slight pain or distress to animals. Ii applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics. analgesics and/or tranquilizers. 
I have tcHisldered alternatives to such procedures; however. I have determined that alterrnatlve 
procedures are not available to accomplish the objectives of this proposed e)(periment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATIO·N St'IEET 

(Revised protocol 7-15-2014) 
FOR IACUC USE ONLY 

PROTOCOL NIJMBjgR KO){O) I 
Submission Date: 6-f0-2014 :?"" Resubmission Date; 8/5/to14 

Approvedr'Aetutned for Re\llsion: 6/3012014 1" Tier Approved: 815!2014 
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SECONV TIER REVIEW 
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Submission Date: 8/5/2014 Approved/Returned for Revision: 
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NOTES to Pl: 
• To DISPLAY this Word document's red-text inst(UG1ions. Review View Developer 

single-dick Word's Show/Hide button (shown, right), 
located in Word's top·of-page panel (click Word's 
"Home;' tab if Show/Hide isn't displayed). 

• To HIDE the red·text instructions, single-click the 

·- ·- ·- I •'- -'-llA l ll ~ · - .. :t- .. , _ .. -~ • • . ,. 
·- >- ,.. •r- -r 4 

IE • 31! II (•=:· 11 11>. · · 1 
- - - - 1 · - ~ -

P ·1JCt1.ph 
Show/Hide button again. --

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( } only. Do not 
make ehtfies into ihe red-text instruction text. Sihgle-click your mouse cursor in the data field, then 

---~.9!!!.!W~-------·------·------·----·-·---·-·----·------·------·----·-

I. NAME OF FACILITY: Armed Forces Radioblology Research Institute 

II. PROTOCOL NUMBER:( ..... tb-)(s_) -----

111. PROTOCOL TITLE: Radiation countermeasure studies using._l16_l14_l ___ __.land G-
CSF in Nonhuman ~rimates (Macaca mulatta) 

IV. PRINCIPAL INVESTIGATOR: 

l(b)(G) I PhD Date 
Research Biologist Seientifir; Resea,rch Department AFRRI r (6) I 
V. DEPARIMENI HEAD: This animal use proposal received appropriate peer scientific review and is 
consis~ent with good scientific research practice. 

Date 

- Or -
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l(b){6J IPihD, CDR, USN Date 
Head, Sciemific R·esearch Department, AFAAI 
Teleph0ne ltb)<6) I 
~0)(6) I 

VI. ST ATISlilCAL REVIEW: A person knowledgeable in oiostatisUcs reviewed tliis proposal and 
ertsures ihat 'ihe number ot animals used is appropriate to obtain sufficient data and/or Is not excessive. and 
the statistical design is appropriate for the intent of the study 

,_1<5_>15_1 _____ __,I PhD Date 
Statistician 
T eleRhone 1""(b"'"'){""6) ____ 1 Fax:!(b)(6) 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the Atiending 
Veterinarian was consulted in the planning of procedures and manipulations ihat may cause more than slight 
or momentary pain or d istress, even if relieved by anesthetics or analgesics. 

Date 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFFIRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 
~~=1.1.l..iiwn:lil.,Salet:i:: Department, USUHS 

m:l'f.!~......,,...._ _ __ _.,Fax:fbl<6l I 

IX. lA_C_U_:_C_AE_~O-.Y_A~L: This protocol was reviewed and approved by the Institute Animal Care and 
Use Comrnittee on ____ _ 

(Date) 

Ph.D. 

2 of 29 



PROT10COL T1ITL.E: Radiation countermeasure studies usingl._'.b_)<4_) ___ ___,land G-CSF 
in Nonhuman Primates (Macaca mulatta) 

PRINCIPAL INVESTIGATOR: (bl(O) PbD 
Research Biologist,,_<b_>< ____ _, 

CO~INVESTIGATOR(S): (b)(6) 

Staff Scientist < )( 
l(b)(6) IPh.._,.D ____ __, 

Research Associate ll ,L..l(b_><6_> ___ __, 

AFRRI SCIENTIFIC RESEARCH PROTOCOL NUMBER:P._>_(6l ___ ___, 

I. NON-TECHNICAL SYNOPSIS i=xposure to ionizing radiation can lead to d!eath due ta 
inf,ection and failure to recovery from infection by loss of white blood cell precursors in the 
body, especially within bone marrow. This loss of blood cell precursors results in a low 
number ,of circulating white blood cells and platelets which protect the body from 
o~portunlstic infections and uncontrolled bleeding, respectlvely, We have shown that 

l<b> 4> lspeclfically increa~es platelets by 5-fold 
compared to normal untreated mice. Other studies at AFRRI have establ ished that 

l(b)/a) la good radiation countermeasure in mice. Advancement of this drug1 
(alternatively, the class of compounds that enhance platelets in circulation) alone or 
combined with other countermeasures such as Granulocyte Colony Stimulating Factor (G
CSF) to human use re uims studies in a large animal model such as nonhuman primates 
(NHPs). We evaluated (bl<4> in NHPs for safety and efficacy. Our prefiminary 
studies show that the drug administered as a single subcutaneous injection or multiple 
injections does not cause any adverse effects. It also significantly enhanced platelets irn 
both non-irradiated and irradiated NHPs. G-CSF on the other hand has been widely studied 
as a radiation countermeasure in several animal models. In the present protocol, we will 
evaluate various combinations of these two potential radiation counte,rmeasures in NHPs 
subjected to cobalt 60 gamma radiation, 

General note to IACUC members: Technically this new protocol represents continuation 
of an ongoing NHP project. The current active protocol will be expiring on July 31 , 2014. 
The experiments described in this (new) protocol were previously approved as an 
amendment ta the existing protocol. Further, Pl has not proposed any new experiments. 
However, a new arm (G-CSF alone) has been added based on full committee review and 
recommendation of IACUC members. The reasons for the new protocol and continuation 
of the project are as follows: 

a, Animal procurement AFRRI has an established vendor selected through proper 
USU HS contracting procedures. This vendor has not met the re . uired orders and 
animals for this , ro'ect have not arrived. (b)(4l 

b. Program manager notification; The funding agency has been informed of the delay. 
c. Completion: Pl hopes to complete the project within one year of the approval. 
d. This_nrotoooJ should be considered a~s a oilot stud)! with the intent of demonstraiin:g 

potential efficacy of radiation mitigators. 

3 of 29 



II. BACKGROUND 

U.1. Backgr1ound 
Because of increasing terrorist activity and dissemination of nuclear materials, the 

chances of military or civilian personnel being exposed to dirty bombs or improvised 
nuclear devices have risen dramatically in recent years. The prevailing sentiment of the LJS 
government is that it is a matter of when, not if, an attack with radiological or nuclear 
weapons will take place. The nation needs to be prepared for this eventuality. Acute 
radiation syndrome (ARS} results when ionizing irradiation causes defective hematopoiesis 
as a function of the radiation dose, dose-rate, and radiation quality. Defective 
hematopoiesis results in a decline in all blood cell counts for several weeks after ini~ial 
exposure. The primary cause of death during the early phase of the radiation-induced 
hematopoietit syndrome is sepsis resulting from opportunistic infection du1e to a decline in 
the numbers of neutrophils (neutropenia) and increased translocation of bacteria across tlhe 
gastrointestinal mucosa, Sepsis and shock result in eventual multiple organ failU1re and 
death. Acute radiation syndrome is often complicated by hemorrhage as a consequernce of 
thrombocytopenia (reduced platelet counts Stickney et al, 2007). 

The current treatment practice for radiation victims is the off-label administratron of bone 
marrow growth factors, which are not yet approved tor this purpose by the Food and Drug 
Administration (FDA). and must be used under the constan~ supervision of physicians 
becaus·e 10f possible adverse effects. Other agents that may be used for tadiation victims. 
like potassium Iodide (Kl), Prussian blue, Calcium diethylene·trlamine-penta-acetate {Ca
DTPA), and Zinc diethylene-triamine-penta-acetate {Zn-DTPA). address the internalization 
of specific radloactive isotopes, not the general injury caused by external exposure. to 
ioni~ing radiation. For example, Kl is used to prevent thyroid cancers by competirng with 
int,ernalized radioactive iodine for binding sites. Other potential radiation countermeasures 
are still in the pre=elinical research stage. There is a pressing need to develop 
countermeasures to ionizing radiation that will have a general beneficial effect on blood
forming tissues and immune competenceo In order to expedite such studies which cannot 
be undertaken in humans due to ethical reasons, the FDA established "the animal efficacy 
rule" (FDA 2002). Under this rule, pivotal efficacy studies in Rhesus macaques exposed to 
lethal doses of ionizing radiation are appropriate to support approval of novel radiation 
countermeasure agents for human use. 

The effectiveness of drugs to reduce or eliminate deleterious biological effects of 
ioni.zing radiation depends mostly on their effectiveness in controlling neutropenia, 
thrombocytopenia, and possibly anemia. Off-label drugs such as growth factors (GFs), G
CSF, and GM-CSF are available to treat neutropenia, but no such treatment exists for 
thrombocytopenia (although thrombopoietic GFs interleukin 11 [IL-11] and thrombopoiettn 
[TPO] have been studied). However, fir t Jle.c:ati tn__IB _s~c us~e_ct_, d.Y'.I C:!i€Utf1 _ Jsio_~ 
clinical trials .· Kuter 2002, 2007, 2008' (bl<4l 
b)4 

Brief background information onl(6H4i las a radiation countermeasure agent: 
The drug for the present study will be synthesized by incorporation of a 14 amino add 

peptide into a fully human antibody (PA83) scaffold at both the end region of the light chain 
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and the hinge region of the heavy chain (shown below). Control an1ibody without the 14 
amino acid drug ligand will be used as c.ontroL 
~0)(4) 

We evaluated thisl(0J<4J I 
l[bJ(4J las a radiation countermeasure in mice. We 
showed that the drug administered subcutaneously pre- or post-irradiation enhanced! 30-
day survival l<b)(4),(b)(Sl I Briefly, thrombopoietin (TPO} receptor agonists 
lacking sequence homology to TPO were designed by grafting a known peptide sequence 
into lthe hinge and/or kappa constant regions of a human anti -anthrax antibody, Some of 
these proteins were equipotent to TPO in stimulating cMpl-r (the product of the c-mpl 
proto·oncogene, mpb Myeloptoliferative leukemia virus oncogene) activity in vitro, and in 
increasing platelet levels in vivo.l<b)(4) lthe best agonist in this series with a Kd of 
30 nM for 1cMpl-r, exhibited [potent activity as a radiation countermeasure in CD2F1 mice 
ex osed to lethal total bod irradiatLo_n_ TBJ of 9.25 Gy) from a cobalt·60 gamma source. 
(b 4 once either 24 h pre· or 6 h post=TBI showed 
superior protection to five daily doses given pre· or post-TBI. Prophylactic administration 
(aver. 82% 30-day survival) was superior to therapeutic schedules (60% 30-day survival). 

1(1)){4) bonferred significant survival benefit (P<0.01) when administered 4 days 
before or even 12 h after exposure, and across a dose ran e of 0. 1 to 8 mg/Kg1. The dose 
reduction factors (DRFs) with a single dose of !bX4> 24 h re- or 12 h 
post·TBI were 1.32 and 1.11, respectively (,o<0.0001 ). Furthermore,__ _____ ....1 

increased bone marrow cellularity, megakaryocytic development, and accelerated multi· 
lineage hernato:oietic recovery in irradiat~? mic~ demonstrating the pote~tial .of . 

fb>(41 Jas both protectant and m1t1gator in the event of a rad1olog1·call incident. 

Nonhuman . rimate studies usin.· 
(b)(

4l hesus macaque. Our results show that the drug 
( is effective in enhancing platelets although to a lesser degree than seen 

m mice 1gure 1 ). The rE:lsearoh strategy for the present study is to eva.luate a 
combination study involvingl(bX4l land G-CSF or multipl . .__l _____ __._ _ ___, 
administration on osHrradlation survival in NHPs. We showed recentl 1 J 

(b < > that the proposed drug t is safe for use with NHPs. Figufe 1 ________ ........... 
shows preliminary data on enhancement o o ate ets (1 Al in kin irradiated animals 
administered a single sc injection of~6X4J Jas well as changes in 
neutrophil counts (1 B). 
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lOJ\4) 

!Figure 2 shows that a single sc Injection of 2 mg/kg otlt5l<4l ladm~nistered 
either pre-irradiation (-24 h) or post-irradiation (+24 h) to NHPs subjected to 6.5 Gy re,sul,ted 
in survival and recovery of circulating platelets (platelet levels > 20,000iµI) by day 18. 
Although the non-drug treated control animal survived, it had a prolonged platelet recovery 
(day 29). The data represents animals that survived the 60 study. 

(b)(4) 

!Figures 3A (platelet levels) and 38 (absolute neutrophil counts) summarizes the 
hematological data for NHPs that were administered a single higher dose of the drugj(b)(a) 

l(bl<4> !either pre~irradiation (~:M h) or post-irradiation (+24 h) and subjected to 7 Gy 
rad1at1on. The results of drug treatment were not as effective as shown with the lower dose 
of radiation (Figure 2). We therefore proposed a combination of pre irradiation and murupre 
post irradiation drug administrations (the current protocol). 
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(b)(M 

11.2. Literature Search for Duplication 
11.2."1. literature Sources Searched PubMed, BRD, NIH Reporter, Embase 

11.2.2. Date of Search: 5~20-2014 
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11.2.3. Period of Search: Pubmed 1946-present, NllH Reporter Fy1989 to present, BRD 
1987 to active, and Embase 1966#present. 

1124 K W d fS h .. -. . ey or so earc 

Pub Med 
NIH BAD Embase 

Keywords Reporter 
1946~ FY 1989· 1987- 1966 .. 

present present actlve present 
TPO 3696 652 1 291 

PJ\4J 79 5 0 0 
t radiation 4 1 0 0 
• radiation +primates 2 0 0 0 
+ radlalion + primates 

+ hematopoiesis+pharmacodynamics 0 0 0 0 
+ bone marrow 

lb)(4) 
0 0 0 3 

... TPO 0 0 0 0 
+ TPO + platelets 0 0 0 0 
+ TPO + primates 0 0 0 0 
+ TPO + radiation + 1* 0 0 0 cobalt 60 

G-CSF + primates 27949 35 0 0 
(0)(4) + G-CSF + primates 0 0 0 0 

* G-CSF + primates + 
0 0 0 0 cobalt 60 

b)l'IJ + G-CSF + primates + 
cobalt 60 + mltlgator 0 0 0 0 

(b)(4),(b)(6) 

11 .2.5. Results of Search There is no duplication based on the literature search. 

Ill. OBJECTIVE I HYPOTHESIS Exposure to ionizing radiation can result in significant 
biological effects leading to mortality. The mission requirements of our military and 
homeland security p·ersonnel operating in a radiological environment are to provide re.scue 
operations. security, radiological surveying, intelligence gathering, and decontamination. lni 
a mass exposure scenario, where personnel are cut off from clinical support and treatrfient 
time is of' the essence and administration of count-ermeasure a ents could ameliorate the 
d.2leterious eWfects of ioni~ing radiation. The (b)( ) 

fb)14) }is a promising can""'d,.,...id.,..a ... te-- ,,..b-as_e_d.,..o_n_m_o_UJ_se- d ... at .... a-. .... lt..,..is_b,.... e'""'in_g___, 
evaluated in NHPs under the existing active but expiring protocoL The present motocol 
(new) will continue the NHP studies and extend ongoing observations with ._1<6_){4_) _,..........-_ _, 

We intend to studyl(bl(4) leither alone (pre and post irradiation) as a. multiple 
regimen or combined with G~CSF. 
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Note: Pleas,e refer to the note to IACUC members on page 4 (below non-tec~nical 
summary). This proposal represents continuation of an approved proiect= no new 
~~p_e1Lm_ants_:'antp_mp_Qs_e_d_altho_u_gb__a_n_axtrn_arm_(O~C_SLalo__o_aw_a$_b_e_en_a_d_cie_d_tQ 
experiment 1 and 2 based on recommendation of IAGUC membe_rs du1iingi full committee 
review, 

Scientific relevance and hypothesis: Exposure to ionizing radiation increases 
susceptibility to infection and mortality due to signifilcant loss of hematological regeneration 
capabilities. This is relevant to the context of military personnel, first responders, and other 
personnel who may be involved in rescue, security, and decontamination associated with 
accidental nuclear exposures. Over the years, several promising candidates have evolved 
that enhanced hematological recovery. Although none of these have been approved for 
treating rta·diation injuries, the FDA has recommended the use of cytokines, sUJch as G-CSF 
(already in the U.S. stockpile) to control neutropenia in combating opportunistic infecti~ons. 
l he r,elevance of this iproposal is one that address&s an area (platelet recovery) that has 
not been extensively studied. Radiation~induced thrombocytopenia associated with loss of 
platelets .has been implicated in the deleterious effects of ionizing radiation, especially 
mortality in NHP under acute exposure (Stickney et al 2007). Since other iinvestigators 
have shown that enhancement of platelet response is associated with improved qUlality of 
lite in patients with thrombocytopenia, it is imperative to develop drugs that can work by 
reduQfn_ radiation-Induced thromboc o enia. TbeJ ·resent ro _osal will evaluate 

t in nonhuman primates 
(NHPs) exposed to robalt-60 gamma radiation. We hypothesize; based on oLir radiation 
counterm~asu:e st~dies in CD2F1 male mice that the druj ~HI be as effective in NHP as it 
has been 1n rruce. Further, we exped(b)(a) will produce robust 
hematological recovery that will not be restricted to a single lineage. For instance, 
administration of this drug will not only increase circulating platelets but will also iincrease 
neutrophils and monocytes. 

IV. MIUT ARY RELEVANCE Nuclear proliferation, terrorist activity; and the distribution of 
nuclear and radioactive materials through underground networks make incidernts involving 
radiation injuries increasingly likely. As explained in a Department of Defense (DoD) Report 
to Congress (http://www.acq.osd.mil/cp). Al~Oaeda is known to have ambitious plarns to 
acquire or develop nuclear weapons and is receptive to outside nuclear assistance. That 
group has also attempted to purchase enriched uranium. In view of the increasing 
likelihood of accidental radiation exposure and bioterrorism, the need for field able radrationi 
countermeasures has been recognized as a high priority by the DoD. 

Advances in radiation countermeasure strategies may enable military forces to operate, 
when required, in nuclear or radioactive combat environments while minimizing botih short
and long-term consequences of exposure to ionizing radiation. Accurate casualty prediction 
models promote effective command decisions and force structure planning. Advanced 
biological dosimetry methodology is used in triage, treatment decisions, and risk 
assessment. Together, the results of the three research thrusts improve therapeutic 
straH~gies for the treatment and prevention of early and long-term health effects and 
mi~igate the risks to our personnel and their offspring (AFRRI mission statement). 

Most deaths due to radiation occur as a resu lt of bone marrow damage and secondary 
infection. Any treatment that stimulates hematopoietic recovery could be advantageous. 
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We have recently shown tha~l6H4 ) !enhanced platelet levels in circulation 3-5 fold 
in normal and sublethally irradiated mice. This protocol involving evaluation of the drug in 
NHPs wiill allow advancement of the drug to stockpiling for emergency use against ionizing 
radiation. 

The scientific basis for the combination of pre- and post- administration of a drug or a 
cor:nbinat:ion of dru~s i~ to enhance the ben~ficiar~ effects of radiation countermea:sures. 
Using two drugs with d1ff erent modes of action l(b)( lpromotmg platelet 
regeneration; G-CSF stimulating neutrophils is h . othesized to be beneficial in irradiated 
subjects, We have previously shown that (bl(4> is a good radioprotectant 
(administered -24h) and a mitigator (effective + 12 h and in some instances up to +24 h) in 
mice. F,arese et al., (2012} recently demonstrated that G-CSF (1 o µg/kQ) administered daily 
(until absolute neutrophil counts (ANC) i:!: 1000 cells/µI) and in conjunction with full supportive 
caire increas,ed survival of lethally irradiated Nonhuman primates (NHPs). Growing evidence 
in large animal models such as NHPs, have demonstrated that G-CSF plays a significant role 
in the treatment of the acute radiation syndrome (Bertho et al,, 2005; Drouet et al., 2008). 
More recently (May, 2013) FDA has reeommendea that G-CSF could be used in radiation 
patients withou~ the President's directive; however, the FDA panel also indicated the need for 
additional studies to optimize the drug response in NIHPs or other large animal models. 

We will be conducting studies in animals with minimal supportive care (no antibiotic or 
blood transtus~fW'· As de~ribed belw in Experiment 1, we inte .. nd to ~retrea. t animals with a 
single dose otl > and subject them to whole body Cobalt 60 gamma 
radiation. These anim~ls wi receive -CSF following radiation exposure. The end point wifl 
be survival and hematolo' ical changes over 60-days post-irradiation. We hypothesize that 
pretreatment wlth <b (4> ~ nd followed by G-CSF treatment post irradiation wtll 
synergistically increase radiation survival of NHPs. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

v.1.1 . Experiment 1: Effect of 1 pre-irradiation agministration otl(bJ<4> ~ 
multiple postirradiation administrations of G-CSF (once daily) until neutrophil 
rec,overy: The first experiment will evaluate hematological indices at periodic intervals and 
monitor animals for 11Jryive1 until 60 d~s postfr.radiation. In this experiment b.asedl on 
experimental design _CDX4

> . . " ill be administeredl(b)(4> lprior to irradiation 
(Schematic 1 ). Filgrastlm (G-CSF) administration will be initiated +24 h postirradiation and 
will be continued on a daily basis until neutrophils return back to~ 1000 cells/µL This is 
anticipated to be around 16 days (± 4 days). 

Schematic 1 

Day1 • Day 2 -·····-··Day 16•0 ----··--····-·-··--·-·-··Day 60 

Coball 60 G-CSF (mitigation) Termination 

l(b)(
4l ladministerecl<DX4> lsc 

G 0 GSF· administered + 24 h, (day 1) G·CSF 10 µglkglday sc and once every day 
until neutrophil ~ 1000 cells/µI (day 16 ± 4 days) 
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Experimental design 
f he following groups will be included in the study: 

Group 1-Control - will receive PSS sc pre- and postirradiation. 

Group 2- G-CSF alone- will receive G-CSF daily (starting +~4 h, and until neutrophil 
recovery (~ 1 ooo cells/1-11) 

Gro·up 3-ll6l<4) JG-CSF- Will receive .... 116~><4~) _______ land G-GSIF (+24 h. and 
until neutrophil recovery (~ 1000 cellslµI) n = 3 

Radiation 'dose: The dose in the present study will be 7.2 Gy@ 0.6 Gy/min representing 
approximately the LD70/60 dose with minimal supportive care (unpublished pre~imnnary 
data). 

fb)(4) 

irradiation 
lregimen: ( ... 16_><4_i _______ ___.lwill be admintstered sc 24 ~ be.fore 

G-CSF regimen : The first G~CSF administration (10 µg/kg) will be administered sc 24 h 
postirradiation. Additional G-CSF will be administered sc daily (1 O µg/kg) until absolute 
neutrophil count (ANG) increases to~ 1000 cells/µL. 

PosJitradiation monitoring:_Animals will be monitored for 60 days postirradiation. 

Euthanasia: Experimental animals will be euthanized at the end of 60 day observation 
period and all relevant tissues including bone marrow will be collected for histopathological 
and biochemical analysis. 

V.1.2. Experiment 2: Effect of 1 pre-irradiation administration of 115
><
4
> I+ 

three ipostirradiation administrations of G"CSF (on day+ 1, +2, and +3 postirradtation) .. 
This experiment will evaluate hematological indices at periodic intervals and monitor 

animals for survival until 60 days postirradiatlon. In this experiment based on experimental 
~esign ,l(b)<4l . lwill be administered~rior to irradiation {Schematic 2). 
Filgrastim (G~CSF) administration will be initiated +24 h postirradiation and wi ll also be 
administered on day· +2 and day +3 postirradiation (Schematic 2). This experiment is based! 
on mouse studies where in PI has demonstrated that 3 daily postirradiation injection of G
CS F alone are effective in increasing 30-day postirradiation survival (unpublished data). 

Schematic 2 r (4) 
I 
~ 

Day1 Day2 Day3 Day60 

I I I I I 
l(b)(4) lsc), Cobait 60 G-CSF (mitigation- 3 injections only) Termination 

j(b)(4) ladrn ln is tered<b )( 4 > lsc 
G-CSF- administered + 24 h, (day 1 ), day 2 and day:) postirradiation (G-CSF 10 µgfkg/day sc} 

11 of 29 



E~p_e 1to1en laLd_e_sjgn 
l he follov\iing groups will be included in the study: 

Group 1-Control - will receive PBS sc pre~ and postirradiation, n z 3 

Group 2- G=CSF alone= will rec-eive G=GSF ( +24 h. + day 2, and + d_av 3 p_ostirradlatio.o) n = 3 

Group 3-(<b)(4> JG-CSF· Will receivelib)<4) land 
G-CSF (+24 h. +day 2. and+ day 3 postirradiation) n = 3 

Note: All other experimental conditions such as radiation dose. euthanasia etc will be 
similar to exroerim~nt 1 and hence are not described. 

V.1.3. Experiment 3: Effect of 1 pre-irradiation administration of IMt4> I+ three 
postirtadiation administrations ofl(0~<4l l(on day +1, +7, and +10): This experf1ment 
will evaluate ipr,e and postirradiatiotiCbl( l I administration on hematoooietic recover 
and 60-day postirradiatlon survival. This conce tis based on clinical use o 1 

<bH4> _ in activitY.: (bl<4l 
\blt4l is · ivein once a week tor treatihg rdiopathic 
thrombocytopenia purpura (ITP), However, has not been evaluated as a. radiation 
counterrneasure. 

Experimen1al design 
f he following groups will be included in the study: 

Group 1-Control - will receive PBS sc pre- and postirradialion, 

Group 2-l<0JC4l 
( -24 h, +"""1 """ci""'"ay-.-+-1-a-a-y,-a-n-a-+ ... 1 '"'"o-a-ay"'"} _____ _, 

n::::3 

Radiation dose: The dose in the present study will be 7.2 Gy @0.6 Gy/min representing 
approximately LD?0/60 dose with minimal support care (unpublished preliminary data). 

f6)(4) !regimen: 1(bka) lwill be administered SC 24 n be.fore 
irradiation and on day 1, day 7 and day 1 o postirradiation. 

p,ostirradiation monitoring: Animals will be monitored for 60 days postirradi1ation. 

Euthanasia: Experimental animals will be euthanized at the end of 60 day observation 
period and all relevant tissues including bone marrow will be collected for histopathological 
and biochemical analysis. 

V.2 .. Data Analysis 
Comment: As mentioned in the non-technical synopsis, the experiments described in the 
protocol should be considered as pilot studies and hence statistical evaluationJ will be 
Ii milted. 
Statistk ian's remarks and approval: 
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Working Hypothesis for declaring a test agent effective; An observed 30% increase in 
survival over the vehicle-treated group exposed to a radiation dose producing - 70% 
(±101:>/o) morta11ty1 monitored over 60 days post irradiation, (This criterion is basea on data 
from previous extensive mouse studies/literature iscientific discussions & agency 
requirements to evaluate radiation countermeasures agents).Means and SE with a 
significance level at 5'% set for ea.eh test has to be performed. lln order to evaluate the 
hypothesis set forth and establish a comparison of significance of deviation from the 
hypothesis, !Fisher Exact Test to be used. The test can provide the significance and 
deviation oi efficacy of the measure used. Type-1 error is controlled at 5°/o, type~2 error is 
20% and sample sizes are equal between the different groups. The Exact Log Rarnk test 
(one-tailed} and the generalized Savage (Mantel-Cox) procedure (BMDP Statistical 
Software Inc., CA) will be used to compare survival of drug"treated and control groups in 
the radiation-survival experiments. The log-rank test or the Mantel-Cox test evaluates the 
test hypothesi-s of survival distribution s1atistics and potential effectiveness of drug 
response among the groups of samples at the established time points to ascertain the 
drug efficacy and effectiveness. It provides the statistics to differentiate do1se-response 
efficacy based time distributions among groups of samples for potential new treatment 
evaluatijon comparison to controlled treatment with or without combination. This test is 
widely used in clinical trials to establish the efficacy of the drug or drug combinations and 
to establish lthe drug effectiveness. When inferential statistics is used such as t-test. 
Fisher''s tests, ANOVA etc, to evaluate the outcome and comparisons, sample size (n) 
need to be determined to provide sufficient statistical capabillty for performance. Based 
on the power analyses the sample size proposed by the investigator is appropriately 
sufficient to deliver more than 80%. Although experiments with 8 NHPs (4 NHPs per 
group) have ... 80% of power to detect significant differences between the drug-treated and 
vehic'I~ controls, for t~e present protocol ~-6 animals~er group (2'4 NHPs in total) are 
used since these studies are exploratory 1n naturel<6J(4 lias not been 
systematically analyzed in large animal model), 

Demographic, hematology, vital signs, blood counts, chemistry, antibody levels, and 
cytokine estimations in both blood and urine wiil be compiled as summarized using mean, 
standard deviation, minimum, median and maximum values, 

Vital signs will be summarized using descriptive statistics at each assessment time for 
each treatment group. 

V.3. Laboratory Animats Required and Justification 

V.3.1. Non-animal Alternatives Considered The effectiveness of drugs such as 
l(b)(4) la.gainst radiation cannot be adequately assessed using current in vitro 
technologies. The U.S. FDA recognizes the ethical considerations involved in testing the 
efficacy ,of radioprotective drugs in humans. Therefore, the FDA requires preclinical drug 
assessments (safety and efficacy) to be performed using both small and large animal 
models {FDA 2002) prior to granting approval for safety testing in humans. The proposed 
experiments will provide efflcacy data with NHPs, one of the preferred large-an1imal models. 
If these studies are successful, full~fledged GLP studies will be conducted for safety and 
efficacy. GLP studies are very expensive and cannot be done with the grant for this study. 

V.3.2. Animall Model and Species Justification NHPs are necessary for the pre
clinical development of a drug candidate intended for use in humans because drug 
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metabolism and physiology are very similar between humans and NHPs. Testing a dmg 
with potential for human application in NHPs ensures safety and specificity prior to the dmg 
entering into the clinic. This is true especially because of safety risks and the chance of 
unexpected autoimmune or hyper-immune reactions. Due to the species-specific nature of 
immune reactions, the drugs can only be studied in vivo in hosts whose immune systems 
are very closely related to that of humans. Rhesus maeaques ar~ the model of choice for 
investigations of radiation injury and countermeasures because of the larg1e database 
available from the existing literature that allows for robust comparison. The F'DA has 
accepted rhesus macaques as the appropriate animal model for pilot and pivotal efficacy 
testing of radiation countermeasures under the Animal Efficac · I . wh r . efficacy testing 
cannot be performed in humans. The satet ·and effioac ·of ( was 
demonstrated in mice. ) 4 

(b <
4 it is appropriate to conduct the present set o 

exiperi rfH~nts lo advance the drug for human use. 

V.3.3. Laboratory Anirmals: Macaca mufatta (rhesus macaque) will be obtained from 
vendors registered with the USDA. 

V .3.3.1. Genus/Species: Macaca mulatta 

V.3.3.2. Strain/Stock; Preference will be given to animals of Chinese origin so that 
comparisons can be made with existing data on NhlPs from AFAAI. Male and female M. 
mulatta are required that have been pole and collar trained; have normal cardiovascular 
parameters, no infections or wounds, and which have normal liver and kidney enzyme 
functions. 

V.3.3.3. Source/Vendor: In general} the s_ourc_es_l_oLthese afllm_als ate c_ommerc~al 
vendors reg1istered with USDA.(<b)(a) I 

r I 
V.3.3.4. Age: Animals of 3 to 8 years of age are requested for the present study. 

V.3 .. 3.5. Weight: Animals must weigh in t11e range of 3-8 kg. 

V .3.3.6. Gender: Male and fem ale 

V.3.3.7. Special Considerations: NHPs shall test negative for Herpes B Virus (aka, 
Macacine herpesvin1s)1 simian T-cell leukemia virus type 1 (STLV-1 }, simian 
immunodeficiency virus (SIV), and simian retrovirus (SRV) Types 1, 2, 3, and 5. Animals 
shall also test negative by means of virus isolation or polymerase chain reaction (PCR) for 
SRV Type 2. NHPs wi l~ either be vaccinated for measles or, in the case ot previously 
measles-vaccinated NHPs, tested for the presence of measles antibodies. 

NHPs corning from the vendor colony must test negative for Salmonella sp. and 
Shigella sp. On the advice of the attending veterinarian, in consultation with the Pl, the 
exclusion criteria for certain viral and bacterial pathogens may be waived. 
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CBC and blood chemistry will be obtained from vendors for each primate and screened 
for abnormalities by an AFRRI veterinarian. Any abnormal findings will be discussed with 
the Pl and a determination of the fitness of the animal for use on the protocol will be made. 
Individual medical records will be maintained during the entire length of the study. 
Tuberculosis testing will be performed in accordance with VSD SOPs. 

Use of collared animals allows them to sit in special chairs for blood draw as well as for 
other examinations/treatments. 

V.3.4. Number of Animals Required (by species): Total (24): 12 males and/or 12 
females 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement: Pain is not expected from the irradiation per se but the sequelae of 
radiation exposure at the levels indicated in this protocol will cause pain and distress. 
Unexpected circumstances that elicit pain and/or distress will immediately be brought to the 
attention of the principal or co-investigator and attending staff veterinarian for appropriate 
action as detailed in AFRRI Protocols. 

The use of pole and collar trained animals (preferably from vendor) will reduce the 
stress on the animals during blood draw and injections. Acclimatization to bottle for oral 
supplementation such as drinking water, juices, Gatorade and electrolytes will facilitate 
working with the animals and relieve the discomfort from radiation-induced vomiting or 
diarrhea. Prior to placement of the animals within comfortable radiation restraining chairs 
they will receive light immobilizing doses of ketamine (as determined by veterinarian) to 
reduce the anxiety of moving. The time in the chair will be kept to a maximum of 1 h. ln 
addition, the animals will be transported to the radiation facility in a closed HEPA-filtered 
cart to reduce the excitement of moving from their home cages to the radiation area. 
Medications will be provided in case of fever, diarrhea, vomiting, and bloating. 

Lastly, relative to a humane endpoint, moribund animals will undergo euthanasia. 
Euthanasia will only be provided by qualified veterinary staff. The endpoint of the studies 
will be either death from the squeal of radiation injury or euthanasia for moribund animals. 
To minimize animal suffering, pain, or distress, moribund animals will be considered to 
have arrived at the study endpoint. Such animals will be euthanized and recorded as 
"mortality". 

Animals will be considered morbid when they display symptoms listed in V.4.5 
Experimental animals that are morbid, but not moribund, will be allowed to continue in the 
experimental protocol with minimal supportive care in order to evaluate survival accurately. 

Animals will be considered moribund when showing some or all of the signs of 
morbidity, the animals also display severely debilitated state and are in terminal distress. 
Animals will be monitored more frequently during this critical phase of the study. 

V.3.5.2. Reduction: Further, we propose to use multiple sampling points for blood 
collection. Baseline data obtained from individual animals pre-irradiation (3 time points) will 
be used for assessing post-irradiation alterations in hematological parameters. 

V.3.5.3. Replacement: None 

V.4. Technical Methods 

15 of 29 



Arnimal procedures: NHPs will be pair-housed as much as possible after observing 
compatibility. Animals will be quarantined for 4-6 weeks prior to the inception of the 
experiment Environmental enrichment will be in the form of fruit, vegetable, or addlitional 
dietary supplements, and various cage·enrichment devices. Fruits will be washed in fresh 
wal er, treated with dilute chlorine solution (200 ppm chlorine/5 gallons water) and rinsed 
before providing lt to animals. 

Chair training: Animal order request will include installation of collars and train"ng in the 
technique of ipole and collar with chair restraint. This training will be further reinforced at 
AFAAI by VSD staff and project personnel. 

Jrra1'.liation: On the morning of irradiation, the NHPs will not be fed. Animals will be 
sedated, loaded into specialized restraint boxes, transported to the AFRRll cobalt facility 
using a self-contained lbrsathing unit (HEPA-filter equipped} transport container andl 
irradiated. Following radiations, animals will be returned to their original room and kept in 
clean cages. Since the NHPs will be sedated prior to restraining in the specialized boxes 
tor radiation, "restraint" training in this instance is not mandatory. 

Animals will be assigned to treatment groups using either a computerized randomizatiion 
procedure or a physical randomization procedure depending upon the sample size. 
Randomization is designed to achieve balance in terms of neutrophil counts and body 
weights. Body dimensions (waist} will be measured prior to radiation. Animals may be 
removred from the study based on abnormal neutrophll counts or clinical s~gns {plhysical 
exarn, clinical chemistry) during the weeks before irradiation, in which case backup animals 
will be randomized. The list of animals, with assigned groups and Irradiation pairings, will 
be dis-cussed with AFRRI dosimetrists in advance before the irradiation day to facilitate 
dosimetry. 

!Radiation dosimetry will be performed by the AFRRI dosimetrists using different sized 
cylindrical monkey phantoms inside monkey restraint boxes l(b)(4) I 

fb)(4) I . 
General rprocedures: 

f Pi/W
0 

fnrmuJatJon· lwill provide the drug. The drug will be 
endotoxin tested by Charles River laboratories and the drug will be diluted appropriateliy in 
sterile PBS prior to injection (within 1-2 h after preparationL The drug will be mairntained 
undiluted at 4 QC until injection. The drug dose will b~(ti)(a) pdminfstered sc, 

Filgastrim (Neupogen®) recombinant human methionyl granulocyte colony stimulating 
factor {r-metHuG-CSF) will be purchased from Amgen, Inc. (Thousand Oaks, CA). The 
drug will be diluted appropriately in sterile 5% Dextrose prior to injection (within 1-2 h after 
preparation). The drug will be maintained undiluted at 4 QC until injection. The drug dose 
will be 1 O µg/kg administered sc. 

Blood collection: Blood samples will be collected under appropriate SOPs. Blood (0.5 ml t.o 
~ .5 ml/day depending on the time point) will be collected from a peripheral vessel or 
femoral vein with a 22-25 G needle attached to a syringe to reduce the chances of blieedling1 
after blood collection in irradiated animals. An aliquot (0. 5 ml) from each sample will be 
taken immediately for CBC/differential. Further, 0.5 ml will be used to prepare serum that 
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will be frozen at -70 °C for clinical chemistry and antibody measurements. If additional 
blood collection (extra 1 ml/collection) is required for bacteremia (in case of severe 
neutropenia) or for evaluation of other parameters such as antibody assays then 
amendments will be submitted to request such collections. 

The area for the blood draw will be swabbed with disinfectant to include 70 % alcohol 
(isopropyl or ethanol) solution for routine collections and additionally with providone-iodine 
for microbial sample collections (left in place for 3 minutes) before inserting the needle. 
Providone-iodine, if used, will be swabbed off to reduce irritation to the tissue .The blood 
sample will be drawn as described above. While withdrawing needle, pressure will be 
applied at the same time with a clean gauze to reduce bleeding from the blood draw site. 
While making routine observation of animals, the blood-draw site will be checked for 
bleeding. If the site becomes infected, topical antibiotics will be applied, under supervision 
by VSD. 

Urine collection: 
Free Catch Method: Urine collection procedure will involve the use of standard trays with 
fiberglass mesh filters (Johnson et al., 2012).Trays will be placed under NHP cages after 
morning cleaning has been performed by VSD animal husbandry personnel (placed at 
approximately 10:00 am) and will remain under cages for approximately 4-6 h. Normal 
feeding and watering will be performed while trays are under cages. Urine will then be 
carefully removed from the tray with a disposable 2 ml pipette, aliquoted and stored at -80° 
C. Baseline urine collections will be performed at least 1 week before radiation. Urine 
collection will continue at every other from day 0-8 and then approximately once to twice 
per week through day 35. Samples will remain frozen at -80° C indefinitely until cytokine, 
trace element and metabolic analysis can be performed. 
Alternative Methods: Other methods including the use of metabolic cages and diapers have 
also been described for urine collection in Non-human primates as reviewed by Kurien et al 
in 2004. The Pl will reserve the initiative to explore other options if the free catch method is 
insufficient to obtain pure animals urine for qualitative and quantitative purposes. 

Identification of pain: NHPs demonstrate remarkably little reaction to surgical procedures 
and injury in the presence of humans. An NHP in pain has a general appearance of misery 
and dejection. We will observe all irradiated animals for grimace and glassy eyes, loud and 
persistent vocalization, avoidance of social interaction, and grooming. Gastrointestinal 
injury may be associated with abdominal pain displayed as facial contortions, teeth 
clenching, and restlessness. Headaches manifest by pressing the head against the 
enclosure surface. Self-directed injurious behavior may be a sign of more intense pain. 
Since most primates in pain will refuse food and water, daily food and water intake will be 
closely monitored. Further, response to a familiar personnel and changes in willingness to 
cooperate may also indicate pain, which will be closely monitored and recorded. 

Euthanasia: Animals will be sedated according to current American Veterinary Medical 
Association (AVMA, 2013) guidelines. All animals will first be sedated with ketamine (IM, 10 
mg/Kg). Animals will then be euthanized with sodium pentobarbital (IV, 100 mg/kg). See 
item V.4.6 for euthanasia criteria before the end of the study. 

Veterinary Care: All animal procedures performed will be in compliance with the Animal 
Welfare Act, the Guide for the Care and Use of Laboratory Animals, and applicable VSD 
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SOPs. Our facilities are accredited by the Association for Assessment and Accreditation of 
Laboratory Animal Care International. Animal usage will be approved by the lnstitut~onal 
Animal C.are and Use Committee in accordance with approved protocols. Species specific 
environmental enrichment and dietary supplements are provided according to standard 
operating 1Procedures. 

Routine and emergency veterinary medical care~ Animals will be quarantined for 4~6 
weeks on arrival and could be assessed for pole and collar training during the quarantine 
period. Each animal will be observed twice daily for evidence of pain or distress. Body 
weights will lbe determined at least once prior to the start of the study, and on a regular 
basis when the animals are chaired for blood collections. Body temperature will also be 
determined at least once prior to the start of the study, and on a regular basis when fhe 
animals are chaired for blood collections using chips implanted by VSD trained staff. The 
time of each !blood collection will be recorded for each NHP. Animals will be qualitatively 
assessed twice daily (a.m. and p.m.} for general behavioral status and food consumption. 
Appropriate standard operating procedures will be followed by staff veterinar~ans in the 
event of pain or distress. 

Minimal supportive cam; We define minimal supportive care as clinical care that d1oes not 
involve platelet or blood transfusion. Clinical care will be minimal; platelet counts may drop 
below 20,000 cells/µI for several days, but whole blood will not be transfused, as this would 
negate the purpose of the study. Skin characteristics will be monitored daily for signs of 
dehydtaltion_. which may be possible if animals avoid drinking after exposure. In this case, 
supplemental fluids wllll be administered (Table 1 ). 

Table 1. Summary of Mihlmal Supportive Care 

Drug cla!rs 
Allowed medication or 

Indication and/or criterion for administration supportive care agents 

Anesthetics Ketamine 1o±5 mg/kg, IM Sedation during procedures: 

• Administered before animal manipulations to 
minimize stress and anxiety. 

Analgesics Acetaminophen (Tylenol) Pain Management: 
5-10 mg/kg PO BID-QID . Acetaminophen can be administered when 

evidence of pain is present 
Antipyretic Acetaminopheh (Tylenol) Fever [temperature? 104 °F (40°C)] 

5-10 mg/kg PO BID"OID 

SUJpplemental Hydrating fruits and pop sickles. Dehydration: (At the request of the 
Fluids investigator or veterinarian) 

PRANG 15 ± 5 ml/kg PO in . Symptoms Include diminished skin 
consultation wiih VSD staff. turgor, dry mucous membranes, dry 

nose, increased hematocrlt, arnd sunken 
eyes 

Fever [temperature~ 104 °F' (40°C)] : 
Nuiritlonal 810-SERV certified Rhesus Weight Loss (Anorexl'a): Nutritional support 
Support Liquid Primate Diet can be administered when body weight is 

..:85% of baseline and be continued as long as 
the body weigh remains <85% of baselin:e. and 
the animal Is not eating. 
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Antibriotics As per veterinarian consultation Evidence of subcutaneous infections, open 
(Topical) wounds: Antibiotic cream can be administered 

(under supervision of vso staff) to ameliorate 
discomfort due to skin lesions. 

Anti-diarrheal Loperamide hydtochlorlde Diarrhea: 
(imodium), lnltial dose 0.04 At the fi<st sign of soft to loose stools: lmodium 
mg/kg OID. will be administered up to twice daily and 

should coniinue for 3 days. It may be stopped 
earlier than 3 days if the diarrhea resolves. 

Barbiturates Pentobarbital sodium. 100 mg/kg Euth.anasia. 
IV. 

lf pa.in and/or distress are seer\ the Pl and VSD veterinarian will be notified ~mmediattely 
to evaluate and determine the appropriate treatment, even on the weekends and after 
normal business hours. Body temperature may be monitored daily. Hematology will be 
monitored one week before irradiation, and at appropriate times after irradiat1on. 
Symptomatic therapy will be provided with development of abnormal clinical signs. For 
example, fruit or treats may be given in case of anorexia. In cases of open wounds with 
significant defects following skin necrosis due to subcutaneous infections, the arrea will be 
thoroughly cleaned and appropriate care will be provided by technical staff and VSD 
veterinarian. If pa.in and/or distress are observed, affected NHPs will be evaluated by a staff 
veterinarian and will be treated as determined by the staff veterinarian. 

lnappetence or dehydration with or without signs of gastrointestinal distress wlll be 
treated with either fluid supplementation (per os tubing) or Liquid Primate Diet at the 
request of the investigator or staff veterinarian. Antibiotic cream may be administered 
topically (under supervision by VSD staff} in order to ameliorate discomfort due to skin 
l,esions. 

Estimation of hematological indices: Blood (0.5-1.5 ml/day depending oni time point (see 
fable ,2)) will be obtained from the saphenous vein (or femoral vein) using' a 22-25 G 
needle attached to a 3 ml (generally) heparinized syringe from non-anesthetized NHP, 
transferred immediately into pre-coated ethylenediaminetetra-acetic acid (EDTA, Sigma
AJdrich, St. Louis, MO, USA) tubes and mixed gently on a rotary shaker until analysis, The 
coded tubes will be analyzed for white blood cell (WBC), absolute neutrophil cou11ts (ANC), 
monocytes, lymphocytes, reticulocytes, hemoglobin and platelet counts using th:e ADVIA 
2120 {Siemens Medical Solutions Diagnostics, Dublin, Ireland) and data will be generated 
using the MS software, version 5.9. 

Estimation ·of peripheral blood progenitor cells: The primary effect ofl(b)(4J lis on 
the hematopoietic stem and progenitor cell (HSPC) proliferation. Since we have not 
included bone marrow collectlon during the 60 day observation period in these NHPs, 
assa~ of the perioheral blood for HSPCs will serve as a substitute for determinung the effect: 
ofltb)( ]on the hematopoietic cells in normal and irradiated NHPs. Heparinlzed 
blood will collected as described above and total CFCs [i.e., granulocyte-macrophage 
colony=forming units (CFU=GM), erythrold burst=forming units (BFU=E), and multilineage 
(granulocyte, erythrocyte, macrophage, megak.aryocyte) CFU (CFU·GEMM)] and high
proliferaltive potential CFC (HPP-CFCs) will be assayed. 
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V.4.1. Pain I Distress Assessment 

V .4.1.1. AIPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 24 

V.4.1.1.1.1. Column C _o_ (#of animals) 

V.4.1.1.1.2. Column D _o_ (#of animals} 

_24_ (#of animals) V.4.1.1.1.3. Column E 

v .4 .. 1.1. 1.4. p· am Ga eaorv A sstanments 
Exp. -- , : ... ental/Control Groua 
1 \U}\4) land G=GSF (G-CSF administered until 

neutrophil recov.erv 
2 I OH41 1·and G-CSF (G-CSF administered for only 

three davs oostlrradiation) 
3 (0)(4) lore and post irradiation 
Totals: 

V.4.1.2. Pain Relief I Prevention 
V .4.1.2.1. Anesthesia I Analgesia I Tranqu ilization 

c D E Totals 
0 (j 9 9 

0 0 9 9 

6 6 
24 24 

Microchips will be implanted under ketamine (1 o mg/Kg; IM) sedation or local (lidocaine) 
anesthesia and are placed before the initial start of the study. If necessary a drop of 
surgical glue will be placed at the chip insertion site to ensure that the chip stays in place. 

Bone marrow collection will be made pre-euthanasia. It will be carried out under "Clean" 
and not "sterile" conditions. Animals will be euthani2ed after bone marrow collection before 
the animal ls allowed to recover from anesthesia. 

Bone marrow is expected to be a painful procedure. As such, the primates will be under 
general anesthesia at the time of marrow cell harvesting. NHPs will be sedated with 
1 Omg/Kg ketamine IM 1n order to facilitate placement of an IV catheter, the animal is 
intubated and maintained on isoflurane at a surgical plane of anesthesia. Additional local 
anesthesia with lidocaine (approximately 1 ml) will be provided at the marrow harvesting 
site at the recommendation of the staff veterinarian. Bone marrow samplirng will be 
perlormed in the VSD under clean conditions and nrot aseptic conditions. 

V.4.1.2.2. Pre- and Post-procedural Provisions Animals will be assessed for signs of 
pain and distress by either the veterinary or research staff at least twice per day or morre 
often as needed according to VSDM SOP. Before procedures that require general 
anesthesia, NHPs will be fasted for 12 h prior to administration of anesthetic, However, 
terrninal bone marrow collection to be carried out in the protocol would not requ~re 12 h 
fasting. Clinical signs of acute radiation sickness can be treated with medications on the 
advice of a VSD veterinarian (e.g., acetaminophen, lmodium, lomoti l, bu1 not ibuprofen or 
drugs that may affect the immune system, or induce platelet aggregation). For any NHPs. 
that are not taking in sufficient food and/or water, additional foods can be offered to entice 
them t·o eat. In addition, NHP will be prior-acclimated to feeding syringes and sipper bottles 
to allow for the use of supplemental oral fluids if dehydration is. noted. Criteria for 
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euthanasia are listed in Section V.4.5. NHP will be assessed at least 2X daily and 
addiltional observational time point(s) will be added during cJitical phases of the animals 
undergofn,g procedures that are appropriate tor the study. 

V.4.1.2.3. Paralytics No paralytics will be used in this study. 

V.4.1.3. l.iterature Search for Alternatives to Paiinful or Distressful Procedures 
Bec~use the principle ~urfose of this stud~ is !D deter!11i.ne t~e PK/PD and .benefits on 
survival by treatment with ~b><4> .against rad1at1on~111duced mortality, there are no 
alternatives to irradiation. Supporting in'formalion such as the clin ical chemistry analyses, 
hematological analysis of the blood and bone marrow, bacterial studies, and nistopathology 
analyses of selected tissues will help identify the use.fulness or problems associated with 
the use ot(<6><4> las prophylactic/therapeutic agent in irradiated animals. 

V.4.1.3.1. Sources Searched Agricola, Pubmed, altweb 

V.4.1.3.2. Date of Search 05-20-201 4 

V.4.1.3.3. Period of Search Agricola (1974 .. preent), Pubmed (1946 .. present) ~ Artweb 

V4134K W d fS h ' ' . ey or so earc 
AOAICOLA f'ubl\lied 

Keywords 1974· Alt web 
present 1946--present 

Alternatives to painful procedures (radiaiion) 6 14493/389* 3 

~rimates¥bone marrow harvesting 4 608182"" 1 

r,adlation~{b)(4) primate () 2 0 
primate+blood draw 0 72"2*** 12 
orimate+oain 2 18058 11 
Thtombopoielin +l{DJ(4J I+ priftlate+paln 0 0 0 

*f rom radiation exposure [all methods] , *'Other animals, .. *Other animals only 

V.4.1 .3.5. Results o f Search: The search clearly demonstrated that' there are no 
alternatives or pain relief in literature that could be used in the present study. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: There are no 
alternativ,e pr,ocedures for irradiation because it is a unique stirtlulus/stre$s that cannot be· 
otherwise duplicated. Radiation itself does not cause pain or distress. Nevertheless, the 
sequelae of nausea, vomiting, and diarrhea causes pain and distress in humans in the 
early post-irradiation period, when high doses (8 Gy and above) are used. Although 
radiation does not induce pain, animals in these experiments might experience pain and 
distress prior to death because of hematological and gastrointestinal damage. 

Bacteria translocation from the alimentary canal may cause infections that result in 
discomfort 1either locally or systemically. Many opportunistic pathogenic bacteria have 
unusual or even unique virulent characteristics, but they have common attribll.ltes, inclU1ding 
binary multiplication and penetration of tissues, and cause common responses and disease 
process in animals, which cannot be mimicked readily by substitutes. The investigators 
and animal care staff will provide as much comfort and well=being to the animals as is 
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con~ist~nt with the scientific.integrit~ of the wmk pla~ . The pri~dple p~rpose.of th.esE! 
studies 1s to evaluate the efficacy o 6l<4> hn enhancrng survival of 1rrad1ated 
NHPs. As stated, bone marrow, peripheral blood, liver and kidney (liver and kidney analysis 
done b Jo_o_cLcbemJstry with the hematological studies) analyses will also be performed! 
aite (b)(

4l and G-CSF administration. Moribund animals will be euthanized in 
consultation with VSD veterinarian. 

We expect tha4(6H4> las well as G~CSF will provide some relief from pain and 
or discomfort due to the sequelae of irradiation by its protective effect and by the possibility 
that it will advance hematopoietic recovery in some or all of thefbl(4J !treated and 
irradiated iprlmates. Microchip implantation ts not considered a surgical procedlure. Bone 
marrow extraction is considered a surgical procedure. Pri-or to general anesthesia for all 
surgical procedures, all NHP will be fasted for 12~ 18 h, however, terminal bone marrow 
collection described in the protocol does not require 12-18 h fasting. 

V.4.2. Prolonged Restraint None 

V.4.3. Surgery 
V.4 .. 3.1. Pre-surgical Provisions: 

Microchip implantation is not considered a surgical procedure. Bone marrow extract ion 
is considered a surgical procedure. Since the bone marrow collection in this protocol will 
occur ,prior to euthanasia, fasting of animals 12-18 h prior to anesthesia will not be required. 

V.4.3.2. Procedute(s) NHPs may be sedated or given Ideal anesthesia for microchip 
implantation. The chips are manufactured by Bio Medic Data Systems, Inc (BMDS) and 
used to monitor body temperature. They come pre-loaded in a specially designed 
needle/syringe device. 

General Anesthesia: 
Animals are sedated using ketamine (1 Omg/Kg IM) and chips are inserted 

subcutaneously between the shoulder blades. Once the chip is deposited, the rneedle is 
withdrawn and the skin is pinched between 2 fingers for about 1 0-20 seconds to ensure 
that the chip itself (about the size of a grain of rice) does not dislodge through the puncture 
site. If a chip fails, a second chip will be inserted. If necessary a drop of surgical glue will be 
placed at the puncture site to ensure that the chip stays ln place. 

Local Anesthesia~ 

Animals will be restrained in a chair. A small patch of fur on the left or right Side of upper 
back may be shaved for microchip placement. Udocaine ointment may be applied to the 
area, a 5 min time lapse will be allowed for the Hdocaine to be eff ectfve and then a 
microchip will be inserted by a trocar. If necessary a drop of surgical glue will be placed at 
the ch ip insertion site to ensure the chip stays in place. 

Bone marrow collection. 
The method proposed for the marrow collection is adapted from those usedl by Fortman 

et at., {2001} and Kushida et al., (2002). 
• General anesthesia 
• 1Premedication~ketamine~5~ 15 mg/kg IM 
• Induction - 3·5% lsoflurane in 100% Oxygen by Mask 
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• Maintenance-1-3 % lsoflurane in 100% Oxygen by endotracheal tube or mask 
• Site of bone marrow sample: Iliac crest, trochanteric fossa of the femur, or proximal 

humerus. 
• Procedure: Animal will be positioned appropriately (dorsal or ventral, or lateral 

recumbency, depending on site). A sterile drape will be used to cover the site. 
• A Biospy or Aspirate sample will be collected as determined by the Pl. 
• Biopsy: A small 1-2 cm incision wil l be made in the skin at the site of bone marrow 

collection. A bone marrow biopsy needle will be advanced through the incision into the 
cortex of the bone. The stylet will be removed and the needle advanced 1-2 cm with 
gentle rotation and rocking of the needle. The needle is then retracted and advanced 
slightly before being gently removed from the bone. The included expeller is used to 
remove the sample from the needle and in to a cassette with a foam insert, if necessary, 
which is then put in 10% formalin for fixation and processing. 

• Aspirate: A small 1-2 cm incision will be made in the skin at the site of bone marrow 
collection. A bone marrow aspiration needle will be advanced through the incision into 
the cortex of the bone. The stylet is removed from ttie bone marrow needle. A 2-5 ml 
syringe will be used to aspirate 2-3 ml of bone marrow. 

V.4.3.3. Post-surgical Provisions NIA since animals after bone marrow collection will be 
euthanized. 

V.4.3.4. Location All surgical procedures will take place in the VSD surgical suite. 

V.4.3.5. Surgeon AFRRI VSD trained staff or veterinarian will perform implantation of 
microchip and the bone marrow collection . 

V.4.3.6. Multiple Major Survival Operative Procedures None 

V.4.3.6.1. Procedures 

V.4.3.6.2 Scientific Justification 

V.4.4. Animal Manipulations 

V.4.4.1. Injections Trained personnel will carry out Injections within the scope of VSD 
SOPs. 

Drug injection: The drug in sterile PBS will be freshly prepared from a liquid formulation 
of the drug on the day of injection. Depending on the drug concentration and dilution, drug 
injection volume may vary between 0.2 to 1.0 ml/animaVinjection. 

Needle: Drug will be administered in unanesthetized but restrained animals using 22-
25G needle. 

V.4.4.1.1. Pharmaceutical Grade Drugs: G-CSF is a pharmaceutical grade product and 
will be used in the study. It will be procured through USUHS pharmacy· (Neupogen® 
Filgrastim 300 mcg/1 ml), Amgen Inc., CA. The drug will be diluted in 5% dextrose and if 
required further diluted in PBS for sc injection. 
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V.4.4.1.2. Non-Pharmaceutical Grade Drugsli6R4
> 

1~b)(4) I ____________ ____. 
Steri le phosphaN:~~buffered saline will be used as the vehicle. An aliquot of the solution 

will be sent to Charl·es River Laboratories for endotoxin testing; a copy of the results will be 
sent to IACUC. At the same time, pH will be tested to ensure that it falls in the range 
stipulated by IACUC (pH 6-8). A 23-25G needle will be used to administer subcutaneous 
injections. 

V.4.4.2. Biosamples Chair restraint of NHPs tor the purpose-s of phlebotomies was 
previously discussed as a technique to obtain blood samples over a short period of time 
that would reduce stress to the animals. In place of this procedure, or in addilion to it, 
training may lbe provided to the NHPs such l hat they offer their limbs for the bloodi sampling 
procedure. 

Table 2: Blood collection; time·points and volumes 
Time of blood PK CBC Colony forming Total blood, 

draw (0.5 ml) {0.5 ml) Unit assay ml 
(CFU) 

(0.5 ml) 
-7d + + + 1.5 
-3d + 0.5 
-2d + + + 1.5 

day -1 
(Pre"TBI 
injection) 
Irradiation 
(DAY 0) 

Day 1 (post-TBI 
injection) 

Day2 + + + 1.5 
Dav 4 + + + 1.5 
Dav8 + + 4 1.5 

Day 10 + + + 1.5 
Dav 12 + + 1.0 
Day 14 + 0.5 
Dav16 + 0.5 
Dav 18 + 0.5 
Day20 + + + 1.5 
Dav22 + 0.5 
Day 24 + 0.5 
Day26 + 0.5 
Day28 + + + 1.5 
Day35 + + + 1.5 
Day49 + + 1.0 
Dav so + + 1.0 
Day 60 Bone marrow (terminal} 3.0 ml 
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V.4.4.3. Adjuvants NIA 

V.4.4.4. Monoclonal Antibody (MAb} Production NIA 

V.4.4.5. Arnimal Identification The animals are identified by indelible markings on their 
chest and/or leg. If the primate is not tattooed upon arrival, a VSO colony number will be 
asslgned and tattooed onto the chest. 

V.4.4.6. Behavioral Studies: None 

V.4.4.7. Other Procedures None 

VAA.B. Tissue Sharing Tissue sharing will be allowed with appropriate papenvork 
filed with the IACUC. 

V.4.4.9. Animal By-Products NIA 

V.4.5. Study Endpoint 
Many of the primates that are administeredl<5>t

4
> IG=CSF are expected to 

survive. However, vehicle-treated animals, may show 70% ±10% mortality. Moribund 
anima.ls wm be closely monitored and euthanized at the aavice of attending veterinarian to 
minimize exoessive pain. Moribundity will be used in place of mortality to relieve the animal 
from pain and distress. Euthanasia will be carried out when any one or more of the 
following signs of severe morbidity or moribundity are observed by AFRRI veterinari1ans 
and in consultation with the principal investigator (see below). Necropsies and 
histopathological analyses will be performed on all euthanized animals by the veterinary 
pathologist or pathology staff. The parameters to provide guidelines for moribundity have 
been described under istudy end-points' of 'General procedure' in the experimental design. 

Treatment withl<6>t4> land G-CSF may result in the survival of all irradiated 
animals, !based on higl1 level protection of mice from exposure to supra-lethal radiation 
dose and its potential to stimulate hematopoietlc recovery. Therefore, an fndpoint tor 
individual animals will be related to success or failure of treatment withll6><r I At 
the end of 60 days, bone marrow collection will be made and animals euthanized. 

Study endpoints: Experimental animals will be euthanized based on an assessment and in 
consultation with attending veterinarian. Moribund animals will be euthanized. Animals will 
be declared moribund in consultation with a veterinarian when generally in poor conditi:on 
and ·exhibiting one or more of the foUowing signs: 
1. Weight loss: loss of more than 20% body weight over a 3-day period when compared to, 

baseline weight. Normally animals will be weighed twice a week, however, U inappetence 
sets in lthen we will monitor weight on a daily basis. 
2. lnappetence: complete anorexia for 24 hours. This is defined as refusing reguilar foodl 

and all food enrichment items). 
3. Weakness/inability to obtain food or water: Inability to stand would be a criterion for 

euthanasia and wouijd not allow the animal to p.ersist in this state for 24 hours. 
4. Minimal or absence of response to stimuli (animal does not move when prodded), 

assuming the animalJ has recovered from anesthesia. 
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5. Core body temperature: below 35.9QC following a period of febrile neutropenia 
(S500x103 cells/µ!) by way of microchip will be done on a daily basis. 

6. Severe acute anemia: (<40 g/L hemoglobin, <13% hematocrit) 
7. Infection documented by blood culture (septicemia) and accompanied by severe 

systemic signs of illness. 
8. Other signs of severe organ system dysfunction with a poor prognosis as determined by 

a veterinarian that may need additional diagnostic tests: 
8.1 Respiratory: severe dyspnea, severe cyanosis. 
8.2 Gastrointestinal: severe vomiting or diarrhea, evisceration (immediate euthanasia 

required). NOTE: Transient vomiting and diarrhea are expected results of whole-body 
gamma irradiation. Therefore, as criteria for euthanasia, these symptoms should be 
severe and life-threatening per se, i.e., hemorrhagic diarrhea to the point of causing 
anemia as listed above or severe uncompensated dehydration. 

8.3 Urogenital: renal failure characterized by elevated BUN and creatinine. 
8.4 Neural: CNS depression, seizures, paralysis of one or more extremities. 
8.5 lntegumentary: Non-healing wounds, repeated self-trauma, severe skin infections, 

indicating severe organ system dysfunction with a poor prognosis. 

V.4.6. Euthanasia Animals will be euthanized according to current American Veterinary 
Medical Association (AVMA, 2013) guidelines. All animals will first be anesthetized with 
ketamine (IM, 10 mg/Kg). Animals will be euthanized with sodium pentobarbital (IV 100 
mg/kg). The animals will be euthanized only under the guidance and supervision of a staff 
veterinarian. After euthanasia solution has been administered, the animals will be 
examined by VSD veterinarian or technician to confirm death. A full body necropsy and 
histopathology analysis will be performed by a veterinary staff in consultation with a 
pathologist, after death has been confirmed. 

V.5. Veterinary Care Animal procedures performed at AFRRI will be in compliance with the 
Animal Welfare Act, the Guide for the Care and Use of Laboratory Animals. AFRRI facility 
is accredited by Association for Assessment and Accreditation of Laboratory of Animal 
Care (AAALAC) International. 

V.5.1. Husbandry Considerations NHPs will be housed according to IAW VSD SOPs. 

V.5.1.1. Study Room All animals will be assigned room(s) designated by VSD staff. 

V.5.1.2. Special Husbandry Routine and emergency veterinary medical care: Animals will 
be quarantined for 4-6 weeks on arrival and chair-trained during the quarantine period. 
Each animal will be observed twice daily for evidence of pain or distress. Body weights will 
be determined at least once prior to the start of the study and at periodical intervals or 
when chaired for blood collection. Body temperature will be determined using a microchip 
installed in animals. Temperature will be measured during blood collection schedule when 
the animals are chaired. Animals will be qualitatively assessed twice daily (a.m. and p.m.) 
for general behavioral status and food consumption. Additional observation points will be 
added based on recommendation from attending veterinarian and will depend on the health 
of experimental animals. Appropriate standard operating procedures will be followed by 
staff veterinarians in the event of pain or distress. 
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v .5.1.3. Exceptions NI A 

V.5.2. Veterinary Medical Care 
V.5.2.1. Routine Veterinary Medical Care All primates will be quarantined for 4~6 weeks 
prior to any experiment. Animals will be tested for TB. Also, note the requirements given 
under V.3.3.2 and V.3.3.3 above. 

,All NHPs will be observed at least twice per day by veterinary staff (IAW VSDM SOP 
2002, Animal Health Rounds). A veterinarian and a veterinary technician will provide 24 h 
emergency c~we to the animals if needed (JAW VSD SOPs). When animals become ill or 
debilita~ed, a veterinarian will be contacted immediately to assess the animal an.d provide 
adequate/'emergency care. If the animal becomes moribund, it will be euthanized according 
to current American Veterinary Medical Association (AVMA. 2013) guidelines. 

V,5,2,2. Emergency Veterinary Medical Care The on-call veterinary officer will be 
available via telephone 24 h daily. 

V.5.3. Environmental Enrichment 
V.5.3.1. Enrichment Strategy In these studies, all primates will receive regular enrichment 
(IAW VSDM SOPs). 

V.5.3.2. Enrichment Restrictions N/A 

VI. STUDY PERS·ONNEL QUALIFICATIONS AND TRAINING 

NAME I DEGREE I TRAINING I DATE PROCEDURES 
~0){0) 1 with NIHP handling 

only 

Basic iraining 
1, 3. 5 

1 (handlfng only), 3b 
1 lhandlina onM 

1, 2, 3;4 

1,2,3.4,5. 7(gavage,& 

Mandibular bleeds) 
1·5 
Basie training 

t"'roceGure ano marn u1at100 cuues: p 
Code i = ~nilllal handling alid euthanasia 
Code 2= '.Surgery (aseptic technique) pre· and posl -operative care 
Cod& 3• Injections j3a-lp. 3b·sc, 3c·gavage) • can say 3 if trained in all mani.pula!ions or add 3d·iv 
Code 4= !Blood collection under anesthesia (4a·cardiac, 4b·pos:terior vena cava) 
Code 5a Tissue co11ection !alter euthanasia) · doesn't need to be specific 
GOde 6 • lmplanlation (provide details) 

YRS/MOS 
.:~SC?ERIENCE 

(0)(6) 

Code 7 = Others - (provide proiocol specific manipulations or procedures for e.g., retro·ort:Jftal bleeding, tail vein injec1ion, or drug 
delivery) 

In-protocol training of personnel: The presence of two trained vet techs in the protocol 
allows for an opportunity to train other staff including Pl with procedures such as pole and 
collar, injections, blood draw on sedated animals and blood draw on physically restrained 
animals. For this purpose either narve or experimentally used animals may be used. The 
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training wll l be certified by VSD staff {responsible for training) as welll as approved by 
auendlng veterinarian. 

VII. BIOHAZAAOS/SAFETY N/A 
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X. A:SSURANCE.S 

Protocol Title: Radiation countermeasure studies usingl,_<6_lt4_i ____ _,~nd G=CSF in 
Nonhuman Primates (Macaca mulatta) 

As the Principal lnve$tigator on this protocol, I acknowledge my responsibilities and provide assurances 
for the following: 

A. Animal Use: The animals authorized 1or use in this protocol will be used only in the activities andl in 
the manner described herein, unless a modification ls specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance~ I assure that I have consulted with a qualified individual who evaluated the 
experimental design with respect to the statistical analysis, and that the minimum number of' arnimals needed 
f,or scientific validity will be used. 

0. Biohazard I Safety: I nave taken into consideration and made the proper coordinations regarding all 
applicable rules and regulations concerning radiation protection, biosafety, recombinant Issues, and so forth, 
in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I observations 
described 1n this protocol are technically competent and have been properly trained to ensure that no 
unnecessary pain or distress will be caused to the animals as a result of the procedures t manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations assacia!ed 
with the performance of this animal use protocol, and I assure that all individuals associated wifh this ptoject 
will demonstrate a concern for the health, comfort, welfare, and well-being of the research animals. 
Additionally, I pledge to conduct this study in the spirit of the fourth "R'', namely. ''Responsibility," which the 
DOD has embtaceo for implementing animal use alternatives where feasible and conducting humane and 
lawful research. 

G. Sc'ientific Review: This proposed animal use protocol has received appropriate peer scientific review 
and is consistent wiih good scientific research ptactice. 

H. Painful Procedure(s); 11 A~ ~ AM NOT conducting biomedical experiments, which rnay potentially 
Gause E3. · · · · · · omentary or s 1g - pain or distress to animals. If applicable. potential pain and/or distress 
Wllll. / 11.l NOT be relieved with the use of anesthetics, analgesics andior tranquilizers. I have considered 
allema procedures; however. I have determined that alternative procedures are not availabl!e to 
accomplish the objectives of this proposed experiment. 

l(b)(6) 

Principal !Investigator (Printed Name} Principal Investigator (Signature) 
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fb><s> I 
VI. STATIST1ICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures ~hal the number of animals used is appropriate to obtain sut<icient data and/or is not excessive. 
and the statistical design is appropriate tor the intent of the study 

I ~tb_>w_1 __________ __,IPhD Date 
Statistician,,,...,,,.... __ _ 
re1eehoneJtb><6> I Faxrl<6> 

1(6)(6) 

VU. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more tij,an slight or momentary pain or distress, even if relieved by anesthetics or analgesics . 

._,_-.,.....,----:----'I DVM, L TC, VC, USA 
Sc·ienoes Department, AFRAI 

~~-__., ____ ....... Faxl(b)(6) I 
Date 

VIII. SAF1ETY OFFICER: This· antrnal use protocol received appropriate review for safety and 
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f6)(6) ~, 
Date 

Environmental Health an.d Saietv Department, USUHS 
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fb>r6> I 
IX. IACUC AfPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on ____ _ 

(Date) 
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PROTOCOL TITLE~ Evaluation of CDX-~30 1 as a radiation countermeasure in the 
laboratory mouse (Mus musculus); effects of neutrons, high and low dose rate gamma 
photons 

PRINCIPAL INVESTIGATOR: Ct>l<
5

> PhO Research Biolo~ist, 
Radiation Countermeasures. Scientific Research Dept. tel axt(b)< > 

1(6){6) J email:fbX6t I 

CO-INVESTIGATOR(~):{'.b~(a) I PhD, s..,..c...,,ie.,...n..;_tis;;..;..t .... (b-( _i ....i.....Rad iao:;,;t;,.o;io~n-__ _ 
Countermeasures. Scientific Research Dept. tel: fax f6lC6) 
ernaill(b)(e) I '-------' 

AFRRI SCIENT1IFIC RESEARCH PROTOCOL NUMBER:IL...(b)_l61 ____ ___. 

I. NON-TECHNICAL SYNOPSIS There is a pressing need for drugs to prevent ionizing 
radiation injury, for use in the field by military personnel, emergency responders and by 
the civilian population in harm's way. Radiation damages blood-forming tissues. 
resulting in mortality due to infection and hemorrhage (hematopoielic syndrome}. The 
vast majority of stuaies on the acute radiation syndrome (AAS} and countermeasure 
efficacy have been performed using photon irradiation (gamma and x-rays}. However, 
historical data from Hiroshima and Nagasaki, as well as the potential use of radiation 
dispersal devices underscore the need to understand the impact of radiation containing 
mixed neutrons and gamma photons, hereby called mixed fields (MF). Neutrons have 
different mechanisms of injury to cells and tissues compared to photons, with a higher 
relative biological effectiveness (RBE). Therefore, countermeasure efficacy may be 
difierent between gamma and mixed field exposures. depending on the mechanisms of 
action of the countermeasure. The present work will confirm and extend preliminary 
studies with CDX-301, a promising radiation countermeasure. Preliminary studies 
performed at AFRRI in CD2F1 mice demonstrated the efficacy of CDX-301 as a 
significant radiation prophylactic agent with 91-100% of mice administered a single dose 
of CDX-301 24 h prior to total body irradiation Further, CDX-301 demonstrated efficacy 
as a radiation mitigant; when administered at a single dose to CD2F1 mice 4 after TBI, 
CDX-301 improved 30·day survival by 25-33% compared to vehicle-treated group. The 
proposed studies will: 
1 ). a. generate dose response curves for radiation dose versus mortality for two 
qualities of total body irradiation in mice: 2:1 neutron/gamma and pure gamma, b. 
optimize dosing schedule for CDX·301 under both mixed 2:1 neutron/gamma field and 
pure gamma, and c_. determine dose reduction factor (ORF) for CDX-301 with mixed 
neutron/gamma field. A ORF is the estimate of the relative degree of efficacy of a 
radiation countermeasure, based on a shift of the radiation-mortality dose-response 
curve to the right and is expressed as a ratio between vehicle and drug response at a 
dose of radiation that causes 50% mortality in both groups. OAF helps to compare 
various drug responses under standard conditions. 
2) evaluate the effects of pure gamma and mixed neutron/gamma fields, with and 
without treatment with COX-301, on core hematological parameters known to affect 
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recovery during the hematopoietic syndrome, such as numbers of circulati ng blood 
elements, numbers of blood progenitors in bone marrow, numbers of immune cells in 
spleen, liver and lungs, and concentrations of cytokines (hematological and immune 
system hormones) in blood. 
3) Irradiate mice at a low dose rate with gamma photons to simulate radiation fall out 
conditions and measure the effect of CDX-301 on the above mentioned hematological 
parameters, as well as ONA damage and reactive oxygen species effects in tissues. 
The survival is expected to be 100°/o in low dose rate studies. 

II. BACKGROUND 

11 .1. sackgr·ound The risk of exposure to ionizing radiation from war, terrorism or 
nuclear accidents is thought to be increasing (1-3). A nuclear detonation in am urban 
environment coll id result in hundreds of thousands of casualties. These casu1alties 
would include a large proportion of people who would experience Acute Radiation 
Syndrome (ARS) from being exposed either to a mixture of neutrons and gamma rays 
initially, or to gamma rays from cutaneous fallout. In light of these facts r it would be 
extremely helpful to have safe and effective radiation countermeasures for treatment of 
casualties after exposure (4-7). Although radiation countermeasures generally have 
been stud ied in subjects exposed to pure photons (gamma- or X-rays), the mechanisms 
of injury of these low linear energy transfer (LET) rad iations di1fer lrom those of high 
LET radiation_s __ u __ cb_as_o_e_u_trnn_s and __ tb._e_s_e~diHerenc s ma aifecLco_u..o..teJm_e_a __ s_u_r_e 
efficac 

n contrast, pre 1m1nary stu 1es at sugge·!:;t 
-301 is e ect1ve against exposure to both MF and pure gamma~irradfation. 

CDX-301 is the soluble recombinant human protein form of the Fms-related tyrosine 
kinase 3 ligand (Flt3L), a nematopoietic cytokine (10). It is expressed on multiple cell 
types in both soluble and membrane forms, and interacts with a receptor found on 
hematopoietic stem cells (HSC), early progenitor cells, and immature thymocytes, 
resulting in the proliferation, differentiation, development and mobilization of these cefls 
in lthe bone marrow, peripheral blood, and lymphoid organs. CDX-301 represents the 
153 N-terminal amino acids of the human Flt3L extracellular domain after the cleavage 
of the N-terminal signal peptide (Figure 1 ). 
It is a clear, colorless liquid soluble in saline with a Hof 7.0. It has been roduced by 
Celldex Therapeutics, Inc. (Needham. MA; ~ l under GMP 
conditions and with GLP toxicology studies. here is no etect1: e en-- otoxin or 
mycoplasma contamination. CDX-301 mobilized hematopoietic stem and progenitor 
cells (HSPC) in a Phase 1 Clinical Program leading1 towards the treatment of cancer 
patients requiring hematopoietic stem cell transplantation (HSCT) (11 ). 
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Celldex Therapeutics, Inc. 

Figure 1 

!Early studies in the C5781/GJ model demonstrated significant improvement in 
survival (40% with vehicle vs 100°/o with CDX-301) when mice irradiated at 7.76 Gy 
were treated with CDX-301 (25 µg) for 1 o days (days -1 0 1 ? 3 A---5 6 7. 8\ 
(personal communication, Celldex Therapeutics lnc.)ll0>l4) 

l(DJ~4) 

l(b)(4) I The proposed study builds on the 
reported and ongoing studies using CDX-301. Three main goals (specific aims) are; 
a. optimize drug response in MF, 
b. conduct parallel studies in Cobalt 60, 
c. characterize drug response in animals exposed to prolonged low dose rate gamma 
radiation. 
Mechanistic studies (tissue response) will be another focus in all these experiments. 

11.2. Literature Search for Duplication 

11.2.1. Uteratute Sources Searched BRO, NIH Reporter, PubMed 

11.2.2. Date of Search May 8, 2014 

11.2.3. Period of Search All available years: 
BRD: FY2005·FY2009 
NIH Reporter: 1988-2013 (Projects and Publications) 
PubMed: includes MEDLINE (1966-present) and OLDMEDLINE (1950-1965). 

11.2.4. Key Words of Search neutron, gamma, ionizing radiation, Flt3 ligand, COX-301, 
cytokine, protracted radiation, chronic radiation, low dose rate 

11.2.5. Results of Search BRO: There were no results from : CDX-301, Flt3 ligand, Flf3 
ligand + ionizing radiation. Flt3 ligand + gamma, Flt3 ligand + neutron, Flt3 ligand + 
protracted radiation. Flt3 ligand + chronic radiation, Flt3 ligand + low dose rate. When 
the search was generalized to cytokines, the following results were obtained: 

1. Cylokine + ionizing radiation = 4 hits; consisted of AFARI work on 5-Androsler.ediol {5AED) afid 
work on herpes virus therapy 

2. Cytokine + radiation = 11 hits: consisted of AFRAI work on 5AED and work on herpes virus 
therapy. 

3. Cytoklne +gamma = 3 hits; consisted of AFRRI wort< on 5AED and work on herpes virus therapy 
4. Cytokine + neutron = 0 hits 
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5. Cytokine + protracted radiation = 0 hits 
6. Cytokine + chronic radiation = O hits 
7. cytokine + low dose rate = 0 hits 

NIH Reporter: 1990-present 
1. CDX-301 = 2 hils; CDX-301 and Plerixafor Combination in Stem Cell Mobilization for 

Transplantation 
2. Flt3 ligand +ionizing radiation= 2 hits; consisted of work on pleitrophin and epidermal growth factor 
3. Flt3 ligand + radiation = 33 hits; consisted of work on pleitrophin and epidermal growth factor; Flt3 

ligand as a therapeutic against glioblastoma and acute myeloid leukemia. The closest body of 
work consisted of the use of Flt3 ligand as an immunoprotectant against ARS in a dog model. 

4. Flt3 ligand + gamma = 34 hits. Of these only one referred to the use of Flt3 ligand as a 
radioprotectant against gamma photons, and this was in a dog model. Other references included 
immune cell studies, structure/function studies, Flt3 ligand as a therapeutic against chlamydia 
trachomatis, and Flt3 ligand in various cancer models. 

5. Flt3 ligand + gamma radiation = 10 hits. These consisted of the use of Flt3 ligand and other 
cytokines as a radioprotectant in a dog model. 

6. Flt3 ligand + neutron = 5 hits. These were structural studies were neutrons were discussed in the 
context of X-ray crystallography. 

7. Flt3 ligand + neutron radiation = 5 hits. These were identical to those found in the Flt3 ligand + 
neutron search. 

8. Flt3 ligand + protracted radiation = 0 hits 
9. Flt3 ligand+ chronic radiation= 4 hits. These consisted of treatments of the elderly with Flt3 ligand 

for acute myeloid leukemia (AML). 
10. Flt3 ligand + low dose rate= 0 hits 

Note: We did not use the generalized term cytokine in this search because the specific 
cytokine of interest, Flt3 ligand, produced results. 

Pubmed: 
1. CDX-301 = 0 hits 
2. Flt3 ligand+ ionizing radiation= 13 hits. These include Flt3 ligand as a biomarker, therapeutic against 

UV and gamma radiation (alone and in combination), role in stem cell expansion. These studies all use 
the full length form of Flt3 ligand. Our studies use the truncated form of Flt3 ligand, CDX-301. 

3. Flt3 ligand+ radiation = 73 hits. These include Flt3 ligand as a biomarker, as a therapeutic against 
radiation using in vitro and in vivo methods, effect of Flt3 ligand on bone marrow and hematopoietic 
recovery. These studies use the full length form of Fll3 ligand. Our studies use the truncated form of 
Fl3 ligand, CDX-301. 

4. Flt3 ligand + gamma radiation = 12 hits. These ~nclude previously described studies as well as the 
effects of Flt3 ligand on tumor models. Note: Flt3 ligand+ gamma alone yielded 140 hits but this 
search was too broad. It included correlations with Flt3 ligand and interferon gamma as well as immune 
cell development via interactions with receptor gamma chains for specific cytokines. 

5. Flt3 ligand + neutron = 0 hits 
6. Flt3 ligand + neutron radiation = O hits 
7. 7. Flt3 ligand+ protracted radiation= 1 hit. This described the use of Flt3 ligand as a rapid and simple 

method of triage, using human data from a radiation accident. 
8. Flt3 ligand + chronic radiation = 1 hit. This described the use of serum Flt3 ligand as a biomarker alter 

chronic ingestion of radiation in a mouse model. 
9. Flt3 ligand+ low dose rate= 4 hits. 

Note: These describe Flt3 ligand involvement in tumor models, either in human or 
mouse studies. 

Ill. OBJECTIVE I HYPOTHESIS The objective of this protocol is to develop CDX-301 
as a countermeasure against gamma radiation and mixed neutron (MF)/gamma
radiation. This work involves optimizing CDX-301 administration (concentration and 
time of injection), as well investigating the effects on hematopoietic cells and tissues. In 
addition, our work will address the feasibility of CDX-301 as a countermeasure against 
prolonged exposure to gamma irradiation and address potential mechanisms of 
protection. 
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IV. MILITARY RELEVANCE Work performed under this protocol would directly affect 
the military response to a nuclear detonation. Development of CDX-301 as a 
countermeasure would provide radiation protection to first responders, those in zones of 
high danger where prompt radiation exposure would consist of neutrons and photons, 
as well as those exposed during radiation fallout. It is essential to understand the 
efficacy of this agent in these different scenarios, with the ultimate goal of making a 
responsible recommendation to our military personnel and the civilian population. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 
Male CD2F1 mice will be used in all experiments. Irradiations in the AFRRI reactor 

and Cobalt-60 facility will be performed according to previously published methods, 
following AFRRI standard operating procedures (12-16). Irradiations in the Low Level 
facility will be performed in collaboration with AFRRI dosimetrists and based on 
consultation with AFRRI VSD. Mice irradiated in the reactor will be inserted into 
aluminum holders and placed onto a carousel that rotates the mice within the exposure 
beam to ensure uniform exposures to all subjects. Mice irradiated at the Cobalt-60 
facility will be placed into well-ventilated Plexiglas boxes and irradiated bilaterally. Mice 
irradiated in the Low Level Cobalt facility will be housed in modified cages (3 
animals/cage) approved for long-term housing. Food and water will be available ad 
libitum. Temperature, humidity, and standard 12 h light/dark cycles will be maintained 
during chronic exposure. Sham-irradiated mice will undergo the same procedures as 
the irradiated mice (transport to radiation facility, placement into aluminum cylinder, 
Plexiglas box, or modified cages), minus the radiation exposure. In the reactor, non
neutron components of the exposure are controlled by shielding outside of the reactor 
core area within the exposure room. All reactor-irradiated mice, their tissues, and their 
bedding will be considered radioactive unless declared otherwise as a result of 
environmental Health Services (EHS) surveys. 
V. 1. 1. Experiment 1 Drug dose and schedule optimization studies with CDX-301 
as measured by 30 day post-irradiation survival 

Two concentrations of CDX-301 (400 µg/kg and 800 µg/kg) will be administered by 
subcutaneous (SC) injection using 25-30 gauge needles (17) at 0.1 ml/injection site. A 
400 µg/kg dose of CDX-301 protected mice against MF radiation, and 800 µg/kg 
provided protection against gamma-radiation. Because of these results, both doses 
were selected for Experiment 1 . Six drug dosing schedules at times between -24 h and 
+48 h after radiation will be studied using both radiation sources and qualities. Table 1 
summarizes animal numbers. Animals will be monitored for 30 days for survival. 

Table 1: Animal requirements for experiment 1 (30 day survival study) 

3 sc drug doses: 0 (sterile saline vehicle), 400, or 800 ua/kg 
6 drug schedules: Schedule1: pre-irradiation (-24 h) 

Schedules 2-5: post-irradiation: +4 h; + 12 h; +4 and +48 h; + 12 and +48 h 
Schedule 6: pre-, and post-irradiation -24 h, and +48 h 

1 radiation dose: LD70/30* 
2 radiation qualities: MF (2:1 neutron:qamma); pure qamma 
Mice/Group: 24 
Iterations: 2 
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I Total# of animals I 1728 
•5 . 7 l Gy MF and 9 .2 Gy gamma radiation 

3 drug groups (0, 400. 800 µglkg} x 6 drug administration schedules x 1 radiation dose x 
2 radiation qualities (MF and gamma) x 24 animals/group x 2 iterations = 1728 mice 

V. 1. 2. Experiment 2 Determine the ORF of CDX-301 on MF-irradiated mice 
Five radiation doses will be chosen to establish probit curves ranging from near 5% 

mortality to near 95% mortality with CDX-301 administration. Table 2 summarizes 
animal numbers. The endpoint will be 30-day survival. (Note: ORF studies with Cobalt 
60 gamma radiation will not be done since this has been completed i<bX!l) 

p5>cs> I '-------..... 

Table 2: Animal requirements for exf:2erirnent 2 (DRF, only for MF, 30 dav survival} 
5 radlatlM dosos 4.0 4.5. 5.0, 5 5. 6.0 Gy 

2 sc drug ·doses o (sterile saline vehicle) , optimal concentration \See Table 1) 

2 drug schedules -24 h before radiation: opiimal dosing schedule given afler radiation (See Tabie 1) 

1 radiation quality MF (2:1 neutron:gamma) 

Mice.I group 16 

Iterations 1 

Total # of animals 320 

5 radiation dose x 2 drug doses (vehicle, drug) x 2 drug administration schedules (pre
and post-irradiation) x 1 radiation quality (MF) x 16 animals/group x 1 iteration = 320 

V. 1. 3. Experiment 3 Conduct hematopoietic and functional studies 
Determine the effect of CDX-301, administered after a sublethal dose of MF 

or gamma-irradiation on hematopoietic cells in circulation, circulating cytokine levels, 
bone marrow callularity, morphology, and function , and hamatopoietic calls populations 
and function from spleen. lung, and liver. 

Mice will be exposed to a sublethal dose of gamma or MF radiation appropriate for 
hemat·opoietic syndrome hematology studies where measurable numbers~d 
elements are desired throughout the experiment (3 Gy MF; 7 Gy gamma)~ Using 
a sublethal dose makes it possible to carry out a time course of hematological 
parameters undistorted by data censoring due to mortality, and to allow a sufficient 
number ,of surviving cells for analysis during the first two weeks. Previous experiments 
have shown that detection of radioactivity is below background in 24 h or less in mice 
administered a 3 Gy dose of MF in the AFRRI TRIGA. This allows samples to be 
collected at day + 1 after MF radiatiort Sublethally-irradiated mice, or non- irradiated 
controls, will be treated with COX-301 at the optimal concentration and administration 
schedule (determined in Experiment 1 ). Blood for CBC/diff and cytokine studies, femurs 
for GM-CFC studies, and sple.en, lung, a~d liver for analysis of ce?!il o ula_tions w!ll all . 
be collec1ed from the same mice, according to standard protocols Bnefly. mice will 
be anaesthetized using lsoflurane at days 1, 3, 7, and 14 after ra 1at1on (20 
mice/timepoint) and blood wil l be collected by cardiac puncture. An optimal volume of 
collection will be 1.0 ml, which will be divided into tubes for CBC/diff and serum 
collection. Removal of this volume of blood is exsanguination and will be done only on 
anesthetized mice (18). Mice will be euthanized humanely by cervical disrocation after 
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blood collection. Both femurs will be dissected from the adhering tissues and Hushed 
with sterile IMDM to obtain bone marrow single cell suspension. Spleen, lung, and live~ 
will be removed and placed on ice in sterile dishes containing appropriate media. The 
day of irradiation i-s considered day 0. Table 3 summarizes animal numbers. Please 
note thalt only one optimum drug dose post-irradiation will be used i,n the study. 

Talble 3: Animal reauirements for ~xoeriment 3 (hematology) 
2 sc drug doses 0 (sterile saline vehicle), optimal drug concentration (denermined in 

Expi. 1) 
1 drug schedule optimal dosing schedule (post-irradiation) (determined in Expt. 1) 
2 radialtion doses sublethal dose (0 and 3 Gy MF; O and 7 Gy gamma) 
.2 radiatt ion qualities MF ~ 2:1 neutron:gamma) and pure gamma 
Mice/Group 20 
4 collection time points + 1, +3, + 7, + 14 day after radiation 
l~erations 2 

Total# animals 1280 
2 drug doses (vehicle, elrug} x 1 drug administration schedule (post-irradiation) x 2 
radiation doses x 2 radiation qualities (Ml= and gamma) x 4 time points x 20 
animals/group x 2 iterations== 1280 

v. 1. 4. Experimen1 4: Low dose Cobalt 60 studies 
NOTE: The proposed studies will not be performed without a feasibility study 
and detailed SOP, followed by an approved IACUC Amendment. Experimental 
details are for informational purposes. 

Determine the effect of CDX-301, administered sc after chronic total body gamma
irradiation given at a low dose rate, on circulating blood cells, cells within blood forming 
tissues, circulating cytokines, and markers of oxidative stress in serum. 

Facility: AFRRI Low Dose Cobalt facility is unique and will allow housing both animafs to 
be irradiated (on a protracted basis) as well as appropriate controls in a shielded area 
bu't subjected to the same housing conditions. Tt1e macroenvironment will include a 
temperature range of 20·26°C (68-79°F), 30-70% relative humidity, and a 12 hour 
light/dark cycle as spelled out in The Guide. Radiation Safety personnel are om calll 241 h 
in the Low Dos1e Facility, and the room is monitored by a camera which can be 
visualized outside the exposure area. Prior to performing any animal experiments, a 
feasibility study will be performed where the room itself will be monitored for 72 h to 
ensure proper environmental conditions (temperature, humidity, lighting}. This wiH also 
involve testing the capability of the facility's current camera, to determine the level of 
monitoring that can be accomplished on camera. The results of this preliminary 
experiment (without animals) will be provided to IACUC for review. An SOP will be 
written based on this feasibil ity study. Upon completion of the feasibility study as 
suggested by AFRRI veterinary staff, an initial test experiment wifl be performed using 2 
cages (6 mice) to monitor mice in the facility under non:irradiated conditiorns as well as 
irradiated conditions at i he lowesl dose for the study (3 Gy). Mice will be housed during 
irradiation (for extended [period-initially 48 ± 4 h) in well-ventilated cages made 
specifically for chronic mouse irradiation (Appendix 1 ). Each cage hofds 3 mice; each 
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animal compartmentalized in a space of 15 in2 with food and water freely available in 
each compartment of the cage. Non-irradiated control mice will be housed in the Low 
Level facility in a shielded area to protect mice from radiation. These animals will be 
transferred to these specialized cages in the vivarium for a minimum of 72 h before 
being transported to the Low Dose Cobalt facility for radiation or sham exposure to 
allow acclimatization. During the acclimatization period we will monitor environmental 
enrichment, particularly nestlet size, to determine if further adjustments are necessary. 
Irradiation: CD2F1 male mice will be subjected to irradiation doses up to 7 Gy at a low 
dose rate, which will be determined by the Operational Dosimetry Division prior to the 
commencement of animal exposure (total dose being delivered over 48 ± 4 h). This 
includes 48 h of radiation exposure and additional time (up to 4 h) that it may take to 
pause radiation and enter the facility for monitoring and husbandry. The objective of 
this experiment is chronic radiation exposure, so the "pause" time will be kept minimal. 
Investigators will temporarily pause the radiation once daily to monitor the mice. This 
includes replenishing food and water, and closely monitoring the animals for injury 
related or non-related to radiation. In addition, investigators will request that the 
radiation be temporarily paused to enter the exposure room if additional monitoring is 
required. 
Drug Administration: CDX-301 will be administered at the optimal concentration 
determined in Experiment 1, 24 h before radiation and at the optimal dosing schedule 
determined in Experiment 1. If the optimal injection schedule coincides with the length 
of time that mice will be irradiated (i.e. time less than or equal to 48 h), a portable 
procedure hood will be transported to the facility, radiation paused, and injections 
administered in the Low Level facility as opposed to transporting animals back to VSD. 
Table 4 summarizes animal numbers. At the end of the radiation period blood will be 
removed by cardiac puncture from isoflurane anesthetized mice, and after death is 
confirmed by cervical dislocation, femurs and organs (lung, liver, and spleen) will be 
removed from these mice as in the previous experiment (Experiment 3), as well as 
organs for fixation and possible histopathology, (femurs, trachea, thymus, esophagus, 
lungs, heart, liver, spleen, kidney, stomach, pancreas, small Intestine, cecum, colon, 
urinary bladder, reproductive organs, endocrine organs, head). Blood and tissue 
harvest will be 1, 2, 4, 7, 10, 14, 21, 28, 35 and 42 dafter completion of the irradiation. 

Table 4: Projected animal requirements for experiment 4 (Low Dose Gamma Radiation 
Facility)* 

NOTE: This is not included in V.4.1.1.1. Number of Animals or V.4.1.1.1.4. Pain 
Category Assignments 

4 radiation doses 0, 3, 5, 7 Gy 
2 sc drug doses 0 (sterile saline vehicle), optimal concentration 

2 drug schedules -24 h before radiation; optimal schedule after radiation 

1 radiation quality Gamma 

Mice/timepoint 5 

10 time points 1, 2. 4, 7, 10. 14, 21, 28, 35, 42 dafter radiation 

Iterations 1 

Trial mice 6 (3 irradiated + 3 non-irradiated) 
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I Total #of animals required I 6" (approved in this protocol) 

*Low dose radiation is not expected to lead to lethality and hence should be considered as "hematology" 

4 radiation doses x 2 drug doses (vehicle, drug) x 2 drug administration schedule (pre 
and post irradiation) x 1 radiation quality (gamma) x 10 time points x 5 animals/group x 
1 iteration - 800 1 6 trial mice, total - 806 (see Note in the beginning of this section). 

V.2. Data Analysis 
Means with standard errors, or percentages, will be reported if applicable. The 

significance level will be set at 5% for each test. All statistical tests will be two-sided. 
Multiple comparison tests will be used when appropriate. Drugs will be compared to 
vehicle injections, and irradiation will be compare to sham irradiation where appropriate. 
Statistical software, PC SAS, will be used for statistical analyses. 

Experiment 1, 2: Log-rank tests will be used ln comparing survival curves for each 
experiment. Fisher's exact tests will be used for comparisons of percent survival among 
groups. If those are significant, pair-wise comparisons will be done by Fisher's exact 
tests 
Experiment 3: Probit analysis will be used. The ORF will be calculated as the ratio of the 
radiation LD50/30 for drug-treated and vehicle-treated groups; standard errors and 95% 
confidence intervals will be derived. 
Experiment 4: Analysis of variance (ANOVA) will be used to detect significant 
differences among groups. lf significant, then Tukey-Kramer pair-wise comparisons will 
be used to identify which groups are different f ram each other. These experiments 
involve multiple time points, and since the parameters are being followed over a period 
of time, in consultation with statistician, 5 animals/time point has been included in the 
protocol. 

Note on requirement to repeat some experiments: It is a generally accepted principle 
of the scientific method that results must be repeated to evaluate a hypothesis. 
Scientific journals (e.g., Endocrinology) state that experiments must be repeated to 
qualify for publication. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered We considered computer models and 
tissue culture as alternatives to animals. Both alternatives lack the knowledge base and 
complexity needed to evaluate the effects of radiation and countermeasures on the 
hematological and immune systems. The phenomena under study Involve complex 
information-processing networks comprising hundreds of cell types and blological 
signaling molecules. Responses to irradiation and drugs involve interactions between 
the central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
organs, etc. We do not know all of the cell types and tissues involved and many of the 
signaling molecules have not been discovered yet. Even if all of the tissues, cell types 
and signaling molecules were known, the present state of the art of tissue culture would 
be incapable of reproducing the in vivo relationships. One would have to reproduce 
much of an entire mammalian organism in culture to study these phenomena in vitro, a 
scenario that would have its own ethical issues. As for computer models, the most 
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powerful supercomputers available in the foreseeable future would be incapable of 
analyzing interactions between so many elements in the network. Drugs and 
formulations will have to be evaluated as countermeasures in whole animal models. The 
purpose of the proposed research is to prove the efficacy of a countermeasure, as well 
as to begin to identify the cells and signaling molecules necessary to construct a model 
of radiation injury and countermeasure mechanisms. 

V.3.2. Animal Model and Species Justification Evaluation of countermeasures in the 
animal model is the only option for identifying potential safe and efficacious 
countermeasures. The murine model is the most well-defined immunological animal 
model for this type of research. In addition, this model is preferred over other species 
due to readily available immunological reagents. Mice have significant hematological 
and immunological similarity to higher animals and humans. AFRRI staff has had 
extensive experience with mice, including male CD2F1 mice, in radiation injury and 
countermeasure research. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species: Mice (Mus musculus) 

V.3.3.2. Strain I Stock: CD2F1 

V.3.3.3. Source I Vendor: VSD approved multiple vendors. 

V.3.3.4. Age: 10-14 weeks 

V.3.3.5. Weight: 24-32 g 

V.3.3.6. Sex: male 

V.3.3.7. Special Considerations: The vendor's animal husbandry, breeding, and 
shipping practices will be in accordance with the Animal Welfare Act P.L. 89M544 and 
The "Guide" for the Care and Use of Laboratory Animals. 

The animals must be adventitious disease free. All animals should be raised with 
restricted access and strict entry and exit policy in caging that reduces the exposure to 
pathogens such as in barrier condition, microisolation caging or isolators. They must be 
free of pathological lesions as assessed by gross exam. 

Health surveillance monitoring must be performed regularly on the colonies and 
verified by an outside source. Health Surveillance reports should be sent with the 
animal shipments and must be current as well as accurate. 

The mice must be pathogen-free, specifically for the following agents: 
Pseudomonas aeruginosa, Proteus morgani and Pasteurella. In addition, all mice need 
to be free of the tallowing viral agents: Sendai, Pneumonia Virus of Mice (PVM), 
Reovirus-3 (Reo 3), Mouse Adenovirus (MAD-1, MAD-2), Mouse Cytomegalovirus Virus 
(MCMV), Ectromelia, K virus, Lymphocytic Choriomeningitis Virus (LCM), Epizootic 
Diarrhea of Infant Mice (EDIM), Hantaan virus, Rotavirus, Mouse Parvovirus (MPV), 
Polyoma Virus, Mouse Minute Virus (MMV), Mouse Thymic Virus (MTV), Theiler's 
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Mouse Encephalomyelitis Virus (TMEV/GDVll), Encephalitozoon cuniculi, CAR bacillus, 
Mycoplasma pulmonis, and Clostridium piliforme. Endoparasite- and ectoparasite-free. 

Genetic monitoring should be used to detect possible contamination and policies 
and procedures must be in place to reduce genetic drift. 

Mice used in chronic radiation experiment (Expt 4) will be housed 3 per cage in 
special compartmentalized cages constructed specifically for the AFRRI Low Level 
Cobalt facility (please see the design attached as an enclosure to the protocol). Each 
compartment is 15 in2, in accordance with AALAS regulations on space/animal and The 
Guide (48). Each compartment will contain standard bedding and free access to food 
and water. 

V.3.4. Number of Animals Required (by species) Mice "" 3334 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement In the mortality studies, in order to minimize discomfort when 
animals become morbid, investigators and animal care staff will examine the mice at 
least twice daily, including early morning and late afternoon with increased frequency of 
observations when animals are in the critical phase. Moribund animals will be 
considered to have arrived at the study endpoint and will be euthanized. Criteria for 
identifying morbidity and moribundity will be based on the current IACUC Operating 
Policy #1 O with the accompanying Appendix A clinical observations score sheet (August 
2014). This Policy is under review and an amendment will be submitted in the event of 
any policy changes. Analgesics were considered as a way of minimizing discomfort 
during the onset of opportunistic infections, which will occur during the survival 
experiments. However, analgesics and anesthetics are well-known to alter the 
functional properties of the immune system and resistance to infection (19-43), which 
would defeat the purpose of the study. 

V.3.5.2. Reduction We will use the same mice for peripheral blood counts, analysis of 
cytokines in serum, and tissue collection for clonogenic and immune organ studies. We 
will determine the optimal dose of CDX-301 to administer in Expt 1, thus reducing the 
number of mice used for our studies. 

V.3.5.3. Replacement None 
V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C __ 3_ (#of animals) 

V.4.1.1.1.2. Column D 83 (#of animals) 

V.4.1.1.1.3. Column E 3248 (#of animals) 
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V41114PI C A an ategory ss1gnments 
Exp.# Experim~mtal/Control Group c D E Totals 
1 Survival experiment = all irradiated 1728 1728 
2 DRF study - all Irradiated 320 320 
3 HematolOQV 80 1'200 1280 
4 HematolOQY 3 3 
Totals: :3 83 3248 3334 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. An~s'thesia I Analgesia I Tranquilization Mice will be anesthetized as part 
oi euthanasia (in cases of moribundity or for sample collection} using a portable 
metered lsoflurane system. There wlll be no recovery from anesthesia in this case and 
death confirmed by cervical dislocation. All euthanasia will be according to AVMA 
guidelines and performed by trained and technically proficient personnel (44). 

V.4.1.2.2. Pre- and Post-procedural Provisions Mice will be housed and monitored in 
accordance with VSD standard operating procedures both before and after irradiation 
procedures (see Section V.5. "Veterinary Care"). For special Husbandry considerations 
post-procedural (see Section V.5.1.2) 
V.4.1.2.3. Paralytics NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched AGRICOLA 

V .4.1.3.2. Date of Search May 8, 2014 

V.4.1.3.3. Period of Search All dates available 

V.4.1.3.4. Key Words of Search ionizing radiation AND pain; injection AND pain, CDX-
301 AND pain, Flt3L AND pain, neutron AND pain, gamma AND pain 

V.4.1.3.5, Results of Search Agricola: Ionizing radiation and pain resu lted in o hits, 
Radiation and pain resulted in 20 hits. These encompassed articles where radiation 
was used as a therapeutic against a number of tumors, mainly in dogs. Several studies 
address skin dermatitis in response to radiation and suggested increased moni1toring. 
We propose to monitor all animals at least twice/day fdr any signs; including 
changes/roughness of fur. 

To study the efficacy of any radiation countermeasure in modulating survival, arnd to 
investigate its mechanism of action, one needs to irradiate animals. A search using 
radiat.ion related terms neutron AND pain and gamma AND pain yielded no relevant 
results. Irradiation itself is not a painful process, in fact, it can be analgesic (45), blllt it 
induces various changes in the body, and kills hematopoietic cells. In irradiated animalls, 
the immune response is compromised, and opportunistic infections may ensue. As 
discussed earlier, anesthetic or analgesic drugs cannot be used, All drug injection1s wlll 
be administered by sc injection. A search on subcutaneous AND injection AND pain 
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yielded 51 hits. Most were irrelevant to the scope of this proposal. Gurney et al. 
demonstrated that an sc injection of an agent of interest was as effective as and less 
painful than an intramuscular injection (46). Subcutaneous injections also proved to be 
painless and most effective in a dog model (47). No references were found suggesting 
any effect of CDX-301 or Flt3L on pain or distress. Since the drug under investigation is 
being developed to enhance survival, and we believe the mechanisms involve 
modulating complex signaling in hemato-immu ne-endocrine networks, we do not 
believe alternatives to the use of whole animals are feasible. As discussed earlier, ln 
vitro experiments do not serve our purpose. See section V .3.1 . 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification Irradiated 
animals die due to compromised immune responses and opportunistic infections. The 
percentage of surviving animals is the indicator of the efficacy of a countermeasure. As 
discussed above, we cannot give anesthetic and/or analgesic agents to animals since 
they are known to interact with the immune system, and would confound the 
interpretation, resulting in a waste of animals. 

V.4.2. Prolonged Restraint NIA 

V.4.3. Surgery N/A 

V.4.3.1. Pre-surgical Provisions N/A 

V.4.3.2. Procedure(s) N/A 

V.4.3.3. Post-surgical Provisions N/A 

V.4.3.4. Location N/A 

V.4.3.5. Surgeon N/A 

V.4.3.6. Multiple Major Survival Operative Procedures N/A 

V.4.3.6.1. Procedures N/A 

V.4.3.6.2 Scientific Justification N/A 

V.4.4. Animal Manipulations Subcutaneous injections will be performed as described 
in V.4.4.1. Blood will be removed from anesthetized mice as described in V.4.4.2. 
Tissues required for the study will be removed after euthanasia, described in V.4.4.2. 

V.4.4.1. Injections We will use 25-30 gauge needles for SC injections in the nape of the 
neck. Injections will consist of CDX-301 diluted in PBS, or PBS alone in a 0.1 ml 
volume. 

V.4.4.1.1. Pharmaceutical Grade Drugs N/A 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 
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CDX-301 will be provided by Celldex Therapeutics, Inc. (Needham MA) in sterilized 
form. It was produced under GMP conditions and with GLP toxicology studies. There is 
no detectible endotoxin or mycoplasma contamination. 

V.4.4.2. Biosamples Blood will be drawn from the caudal vena cava or by cardiac 
puncture using a 23 gauge needle in mice anesthetized by lsoflurane inhalation. A 
maximum of 1 ml of blood will be collected, and approximately 0.5 ml will be sent to 
hematology while 0.5 ml will be used for cytokine analysis after serum separation. After 
lsoflurane anesthesia and blood collection, animals immediately will be euthanized by 
cervical dislocation. Femur marrow for clonogenlc assays, tissues processed for cell 
isolation (spleen, lung, liver, heart) and/or for fixation and possible histopathology, 
(femurs, trachea, thymus, esophagus, lungs, heart, liver, spleen, kidney, stomach, 
pancreas, small intestine, cecum, colon, urinary bladder, reproductive organs, 
endocrine organs, head), or bodies for disposal, will be collected after euthanasia as 
described under Euthanasia (V.4.6). All euthanasia will be according to AVMA 2013 
guidelines by trained and technically proficient personnel (44). 

V.4.4.3. Adjuvants N/A 

V.4.4.4. Monoclonal Antibody (MAb) Production N/A 

V.4.4.5. Animal Identification Cage cards 

V.4.4.6. Behavioral Studies N/A 

V.4.4.7. Other Procedures N/A 

V.4.4.8. Tissue Sharing N/A 

V.4.4.9. Animal By-Products N/A 

V.4.5. Study Endpoint In Experiments 1, and 2 the endpoints are euthanasia of 
moribund animals. A score sheet provided in IACUC Policy #10 (attached) will be part of 
the criteria for euthanasia in the 30-day survival experiments. In Experiments 3 and 4, 
the endpoints are blood and tissue collection for further studies. 

V.4.6. Euthanasia For sample collection, mice first will be anesthetized with lsoflurane 
and then cervical dislocation will be performed to cause death under a portable fume 
hood with charcoal filter. Mice to be euthanized at the end of the experiment will be 
exposed to C02 by investigative or VSD staff followed by cervical dislocation. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations No more than 4 mice will be placed in a cage during 
experiments. Animals will receive Harlan Teklad Rodent Diet (w) 8604 and water ad 
libitum. Acidified water (pH 2.5- 3.0) is routinely provided to AFRRI mice. Cages will be 
regularly changed and cleaned by VSD staff in accordance with Standard Operating 
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Prooedur,es and the most recent edition of the Guide for the Care and Use of Laboratory 
Animals. Animal rooms will be maintained under a 12 h lighUdark cycle. 

Animals housed in the Low Level Facility will receive identical care, diet, and water 
to those housed in VSD. Husbandry during this time will be provided by research staff. 
Husbandry for animals irradiated in the TRIGA Reactor will be provided by research 
staff until the study room is cleared by members of the AFAR! Radiation Safety Office. 

V.5.1.1. Study Room Experiments 1-3: As assigned by VSD in the vivarium. 
Experiment 4: The radiation will occur over 48 h +/· 4 h in the Low Level Facility. A 
feasibility study will be done in the room prior to the actual experiments. This study will 
monitor the timing of the light darK cycle, temperature and humiefity of the room over 48 
h +/- 4 h It will also determine the feasibility of using the current monitoring camera 
(used to monitor the radiation source) to visualize cages, and to what level of detail. 
The results of this study will be presented to IACUC before anirnal research in tl'lis room 
will begin. Upon completion of the radiation, animals will be housed in a room assigned 
by VSD in the vivarium. 

V.5.1.2. Special Husbandry Provisions Reactor~irradiated animals will be monitored 
for radiation levels by; the Radiation Safety staff .l(b)<6l I 

fb)(6) trhe activated animals, room, and bedding will be considered 
radioactive until levels of radiation are not distinguishable from background. This is 
es~imated to be one day when doses below an LDS0/30 are given (less tnan 4.92 Gy) 
and no more than two days when doses above an LD50/30 (4.92 Gy and higher) are 
given. This estimate is based on past experience of investigators at AFAR!. 

The room housing the irradiated mice will be designated a "radiation room" by RSD 
and EHS, labeled as such, and access \viii be restricted to properly trained statf until 
declared clear by RSD/EHS radiological surveys. Standard radiological room operating 
procedures will require removal of all PPE before exiting the room and surveying all 
equipment and materials for radioactivity with a hand held Fluke 451-B detector before 
allowing them to be removed from the room. 

No irradiated, live mice will be moved out of VSD. Samples will be collected in VSD 
prep areas after mice have been declared non-radioactive by EHS. Following standard 
operating iprocedures , gloves will be worn at all times when handling the irradiated mice. 
Finger ring dosimeters will be worn by all personnel handling irradiated mice until they 
have been declared non-radioactive by Safety. Before mice have been declared non
radioactive by Safety, carcasses and bedding will be disposed of in the Rad Waste. 
Faci lity area designated for such material. Irradiated mice remains will be disposed of [n 
the Radiation Safety Storage area designated for such material until the mice can be 
surveyed for radiation hazard level before final disposal. 

All personnel involved in these neutron irradiation experiments will remain current 
with riespect to radiation safety training and will continue to receive annual radiation 
worker training. They will also undergo all required specialized training provided by SHD 
and RSD, including AFRRI reactor exposure room training given by the reactor faci lity 
staff. Appropriate dosimetry will be worn at all t imes when working with the reactor. This 
includes the standard TLD along with a self-reading pocket chamber to serve as a 
backup. Source accountability and ALARA principles will be adhered to at all times, and 
the SWIMS procedure will be fol lowed in case of any spills of potentially radioactive 
materials. 
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Animals involved in E~periment 4 will be housed in the Low Level Cobalt Facility 
during chronic irradiation, During this time the temperature, humidity, and light cycle 
will be maintained as iper The Guide for the Care and Use of Laboratory Animals. 
V .5.1.3. Exceptions None 

v .5.2. Vet~rinary Medi ea I Care 

V.5.2.1. Routine Veterinary Medical Care The animals will be observed twice daily by 
research staff of this protocol (morning ana late afternoon). Animals in a critical phase 
(period of study when animals begin to show clinical signs of morbidity and increased 
mortality is expected) will be monltorea three times/day, including a late evening check. 
Any moribund mice will be euthanized as soon as possible. If needed, a VS!D 
veterinarian will be contacted for the decision to euthanize. The most current approved 
IACUG Policy Letter #10 will serve as a reference for the criteria for health 
evaluation/euthanasia. 

V.5.2.2. Emergency Veterinary Medical Care AFRRI veterinary staff will be 
consulted as needed in an emergency veterinary medical care scenario, 

V.5.3. Environmental Enrichment 

V.5 .. 3.1. Enrichment Strategy Nestlets and other enrichment items may be alllowed in 
animals that have been separated for experimentatioh. 

V.5.3.2. Enrichment Restrictions Nestlets will be allowed in experimental cages. 

VI. STUDY PERSONNEL. OUAllFICATIONS AND TRAINING 

= NAME I DEGREE I TRAINING I DATE PROCEDURES 
(O)\DJ 1. 3, 4b, 5 

t , 3, 4a, 5 
7 - tail vein 
1, 3, 3d, 4a,4b;5, 1 
1, 2, 3 4a, 5 
7 -tail vein 

Proceduire and man1p~1lat100 OOdes. 
Code 1-= A<illtftal lla11dl'1ng and euihanasla 
Code 2= Surgery (asoptic techniqu9) pn~~ and post·operativs ca1s 
Cod& 3: lnjeotions (3a-ip, 3b·sc, 3c•gavage) - can say 3 ir trained in all manrpulations or adcJ 3d·iv 
Code 4= !Blood rollection under anesthesia (4a·cardiac, 4b-postenor vena cava) 
Code 5· Tissue coliection (after ·euthanasia) - doesn't need to be specific 
Code 6 6 Implantation (provide details) 

VAS/MOS 
o::; f lfPERIENCE 
(O)\ti) 

Code 7 =Others - •(provide protocol speciric manipulafions or procedures for e.g., retro-orbital bleeding, tail vein injection, o r d~ug 
deliv'A(y) 

VII. BIOHA2ARDS/SAFETV N/A 

VJll. ENCLOSURES Pdf of the new divider for holding animals over 48 + h in low dose 
facility 
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X. A..SSURANCE.S 

Protocol Title: Evaluation of CDX~301 as a radiation countermeasure in1 the 
laboratory mouse (Mus musculus): effects of neutrons. gamma photons. and rate of 
exposure. 

As the f>,rincipal Investigator on tllis protocol, I acknowledge my responsibifltles and provide 
assuralilces for ihe following: 

A. Animal Use: ihe ar\imals authbrized tor use in this protocol will be used only in the ac:~ivities and 
in the manner described herein. unless a modification is specifically approved by the IAClJC prior to its 
implementation. 

B. Duplieatitm o' IWori: I nave made every effort to ensure thal this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis , and that the minimum number of animals 
needed for scientific validity will be used. 

o. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety. recombinant issues, aind so 
forth, in the preparation of this protocol. 

E. Training: I verlfy that the personnel performing the animal procedures I manipulations I 
observations deseribed In this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Re.sporlsibllity: I acknowledge the inherent moral. ethical and adn'linistrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort. welfare, and well-being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of the fourth "!=!", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. ·Scientific Review: This proposed animai use protocol has received appropriate peer scientific 
review and Is consistent with good scientific research practice. 

H. Painful Procecfore(s): I AM I 8M NOj conducting biomedical e;cperiments, which may 
potentially cause more than momentary or slight pain or distress to animais. If applicable, potential pain 
and/or distress WILL Awn 1 NOT I be relieved with the use of anesthetics. analgesics and/or tranquilizers. 
I have considered alternatives to such p(ocedures; however. I have determined ihat alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

fb)(6) I 
Principal irnvestigator (Printed Name) Principal Investigator (Signature} 
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Appendix 1: Low dose cage divider for 48+ h low dose radiation 

b)(4) 
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Appendix 2: Clinical Observations with Criteria for 
Euthanasia (Rodent) 

DATE: Time: Animal ID# Score 

Appearance: 
Normal (smooth coat, clear eyes/nose) 
Hunched and/or fluffed 
Ocular discharge, and/or edema 
Soft stools (fecal matter around anus) 
Pale, white mucus membranes/skin** 
Bloody diarrhea 
Blue mucus membranes/skin (cyanosis)* 

Respiratory Rate: 
Normal breathing 
Increased breathing (double normal rate, rapid, shallow) 
Abdominal breathing (gasping +I- open mouth breathing)* 

General Behavior: 
Normal (based on baseline observations) 
Stretching of hind limbs with abdominal motion (writhe) or 

grimace {App. Band C) 
Decreased mobility 
Ataxia, wobbly, weak .. 
Inability to stand* 

Provoked Behavior: 
Normal (moves when cage is disturbed, runs from hand (mice) 

or investigates (rat)) 
Subdued; responds to stimulation (moves away briskly) 
Subdued even to stimulation (moves away slowly) 
Unresponsive to gentle prodding •• 
Does not right when placed gently on side within 5 seconds* 

Weight Loss: (Only to be used if the score is 6 or more than 6 in other categories): 

TOTAL 

Normal< 20% 
20-25% 
26-30% 
31-34% 
~35%* 

•• Regardless of total score, notify appropriate veterinary staff personnel immediately. 

* Regardless of score, immediately euthanize (death is imminent) 
Total Score: 
< 6 Normal 
6 - 11 Morbid: See V1.D.2 and Vl.D.4 in IACUC Policy #1 O for guidelines 

0 
1 
3 
5 
6 
9 
12 

0 
6 
12 

0 

1 
2 
6 
12 

0 
1 
3 
6 
12 

0 
3 
6 
9 
12 

~ 12 Moribund: Notify responsible personnel immediately for euthanasia (if no single criteria is 12*). 
Any single criteria ot 12· euthanize immediately; consider as 'found dead. 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL 
FORMAT WITH EMBEDDED INSTRUCTIONS 

(December 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested In the following animal use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (A WAR), the Guide tor the Care and Use ot Laboratory 

Animals, and other applicable Federal regufations and DOD instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. 
It is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference 
to the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol for IACUC review. 
Please use Arial, regular. size 12, black font to prepare the protocol. W~h the exception of section 
headings, all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation for responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD} or similar VSO-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is 
essential to include general descriptions of all animal manipulations to be carried out under the IACUC· 
approved protocol and to provide details where no approved references are cited. To do otherwise would 
constitute a breach of statutory regulations. Manipulations not covered in the originally approved protocol 
can be initiated only after IACUC approval of a formal amendment adding the new procedures. 
Addttionally, Principal Investigators (Pis). or other delegated research personnel, should maintain 
accurate experimental records and be able to provide an audit trail of animal ei<penditures and use that 
correlates with their approved protocol. Protocol Pis will be required to provide this and other information 
during annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that 
supports or complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scienffsts include intellectual property (e.g., 
concepts, ideas, experimental approaches. etc.), some ot which is ;nnovative or original and 
theretore considered proprietary to the fnvestlgatots and/or the sponsoring agency. All 
Government and non-Government personnel handling this protocol shall exercise EXTREME 
CARE, to ensure that the information contained herein is NOT DUPLICATED OR DISCLOSED, in 
whole or part, for any purpose other than to evaluate the protocol, without the written permission 
ot the principal investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

Revised 10-31-2014 
FOR IACUC use ONLY 

PROTOCOL NUMBER : l(D)(tl) I 
SubmlssiOn Date: 7(1512014 2r0 Resubmission Date: 

ApprovedlBat111n1;t!:l lor Revi~ion: 7(3112014 Approved/Approval W't11held by IACUC. 

1• Resubmission Date: 10131120'14 EXPIRATION DATE: 

Approved/Returner:! for Revision: 1111812014 PreviOus Protocol Number 11f retared) 
SECOND TIER REVIEW 

(if required} 

Submission Date: Approvod!Ro1umed for Revision: 

Approved/Returned for Revision: 2"" Resubmission Date: 

191 Resubmission Date: Approved/Approval Withheld: 

NOf ESM Pl: 
• To DISPLAY this Word document's red-text instructions, llev•tw view Dmtoper 

single-cHck Word's Show/Hide button (shown, right), 
located in Word's top-of-page panel (click Word's 
"Home" tab if Show/Hide isn't displayed). 

• To HIDE the red-texl instructions, single-click the 
Show/Hide button again . 

.,, .. h 

1111712017 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( } only. Do no1 
make en1ries into the red-text instruction text. Single-click your mouse cursor in the data field . then 
begin typin . 

I. NAME OF FACILITY: Armed Forces Radiobiology Research Institute 

11. PROTOCOL NUMBER:._IM_<6> ____ _.. 

Ill. PROTOCOL TITLE; Screening radiation countermeasures for prophylaxis and 
mitigation of gastrointestinal syndrome (Gl-ARS} in the lab mouse, Mus musculus. 

IV. PRINCIPAL INVESTIGATOR; 

fb)(6) I PhD, 
Research Biologist. SRO. AFRR;.;,l·:...-----
Tolophonej(6)(6f I Fax:l(6)<6) 

1'6)(61 I 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent with good scientilic research practice. 

1(0)(5J PhD, L TC, USA Date 
Head. Scientific Research Department, AFRRI 
Telephonekb>(6) I FaxJ~6) I 
1c6)(6J 
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-or-

Date 

VI. STATISTICAIL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures that the number of animals used is appropriate to obtain sufficient data and/or is noi excessive, 
and the statistical design is appropriate for the intent of the study 

l(b)(6) I PhD 
"Stat1st1e1an.......,,.......___ .,,...., ....... ----
Telephonel<b)(6) I Fax lT <6> 

Date 

VII. ATTENIDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more than slight or momentary pain or distress, even if relieved by anesthetics or analgesics . 

....,1(6.,..)(
6.,....) .,......._..,...._....,,...,.......IDVM, DACLAM, L TC, VC, USA 

Head, Veterina Sciences Department, AFRRI 
l"l!T~e~le~p_h_o_ne..,.· -b-)( -) ___ ....,Fwq(6)(6) I 
~ ( 

Date 

VIII. SAFETY OFFICER: ihls animal use protocol received appropriate review for safety and 
bio!hazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis)' 

Date 

IX. JACUC APP,ROVAL: This protocol was reviewed and approved by the lnsli!ute Animal Care 
and Use Committee on ____ _ 

(Date) 

Ph.D. 
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P'ROTOCOL TITLE: Screening radiation countermeasures for prophylaxis and 
mitigation of gastrointestinal syndrome (Gl-ARS) in the lab mouse, Mus muscu/us. 

PRINCIPAL INVESTIGATOR:fb)(G) I PhD. 
Research Biologist, AFRRI 
Uniformed Services University of the Health Sciences 
Phone:f0>(6> I F~.._(b_K6_> _________________ ..... 

Co-lnvesti_gator:l(b}(6i I PhD, 
Research Biologist, AFRRI 
Uniformed Services University of the Health Sciences 
Phone(tb)(6) I Fa~ .... <b_l<6_i ______________ "'"' 

AIFARI SCIENTIFIC RESEARCH PROTOCOL NUMBER: ( ..... {6)_(
6} ______ __. 

1. NON·TECHNICAL SYNOPSIS Nuclear proliferation, terrorist activity, and the 
distribution of nuclear and radioactive materials through underground networks make 
incidents involving radiation injuries increasingly likely. Scenarios involving radiological 
hazards include nuclear detonations, covert placement of radioactive substances, and 
dirty bombs. Depending upon the exposure dose, radiation can cause extensive 
damage to the rapidly dividing cell populations of the hematopoietic and the 
gastrointestinal systems leading to secondary infections and hemorrhage resu lting in 
fatalities. At doses of 8 Gy and above in humans, there is severe damage of the 
gastrointestinal system, with accompanying weight loss. diarrhea, dehydration, and 
disruption of the gastrointestinal mucosa allowing large numbers of gut microorganism 
to enter the systemic circulation, causing opportunistic infections and mortality. The 
outcome is collectively termed Gaslrointestinal Acute Radiation Syndrome (GI-AAS). 
Currently, there is no effective treatment for Gl-ARS consequent to accidental radiation 
exposure. 

J_be cyrrem pcptocol is funded by thel1bl(
4l . . I 

l(b)(4) tto develop a rodent model with 5% shielding of the bone marrow, 
and to evaluate potential radiation countermeasures that can delay mortality and 
increase survival of lethally irradiated mice when administered after irradiation. 
We propose to 1) establish the baseline for GI injury using total body irradiation [TBI], 
2) develop a radiation model for Gl-ARS with 5% shielding of the bone marrow [partial 
body irradiation, PBI], 3) evaluate the efficacy of pharmacological countermeasures 
(CM} in both TBI and PBI, and 4} to study the pathophysiology of radiation-induced 
gastrointestinal injury and its time·course, as well as the effect of CM on these 
parameters. 

II. BACKGROUND 

11.1. Background 
Gastrointestinal Syndrome 
The three biological systems most affected by high levels of radiation are ( 1} the 
vascular system in the brain; (2) the mucosal cells lining the gastrointestinal tract, and 
(3) the hematopoietic (HP)/immune system. Damage to the brain's vasculature, which 
occurs only at the very highest levels of radiation exposure, is irreversible and felhal. 
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Gastrointestinal damage, including lesions within the gut followed by sepsis, is induced 
by high levels of radiation and is known as gastrointestinal acute radiation syndrome 
(Gll-ARS). Exposure to high doses of radiation exceeding 10· 12 Gy causes Gl-ARS, 
which can result in death in 5-1 o days. The extent of injury to the bone marrow and the 
GI tract are the principal determinants of survival arter exposure to total body irradiation 
(TBI). 

The classical radiobiological view presents radiation-induced tissue injury as the 
direct consequence of DNA damage and cell death induction in target cells, meaning 
that the severity of tissue damage would be difectly related to cell depletion during the 
acute phase. In mouse models of' the gastrointestinal syndrome, acute injury has been 
mainly attrioutect to apoptosis of epithelial stem cells and microvascular enaotneliall 
cells. The pathophysiological mechanisms of Gl·ARS is complex and involves loss of 
clonogenic crypt cells with eventual depopulation of the intestinal villi, defective· 
regeneration of the irradiated intestinal stem cells and a systemic inflammatory 
response syndrome from a host of cytokines and growth factors released in the serum, 
following exposure to radiation and gut microbes (Marxhman et al 2002, Patten et al, 
1998). Survival from GI-AAS depends on the rate of the crypt depopulation and th:e 
efficiency and number of the residual clonogens, capable of regenerating crypt-villus 
units. 

P:rtla/ bodv lrrad!al/on for Gl·ARS 

~:~ I ~as 
been in the forefront (MacVittie 2012) in developing animal models tor evaluation of 
various countermeasures which are organ specific. One such model is the Partial body 
Irradiation with 5% bona marrow shielding (PBl/BM5 or PBI). In a bioterrorism event, 
typical victims would receive a nonhomogeneous radiation dose that preserves roughly 
5% or more of thei r marrow. The PBI model protects approximately 5% of bone marrow 
[BM] and is sufficient to separate the effects of BM collapse from those of GI toxicity 
and to spa~ of mice from death (LD100/30) at the hematological doses (Zhang 
et G/ 2010)E::..__Jhas requested AFRRI to develop a PBI model to evaluate 
countermeasures for Gl-ARS in mice at AFRRI). The current proposal addresses this 
request. It is necessary to develop specific jigs suitable to our radiation sources to 
isolate/shield one hind leg form exposure to irradiation. It is anticipated that 5% 
shielding of the BM will increase survival by a factof of 1.2 to 1.3. 

Zhang el al 2010 Int. J. Radiation Oncology BioL Phys,, Vol. 77. No. 1, pp. 261 - 268. 2010 
MacVittie'TJ 2012 Health Physics 2012, Volume 103. Number4 

Countermeasures against GT-ARS 
An intense area of research in radiopathology involves the prophylactic use of 

trophic growth factors such as keratinocyte growth factor (Dorr et al, 2002, Terry et al, 
2004) and glucagon-like peptide 2 (Booth et al 2004). Keratinocyte growth factor and 
interleukin-11 and growth facts that inhibit cell cycle in regenerating crypts, such as. 
transforming growth factor-p 1 (TGFp 1) promote radioresistance of crypt cells when 
administered prophylactically (Booth and Patten 2001 , Booth et al 2000, Khan et al 
1997). 
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Besides the intestinal crypts where the putative intestinal stem cell (ISC) reside, the 
stroma or the flSC niche has also been postulated to be a target in Gl-ARS. Thus, 
endothelial cells residing in the ISC niche, is particularly vulnerable to radiation. Growth 
factors, such as, basic fibroblast growth factor {bFGF) that prevented radiation-induced 
endothelial (Okunieff et al 1998, Zhang et al 2010) cell death, also conferred 
radioproteetion from GI-AAS, Recently, a peptide derived from Salmonella Flagellin, 
which is a ligarnd tor TLR5, was found to be radioprotective against Gl"ARS in murine 
and !Primate models, possibly via NFkB activation (Saha et a/2012). 
Work at AFARI is currently focused on the prophylactic u.se of vitamin isomers; Li et al 
(2013) reported that DT3 administered 24 h prior to 10-12 Gy irradiated CD2F1 mice 
improved survival, and protected the intestinal tissue by reducing inflammatory 
process. Singh et al (2012) reported alpha-tocopherol succinate protected against GI
AIRS by inhibiting apoptosis, promoting regeneration of crypt cells. and inhibiting 
translocation of gut bacteria. 

Currently, there are no reports of CMs effective when administered post-irradiation. 

(b)(4) 
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n.2. uterature search tor Duplication 

11.2.1. Literature Sources Searched BRD, NIHRePORTER, PUBMED, Embase 

11.2.2. Date of ·S~areh 05/1012oi 4-06/02/2014 

IJ.2.3. Period of Search The search period extended from 1998 to 2005 for BRO, 2009-present for 
NIHReporiter, 1970 to present. for PubMed, 2006 to present for Embase. 

11.2.4. Key Words of Search Radiallon-induced gastrointestinal syndrome (Gl-ARSWbJ(4) 
1<6)(4) land radiation. AGS injury, symptoms. Gl-ARS. Gl-ARS countermeasure""'s.-s-ur_rn_g...,at,...e _ _. 

markers. Partial body irradiation, total body irradiation 

11.2.5. Results of Search Several references were found on PubMed and Embase 
(>500} for th.e i _n~iyidual terms; a few pertinent e>_nes ~n used in the background 
section for Gl~ARS, countermeasures to Gl=ARS and~There were no hits under 
BRD. These are the results under NIHRePORT s1.fmmarlzed here: 

l(b)(4) 11 hit 
Radiation: 3792 hits, 48 hits were relevant for (Radiation countermeasures}. 
Gastrointestinal syndrome and radiation: 34 hits. 
The following are the most relevant 

Project Title Project Number Contact P~ I Organization Name 
Project 
Leader 

CHARACTERIZATION OF TELOMERASE 5R01 DK084056·04 BREAULT, CHILDReN'S 
EXPRESSING INTESTINAL STEM CELLS DAVIDT HOSPITAL 

CORPORATION 
Ml:DICAL COUNTERMEASURE AFTER 1R43Al107953- CASTiLLO, PHARMAIN 
RADIAf iON EXPOSURE 01A1 GERARDO M CORPORA.fl ON 
BECl OMETHASONE POST EXPOSURE 5R43Al100417°02 OONINi, SOLIGENIX, ~NC, 
THERAPY FOR GASTROINTESTINAL ACUTE OREOLA 
RADIATION SYNDROM 
STEM CHL~BASED THERAPIES FOR 5U19AI091175°04 GUHA, ALBERT EINSTEIN 
RADJATION·INDUCED GASTROINTESTINAL CHANDAN COLLEGE OF 
SYDROME (RIGS) MEDICINE 
SOMATOSTATIN ANALOGS AS 5U 19AI067798-09 HAUER- DUKE UNllVERSITY 
COUNTERMEASURES AGAINST INTESTINAL JENSEN. 
RADIATION TOXICITY MARTIN 
DEVIELOPMENT OF MEDICAL 272201300021C-O- MCCOOL, RXBIO, INC, 
COUNTERMEASl!JRES TO MITIGATE OR TREAT 0-1 SHANNON 
Gl, A'RS 
DEVIELOPMENT OF MEDICAL 272201300030C-O- RIVENBURG. SOLIGEINIX, llNC. 
COUNTERMEASl!JRES TO MITIGATE OR TREAT 0-1 THOMAS 
GI-A-RS 
FGF-P TO TREAT POST·IRRADIATION GI 5R 43AI098330·02 ZHANG, DIACARTA, LLC 
SYNDROME AIGUO 

Howev,er, none of the studies are duplicated here. 
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Ill. OBJECTIVE I HYPOTHESIS The objective of this protocol is to develop a rodent 
model for acu te gastrointestinal syndrome with 5% shielding of the bone marrow tissue 
and to evaluate v~rugs as radiation protectants and mitigators, as 
recommended b~using survival as the endpoint. Further, we will determine the 
pathophysiology of Gl-ARS following irradiation and the effect of countermeasures on 
these markers of GI injury to understand the mechanism of Gl-ARS. 

IV. MILITARY RELEVANCE In the event of a mass casualty event involving 
radiological/nuclear material, military personnel and fi rst responders can be exposed to 
radiation doses ranging from mild, moderate to very high. At 6-8 Gy exposures (mild to 
moderate), Gl-ARS or the gastrointestinal syndrome occurs, for which there is currently 
no FDA approved pharmacological intervention. GI-AAS cannot be managed with 
supportive care including antibiotics, hydration or cell therapies; eventually leading to 
mortality. Progress in understanding the differences in the mechanisms involved in 
response of the GI to high doses of radiation has led to the development of new 
rationales for selective protection of the normal eel Is, by suppressing death signals and 
increasing radioresistance of the normal cel ls. This protocol will address the critical gap 
in knowledge regarding GI-AAS and to develop strategies to protect, ameliorate, or 
treat armed personnel. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

V.1.1. Experiment 1. 
V1 .1.a Establish LD-30/10, LD-50/10, LD-70/10 and LD-100/10 for CD2F1 mice 
following total body irradiation. 

1. We will use 6 radiation doses to determine the LD-50/1 0 for CD2F1 mice 
[radiation dose that results in 50% mortality of CD2F1 mice within 10 days post
TBI). 

2. We will use n=1 O mice per radiation dose for the preliminary study. The study 
will be reiterated prior to start of countermeasure screening. 

3. Probit analyses will determine the LD-30, LD-50 and L0-70 radiation doses for 
the model. 

6 radiation doses (10, 11, 12, 13, 14 and 15 Gy, 0.6 Gy/min)* x 10 mice x 2 iteration 
Subtotal = 120 mice 

*The radiation doses are based on literature. We will refine the dose based on preliminary data 
to arrive at the correct GI dose. 

V.1. 1.b. Determine the pathophysiology of GI-injury in mice irradiated with different GI 
total body rad iation doses (TBI) to establish a rad iation-dose response for GI injury. 
4 radiation doses *x 4 time points post TBI (4 d, 6 d , 8 d and 1Odpost-TBI) x10 mice 

Subtotal= 160 mice 
* Radiation doses will be determined based on V. 1. 1. a. 

Note: V.1.2. Experiment 2 has been shelved 
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V .1.3. Experiment 3 
V. 1.3.a. Test a promising radiation countermeasure against radiation injury (Gl~ARS) 
after exposure to total body irradiation (TBI). 

1. There will be 3 arms for the survival study: Prophylaxis {24 h pre-TBI). and two 
mitigation arms (post-TBI) starting at 4 hand 24 h post-TBI. 

2. The radiation dose resulting in 100% mortality on day 1 O will be selected for 
testing radiation countermeasures based on results from V .1.1.a. 

3. Delay in mortality and improvement in survival (30% over vehicle) is the 'pass' 
criteria for a successful radiation countermeasure. 

4. ~untermeasure identified for preliminary screening in me GI model is 
L:.._J[50 mg/kg, 4 doses, once a day by oral gavage). 

For each drug, the animal requirement is calculated as follows: 
Drug + vehicle (2 groups) x 3 regimen (one pre- and two post-T131) x 1 rad dose (LD-
100/10) x 1 route (po) x 24 CD2F1 mice per group Subtotal = 144 miceJdrug. 

Pilot study (Partial body radiation): It appears from conversation with JIG 
manufacturers for partial body radiation that Cobalt 60 gamma radiation cannot be 
used for such studies due to the scattering of the radiation . The ad$R2ate ootion.is to 
use X-ray source. Pi has identified the source as the unit availabi 1 I 
Additional discussions are in progress and hence Pl is not requesting an¥o-animals for 
even a pilot study. Subtotal = 0 mice 

Shelved e@eriments V1 .2., V1 .3.b, V1 .4.,V.1.5., and V.1.6 

Partial body radiation studies (place holder- no animals requested) 

V.1.2. Experiment 2 fihe details pertaining to partial body lrradlarlon Is undet active al&cussion 
between the Pl, VSD, and radiation dosimetry lead. We will submit an amendment at a Tater date 
describirtg the precise methodofogfes), 
V.1.2.a. tstablish LD-50110 for CD2Ff mice following 5% shielding of bone marrow. 
6 radiation doses (12, 13, 14, 15, 16 and 17 Gy, 0.6 Gy/min)' K 10 mice K 2 iteration 

Subtotal= 0 miceA 
.. These ra<iiation doses are projected based on a ORF of 1.3 for survival following 5% bone marrow 
shielding reported in literature. These will likely change base·d on the AFRRI model: radiation source, 
dose-rare and other variables. 

v. 1.2.b. Determine the pathophysiology of GI-injury in mice irradiated with different GI partial body 
radiation doses (PB/) to establish ll radiation-dose response for GI injury. 
4 radiation doses• x 4 time poiflls posr TB/ (4 d. 6 d. B d and 10 d post· TB/) x 1 O mice 

Subtotal= o mfceA 
'Radiation doses will be determined based on V. 1.2.a. 
llMice will be requested for PB/ studies in the amendment deta iling methodologies for irradiation, 
anesthesia, and other logistics. 

V.1.3.b. Te!t a promi5ing radiation countermeasure for GI efficacy after exposure to partial OOdy 
irradiation (PB/). [Details for anesthesia and irradiation will be submitted as an amendment once 
the details are determined by the Pt, VSD and Radiation Department]. 

1. As before. there wiil be 3 arms for the suNival study: Prophylaxis (24 h pre-TB/), and two 
mitigation arms (post· TB/) starting at 4 h and 24 h post· TB/. 
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2. The radiation dose resulting in 100% mortality on day 1 O with 5% bone marrow shielding Will be 
selected for testing radiation countermeasures based on results from V 1.2.a. 

3. 

4. 

Delay in mortality and improvemem in survival (30% over vehicle) is the -pass · criteria for a 
~stul radiation countermeasure. 
~s the first countermeasure to be tested in the PB/ model [50 mg/kg, 4 doses. once a day 
by oral gavage]. 

For each drug, the animal requirement is calculated as follows: 
Drug + vehicle (2 groups) x 3 regimen (one pre· and two post·TBI) x 1 rad dose (L0=10(J/ f(J) x 1 route 
(po) x 24 CD2F1 mice per group Subtotal = 0 mice/druq11 

"M'ice will be requested for PB! studies in the amendment derailing methodologies for irradiation. 
anesthesia, and other logistics. 

V.1.4. Experiment 4 
Optimization s tudies: Optimi2ation studies will be initiated in CD2F1 mice only if any of the drugs 
tested meets the AFRRI criteria of >30% survival than vehicle in the preliminary ra.diatiDn sfJtvivaf 
seteen. As a reduc~i · gy, we w"ill. use only ~SI. O~ug dof e and ~chedule will be selected based on 
optimum survival b e project initiating the optimization studies with 50 mgll<Bt(b)(4) I 
administered once a ay y oral gavage for 10 dsys [see background). 

Drug dose optim ization study.· 6 groups {Five drug doses + 1 vehicle) x 1 radiation dose (LD· 100110) 
x 2 regimen (pre· and post-exposure) x 1 route x 20 animals per group Subtotal= 0 CD2F1 mic~"' 

Time op timization study : 4 different time points x 1 optimum dose+ 1 vehicle (2 groups) x 1 radiation 
dose {LD-100/ 10) x 1routex20 animals per group Subtotal= 0 CD2F1 mice"' 
'Mice will be requested for PEJI studies in the amendment detailing methodologies for irradiation, 
anesthesia. and other lagistics. 

V.1.5. Experiment 5 
Dose reduction factor study (ORF) 
The dose reduction factor (ORF) studies will use the optimum drug dose and times determined by the 
optimization studies to evaluate the effectiveness of the drug against a range of GI radiation doses in 
CD2F1 mice for both TB/ and PB! conditions, 

DRF for total body fttadiation (TB/) 

6 TBl-irradiated vehicle groups (0.6 Gy/min)" + 6 TBl-irradiated drug groups~ x 24 mice per group 

Subtotal = O CD2F1 mice 

'These radiation doses will be determined based on experiment V.1. t and V.1 .2 and are considered a 
guidance. The appropriate radiation doses will be determined using experiment V. 1. 1. 

ORF tor partial body irradiation (PBI) 

6 PBl·irradiated vehicfe groups (0.6 Gy!min) ' + 6 PBl·irradia.ted drug groups• x 24 mice per group 

Subto lal = 0 GD2F1 mice/\ 

*As above, data generated from experiment V. 1.2 will determine the radiation dose range. 

"'Mice will be requested for PB/ studies in !he amendment detailing methodologies for irradiation, 
anesthesia, and other logistics. 

V.1.6. ~periment 6 
V. 1.6.a. Determine the pathophysiotogy of Gl-injufl/ in mice irradiated with GI radiation doses (PBI) and 
treated with a countermeasure. Data from these studies will form the basis of understanding the mode of 
action of the drug. Experiment V.1.4. will determine the optimum dose and schedule for these s tudies. 

Naive+ vehicle+ drug alone (3 groups) x 4 time-points x 10 mice per group x 1 route of administration x 
1 drug Subtotal = o CD2F1 mice.I\ 
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11Mice will be requested for PBf studies in the amendment detailing methodologies for irradiation, 
anesthesia, and other logistics. 

2 experimental groups (vehicle-irradiated, Drug-irradiated) X 4 time-points X 10 mice per group x 1 route 
of administration X 2 radiation doses Subtotal = 0 CD2F1 miceA 
11Mice will be requested for PBf studies in the amendment detailing methodologies for irradiation, 
anesthesia, and other logistics. 

V .2. Data Analysis 
Note: THIS SECTION HAS NOT BEEN REVISED in the light of shelving certain 

experiments as shown above, because ultimately similar type of statistics will be used. 

All data will be reported as means with standards errors or percentages where 
applicable. 

Experiment V .1.1 and V .1 .2: A 6 dose prob it model to determine L0-50 wi II have 
a>80% power to detect significant difference if the effect size is 1.0 standard deviations 
and the sample size per dose is 1 O animals. We request an iteration for each of these 
experiments to 
Allow for additional radiation doses if the preliminary study fails to achieve the LD-5/1 O 
to LD-1 00/1 O range for survival. 

Experiment V .1.3 and V .1 .4: Assumptions for 30% improvement in 10-d survival in the 
radiation countermeasure group compared to none in the vehicle group. Based on a 
log-rank test with 80% power and 5% two-sided significance, we determined that this 
design has adequate power for screening countermeasures using a 10-day survival 
and N of 20 (Kodell et al, 2010). 

Experiment V .1.5. 20 animals per dose with six radiation doses is sufficient to 
determine a probit line fit to mortality data for ORF calculations. At least three out of the 
six doses should sustain survival other than 100 or o percent. Finney's methods will be 
adhered to in making probit fits and estimating ORF. 

Experiment V. 1.6. For testing the overall difference between groups (averaging over 
time points), two-way ANOVA with 10 animals per group measured at 4 time points will 
have 80% power to detect a difference of 0.91 standard deviations if the within-subject 
correlation is 0.2. For comparisons between groups at a single time point, the 
proposed sample size will have 80% power to detect a difference of 1.8 standard 
deviations between groups, based on a t-test for independent samples with a 5%, two
sided significance level. 
Prasanna and Devi (1993) observed standard deviations of -35 crypts. A sample size 
of 8-10 per group will have 80% power to detect a difference of 3 crypts (2.38 std. dev) 
based on a 2 group t-test with 5%, 2-sided significance level. Observed differences are 
expected to exceed 1 o crypts. 

Kodell et al. Determination of sample size for demonstrating efficacy of radiation countermeasures. 
Biometrics. 2010. 
Prasanna and Devi, Modification of WR-2721 radiation protection from gastrointestinal injury and death 
in mice by 2-mercaptopropionylglycine. Rad Res. 1993. 
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V .3. Laboratory Animals Required and Justification 
V.3.1. Non·animal Alternatives Considered: Although high throughput screening and 
computer modeling have advanced significantly in recent years in identification of 
promising drugs, it would be simplistic to assume that cell systems or artificial 
intelligence modeling can replace the data that can be generated by using an animal 
model. Irradiation of animals will result in a cascade of changes including death of 
stem and progenitor cells in bone marrow, alterations in signal transduction pathways, 
multiple organ dysfunctions etc. due to differing radiosensitivities of organs. Currently, 
there are no alternatives in existence that can predict or compute the complexity of the 
response to total body irradiation. The US FDA recognizes the ethical considerations 
involved in testing the efficacy of radioprotective drugs in humans. The FDA 
regulations concerning the approval of new drugs or biological products when human 
efficacy studies are not ethical or feasible are known as the "Animal Rule" (Crawford 
2002). Therefore, FDA requires preclinical drug assessments (safety and efficacy) to 
be performed using both small and large animal models (FDA 2002) prior to granting 
approval for safety testing in humans. These regulations state that the 
pathophysiological mechanism of radiotoxicity and its prevention or substantial 
reduction by the product must be well understood and demonstrated in more than one 
animal species expected to react with a response predictive for humans. Further, the 
endpoint in such studies must be clearly related to the desired benefit in humans, 
generally the enhancement of survival or prevention of major morbidity. Finally, there 
must be supporting pharmacokinetic (pK) and pharmacodynamic (pD) data (USFDA 
2009). 

Crawford. New drug and biological drug products; evidence needed to demonstrate effectiveness of new drugs 
when human efficacy studies are not ethical or feasible. Federal Register 67: 37988<37998; 21 CFR parts 314 and 
601.FDA, HHS; ACTION: Final Rule; 2002. 
U.S. Food and Drug Administration. Guidance for industry:animal models, essential elements to address efficacy 
under the Animal Rule. Silver Spring, MD: CBER; 2009. 

V.3.2. Animal Model and Species Justification Recent advances in molecular 
techniques have allowed significant improvements in understanding the cellular and 
biochemical processes. These advances are possible only due to whole animal 
modeling of human ailments. The mouse, in particular, has high sequence homology to 
humans at a genomic level as well as similar hematological and immunological 
response to radiation. Mouse models not only confirm primary pathological processes 
but have also provided a venue for studying basic molecular, cellular, biochemical, and 
cytological processes. Further, there are extensive data on the mouse for comparison, 
review and analysis. The practicalities of breeding and housing these small mammals 
have made the mouse model invaluable. The Principal Investigator's group at AFRRl 
has significant training and experience in handling mice in radiation countermeasure 
studies. 

V .3.3. Laboratory Animals 
V.3.3.1. Genus I Species Mouse, Mus musculus 

V.3.3.2. Strain I Stock CD2F1 
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V.3.3.3. Source I Vendor CD2F1 from VSD approved vendors (Harlan Inc., Charles 
Rive laboratories, or Jackson Laboratories). 

V .3.3.4. Age 7 -8 weeks on purchase. 

V.3.3.5. Weight 25-30 grams 

V.3.3.6. Sex Males have been used historically and will continue to be used in this 
study. Females may be included as per the Program Manager's directive. In this case, 
an amendment will be submitted detailing the reason for inclusion of females. 

V.3.3.7. Special Considerations Commercially procured animals must be adventitious 
disease free. Specific pathogen-free, including Pseudomonas aeruginosa, and 
Pasteurella: All mice need to be free of the following agents: Sendai, Pneumonia Virus 
of Mice (PVM), Reovirus-3 (Reo 3), Mouse Adenovirus (MAD-1, MAD-2), Mouse 
Cytomegalovirus Virus (MCMV), Ectromelia, K virus, Lymphocytic Choriomeningitis 
Virus (LCM), Epidemic Diarrhea of Infant Mice (EDIM), Hantaan virus, Rotavirus, 
Mouse Parvovirus (MPV), Polyoma Virus, Mouse Minute Virus (MMV), Mouse Thymic 
Virus (MTV), Theiler's Mouse Encephalomyelitis Virus (TMEV/GDVll), Encephalitozoon 
cuniculi, CAR bacillus, Mycoplasma pulmonis, and Clostridium piliforme. 
Endoparasite- and ectoparasite-free. 

V .3.4. Number of Animals Required (by species) 424 CD2F1 mice 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V .3.5.1. Refinement The Pl will take necessary steps to assure that all personnel in 
the project are rigorously trained in handling techniques (ear-punch, injections, oral 
gavage, intraperitoneal and subcutaneous injections, and routine cage-side 
observations) to minimize distress and pain to the animals. Specifically, during capture 
and restraint of the rodents, care will be taken to ensure that handling does not 
contribute to distress. Topical ointment/lubrication gel will be used, if necessary, to 
prevent drying of the cornea as well as at the site of drug injection in consultation with 
attending veterinarian and veterinary staff. 

V.3.5.2. Reduction The protocol will use a tiered approach to reduce the number of 
animals. In preliminary studies, if we achieve the LD-50 in the first attempt, we will 
repeat the study with 5 radiation doses and an n of 5 each to validate the data. 
Wherever possible we will reduce the number of repeats planned for the experiments 
above. 

V.3.5.3. Replacement lt is not feasible to use non-animal systems in place of actual 
animal models to address the questions in this project. Rodents are considered 
sentient and hence rodents will be used for screening large number of potential 
radiation countermeasures. Only those drugs that pass the AFRRI criteria for 
significant survival benefit will advance to studies in higher mammals. 
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V.4. Technical Methods 
V.4.1. Pain I Distress Assessment 

V .4.1. i. APHIS Form 7023 Information 

V .4.1.1.1. Number of Animals 424 

V.4.1.1.L1. Column C _ (#of animals). 

V.4.1.1.1.2. Column D _160_ (#of animals). These mice will not be irradiated. 
They wrn be deeply anesthetized, eutnanized, and their tissue harvested as a terminal 
procedure, 

V .4. 1. 1. ~ .3. rColumn E 264 (# of animals). These mice wi II be irradiated and will 
not rece,ive any intervention for pain relief. However, they will be euthanized if found 
moribuna. 

V41114P' Ct . . . , 1 . . a1n a egory A . t ss1gnmen s 
Exo.# Experimental/Control Group 
1 TBI probit 
3 Countermeasure (CM) Screenina ITBIJ 
6 PathophysiolQQY of GI injury 

Shelved exoeriments 
2 n ........ t <:'t;1 ~~~-· , _ ........... :~• ---~ 

4 f2afti(l.~l;x;i~,:1timi~t~f..GM!. 

5 Par-tta·i-afld--tet.al-SOO-Y--9ese-Reeoe:tieA--F-aeter.!. 
Totals: 
* expet1ments shelved (afl crossed out experiments) 
V.4.1.2. Pain Relief I Prevention 

c D E Totals 
120 120 
144 144 

160 160 

Q Q 

0 Q 

() () 

160 264 4.24 

V .4.1.2.1. Anesthesia I Analgesia I Tranquilization The protocol will not use 
analgesics during radiation since they will adverse~y affect the outcome of the 
experiments. The proposed study is to determine the effects of radiation and 
cow1termeasures on the function of the immune and blood forming systems; use of any 
analgesics and anesthetics would interfere with the function of the immune system and 
therefore compromise the interpretation of the results. It is anticipated that at h[gh 
radiation doses, animals will demonstrate varying degrees of morbidity and moribund, 
which makes it critical to define the criteria for euthanizing the animals without 
undermining the study objective. Euthanasia will be performed by trained personnel in 
accordance to the current AVMA guidelines (AMVA Guidelines on Euthanasia, 2013). 

For Experiment 6, mice will be placed in the lsoflurane chamber and delivered a 
metered amount of 5°/o lsoflurane mixed with 100% oxygen untiil all voluntary motor 
movement ceases and the animal is recumbent for 1 O seconds, Anlmafs respiratlion 
rate will be closely monitored through the Plexiglas chamber during induction of 
anesthesia. When animals are recumbent, they will be removed from the chamber and 
their nose/mouth placed in the anesthesia apparatus breathing/gas administration cone 
f:or maintenance of anesthesia at 3% lsoflurane and 100% 0 2. Blood will be collected 
by cardiac stick or from the inferior vena cava (as described under procedures). All 
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personnel will be extensively trained for efficient administration of the agents as well as 
to minimize handling stress. 

Anesthesia for partial body irradiation [PBIJ: This is under discussion with VSD 
based on the time projection for radiation at high doses (12-15 Gy; approximately 30 
min). The Pl will submit a detailed description for the procedure after preliminary 
studies under the aegis of VSD. 

Association AVM. MINA Guidelines on Euthanasia. hnp//wwwavmaora/issues/an!mal wel!are/euthanaslaodf: 
2013. 

V.4.1.2.2. Pre- and Post-procedural Provisions Mice will be housed under standard 
conditions both before and after radiation procedures in accordance with current VSD 
rodent husbandry Standard Operating Procedures (see section V.5). 

V .4.1.2.3. Paralytics N/ A 

V .4.1 .3. Literature Search for Alternatives to Painful or Distressful Procedures 
V.4.1.3.1. Sources Searched AGRICOLA. PubMed, EMBASE 

V .4 .1. 3.2. Date of Search: 05/3012014 

V.4.1 .3.3. Period of Search AGRICOLA: 1975-2004, EMBASE 1974-present 
PubMed-1 950 to present. 

V.4.1.3.4. Key Words of Search Gastrointestinal Radiation Syndrome and pain, 
116)(4) p nd pain, anesthesia and radiation, analgesia, distress, humane. 

V.4.1.3.5. Results of Search There are no alternatives to irradiation. While radiation 
itself does not cause pain or distress, it induces a number of changes in the body that 
alters immune response and destroys hematological and gastrointestinal tissues, 
resulting In opportunistic infections, and multiorgan dysfunction leading to death. It is 
anticipated that animals exposed to high lethal radiation doses will become moribund. 
Unfortunately, literature clearly demonstrates that use of analgesics alters radiation 
response and therefore leads to increase in animal number for better statistical results 
or for iteration of entire experiments. No references were found suggesting distress 
due toltb)(4) l though some changes associated with the pathophysiology of biological 
response to the drug is expected, such as increase in fiber content of GI and therefore 
more stool formation . 

V .4.1.4. Unalleviated Painful or Distressful Procedure Justification Because 
exposure to irradiation is potentially lethal or causes debilitating effects in humans, it is 
ethically impermissible to test the effectiveness of radiation countermeasures on 
human volunteers. Irradiation compromises the immune and blood forming systems 
leading to mortality. The radiation-induced mortality and potential percentage increase 
of survivors over 30 days using potential radiation countermeasures are study 
endpoints for this protocol. Administration of drugs and analgesics is not an option 
since it is well documented that they interact with the immune system which wi ll 
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confuse data interpretation (Galley et al, 1997, 1998). Pain relieving measures are not 
used because such measures may compromise the experimental integrity of the study. 

Galley et al., The effect of midazolam and propofol on interleukin-a from human polymorphonuclear leukocytes. 
Anesth Analg 1998. 
Galley and Webster. Effects of propofol and thiopentone on the immune response. Anaesthesia 1997. 

V .4.2. Prolonged Restraint The experimental animals will receive radiation at a dose 
rate 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be 
irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
02/28/2013;or the latest dosimetry map) using plastic racks. Mice will be inserted into 
the standard radiation boxes just prior to irradiation (-15-30 min of exposure time) and 
taken to the cobalt facility for irradiation. Animals will be restrained for no more than 60 
min and returned to cages at the end of the irradiation period. They will be monitored 
daily (twice a day when necessary) for 30 days and euthanized at the completion of the 
observational period. Although the radiation dose results in mortality on day 1 O post
irradiation, all surviving mice will be monitored for 30 day, to determine the effect of the 
countermeasure. 

V.4.3. Surgery N/A 
V .4.3.1. Pre-surgical Provisions 
V.4.3.2. Procedure(s) 
V .4.3.3. Post-surgical Provisions 
V .4.3.4. Location 
V .4.3.5. Surgeon 
V .4.3.6. Multiple Major Survival Operative Procedures 
V .4.3.6.1. Procedures 
V .4.3.6.2 Scientific Justification 

V .4.4. Animal Manipulations 
V.4.4.1 Animal Identification: Individual animals will be identified by either ear punch 
or tattoos as per VSD policy. 

V .4.4.1. Injections For the oral route, drug(s) will be administered using a 20 G 
gavage needle (Fisherbrand-Animal feeding needles, disposable-sterile, non-toxic and 
nonpyrogenic-20 G, 1 W' length). Non-disposable, metal ball ended, oral gavage 
needles are included as an alternative to the disposable needles. Drug volume will be 
0.2 ml (with a maximum of 0.5 ml). The animal will be restrained in a vertical position to 
align the spine straight. The bulb will be introduced into the mouth horizontally. Using 
the needle as lever, the syringe will be moved into a vertical position and the needle 
dropped down the esophagus into the stomach. The needle contents will be 
administered when the needle hub touches the animal's mouth. All precautions will be 
taken to ensure that the placement of the needle is properly positioned and that the 
animal is not struggling severely. No forceful feeding will be done to prevent perforation 
of the esophagus. 

Irradiation: These will follow the standard AFRRI protocol with mice placed in 
restrainers shortly prior to exposure, irradiation at the cobalt facility and return to VSD 
for further monitoring. Briefly, the experimental animals will receive radiation at a dose 

16 of 22 



rate 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be 
irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
02/28/2013 or current dosimetry map) using plastic racks. Animals will be restrained for 
no more than 60 min and returned to cages at the end of the irradiation period. They 
will be monitored daily (twice a day when necessary) for 30 days and euthanized at the 
completion of the observational period. In case of non-lethal exposures, mice will be 
harvested at specific time-points after irradiation, and tissues collected after terminal 
blood draw. 

Irradiation far PBI is under discussion witri(b><6> lonce the details are 
determined, the Pl will submit an amendment describing the procedure 1or PBI. 

V.4.4.1.1. Pharmaceutical Grade Drugs N/A 

V.4.4.1.2. Non-Pharmaceutical Grade DrugsllbH4
> lwill be tested for endotoxin levels 

if this information is not supplied by the manufacture rs. Physical characterization, 
including osmolality and pH of final solutions will be in the range stipulated by IACUC 
by its policy letter on testing non-pharmaceutical grade drugs (policy #9). We do not 
anticipate filtering the test agent due to the limited availability of drugs, and uncertainty 
as to how much of the drug will be filtered out. However, we will ensure that drug 
preparation is carried out under hygienic conditions (use of PPE, clean surface area for 
drug preparation , use of clinical grade solvents, sterile needles and syringes) to 
preclude contamination of test samples. 

V .4.4.2. Biosamples 
Blood collection: Mice will be anesthetized as described under section V.4.1.2.1 

(anesthesia). Blood draw for hematology is collected either by cardiac stick or from the 
inferior vena cava (IVC). The animals will be deeply anesthetized in the rodent 
anesthesia machine; the tail will be pinched for reflexive movement, indicative of 
insufficient anesthesia. If there is no response, the animal will be moved to the station 
with individual nose cone for continued anesthesia. An incision will be made on the 
right side below the abdomen of the animal, closest to the IVC, the vein exposed and 
blood drawn with a 23 G needle. Simtlarly, cardiac stick will be performed on the 
animal positioned at the platform under anesthesia. The animals will be placed on the 
back, and the skin wet with 70% alcohol. The needle will be inserted under the sterum 
towards the mouse head, and negative pressure applied to the plunger very gently. If 
not blood appears, the needle will be slowly withdrawn so that the needle remains 
under the skin and then redirected in a slightly different direction. In both cases, the 
animals will be immediately euthanized on completion of blood draw by cervical 
dislocation. 

V.4.4.3. Adiuvants N/A 

V.4.4.4. Monoclonal Antibody (MAb) Production NIA 

V.4.4.5. Animal Identification Generally, cage cards will be used to distinguish drug
treated and control groups. Some experiments might necessitate ear punch or 
tattooing by personnel to identify individual animals in a cage. This will be done as per 
VSD policy. 
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V.4.4.6. Behavioral Stllldies NIA 

V.4.4.7. Other Procedures N/A 

V.4.4.8. Ti~§Ue Sharing On approval by IACUC. 

V.4.4.9, Animal By-Products NIA 

V.4.5. Study Endpoint The study end-point for experiments 1-5 is 1 o day mortality 
fol1lowing irradiation. However, if the mice survive past 10·d post-TBI, we will monitor 
survival for 30 days to determine mortality at different radiation doses. 

Since this is a screening protocol, the Pl requests modification of policy#1 O (revised 
July 2014)to score morbidity and determine mortality. The revised scoring sheet for the 
current study has been included as an appendix. 

All scories (5, 6 and 9 from the "appearance" clinical signs) and the amended 
respiratory score are removed following consultation with the AV, because the former 
have never been observed in our studies and the latter, because we do see lowered 
respiratory rates. Mice will only be euthanized if there is a score of 12 in a single 
category. Body weights are not included since there is no clear correlation between 
body weight loss and mortality. Further, we do not anticipate significant bodY. weight 
loss during the course of the study [10 days post-TB I]. Previous publicationsl(b)(4) I 
(bl<41 - escribin surrvival studies did not use body weight as a parameter to determine 
su1rvival Further, other radiation researchers do not use body 
weight loss as a mortality criterion either (Plett et al, 2012). 

However, to adhere to the policy of preventing animal suffering, the Pl will facilitate the 
late PM and early AM checks (not more than 1 O h apart) in addition to the twice a day 
checks during the critical lethality period. All morbid mice will be monitored carefully 
and their conditions scored for documentation. 

The critical period spans between day 5 and 1 o post-TBI. 

Piel! el al .. 201. Establishing a rnurine model of the hematopoietic syndrome of the acute radiation syndrome. Health 
Physics. Vol. 103. 343·355. 

Animals will be will be immediately euthanized when they display abnormal 
breathing, are recumbent, or unable to respond to mild external stimulus by the 
research staff and scored as dead on removal, whi le recorded as euthanized in the 
medlcal records. VSD veterinarians will be consulted for all matters regarding the 
animal we~fare. 

V.4.6. Euthanasia Mice found moribund will be euthanized by C02 inhalation plus 
confirmatory cervical dislocation by investigator/ technician according to the directives 
of the VSD-SOP [Rodent Euthanasia Guidelines] and in accordance with current 
AVMA Guidelines on Euthanasia (AMVA 2013). At the conclusion of the experimental 
time frame, all animals that survived the procedures of irradiation, drug intervention 
and controls, will be sacrificed by C02 inhalation plus confirmatory cervical dislocation 
and their carcasses disposed of according to VSD regulations. 
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V.5. Veterinary Care 
V.5.1. Husbandry Considerations Husbandary practices will be performed as per 
standard AFRAI VSD SOPs. 

V .5.1.1. Study Room As assigned by VSD 

V.5.1.2. Special Husbandry Provisions NIA 

V.5.1.3. Exceptions Mice will be socially (group) housed as described above, except 
when there is a possibility that during survival studies cage mates may be lost through 
attrition and for a period of time the sole surviving mouse may remain singly housed 
until the end o'f the 30-day study. 

V.5.2. Veterinary Medical Care We do not project routine veterinary medical care. 
However, In case of mino' injuries arising from fighting. topical application o~ antibiotics 
is acceptable with consensus from the Pl and VSD. 

V.5.2.1. Routine Veterinary Medical Care Experimental animals will be observed 
daily by either the investigator or technician or both . VSO personnel will monitor all 
animals during their routine rounds as per VSD SOPs. In the course of the study, as 
animals approach morbidity; the research staff observations will be increased to a 
minimum of twice a day, early morning and late afternoon (includes weekends and 
holidays). There is no supportive therapy contemplated since this would compromise 
the experimental results (described earlier in the end point and pain category sections). 

V.5.2.2. Emergency Veterinary Medical Care Moribund animals (gasping, 
recumbent. non·responsive to mild stimulus), will be euthanized by trained personnel. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy: Igloos and huts may be provided to animals but non on 
active experiments. Nestling pads will be provided in each cage during bedding 
changes as per AFRRl-VSD SOPs. 

V.5.3.2. Enrichment Restrictions For active experiments, no igloos or huts will be 
provided, but nestlets will be used. Irradiated animals are considered 
immunosuppressed and hence Pl is of the opinion that Igloos will not be appropriatie. 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

I DEGREE I I I YRSAIOS 
NAME TRAINING DATE I PROCEDURES S:YPERIENCE 

(b)(6) 1, 3, 4b, 5 (b)(S) 

1,34a5 
1 3 4a 5 
1, 3, 4a. 5 
1 3,4a.4b. 5 
1.3 4a.4b 5 
1,3.4a.4b, 5 

Procedure and manlputatlon oOdes. 
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Code 1 = Animal handling and euthanasia 
Code 2= Surgery (aseptic technique) pre· and post-operative care 
Code 3,_ Injections (3a-ip, 3b-sc, 3c-gavage) ·can say 3 if trained in all manipulations or add 3d·iv 
Code 4= Blood collection under anesthesia (4a-cardiac, 4b·posterior vena cava) 
Code 5= Tissue collection (after euthanasia) · doesn't need to be specific 
Code 6 =Implantation (provide details) 
Code 7 =Others· (provide protocol specific manipulations or procedures tor e.g., retro·orbital bleeding, tail vein injection, or drug 
delivery) 

VII. BIOHAZARDS/SAFETY All personnel working in the protocol have undergone 
necessary training in handling experimental animals. The amount of drug used will be 
small and standard safety precautions will be taken while handling them in the 
laboratory and in the vivarium. All personnel listed in the present protocol have been 
trained as general radiation users on a regular basis. All investigators and personnel 
will use appropriate protective gear while in the vivarium as described by the VSD. All 
listed personnel are current in safety training and medical surveillance. 

VIII. ENCLOSURES None 
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X.ASSURANCES 

Protocol Title: Screening Radiation Countermeasures for prophylaxis and 
mitigation of gastrointestinal syndrome ((GI-AAS) in the lab mouse, Mus muscufus. 

As the Principal lnvestigaior on this protocol, I acknowledge my responsibiliiies and provide 
assurances for the following: 

A. Animal Use; The animals authorized for use ln this prorocol will be used only tn the activities 
and In the manner described herein, unless a modification is specifically approved by the IACUC prior to 
its implementation. 

IB. Duplication of Effort: I have made every effort to ensure that this protocol is not an 
unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified Individual who evaruated 
the experimental design with respect to the statistical analysis, and that th~ minimum numMr of animals 
needed for scientific validity will be used. 

0. Biohazard I Safety: I have taken into consideration and made the proper coordinations 
regarding all applicable rules and regulations concerning 1radiation protection, biosafety, recombinant 
issues. and so forth, in the preparation of this protocol. 

IE. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly tratned to 
ensure that no unnecessary pain or distress wiil be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associalted with the performance of this animal use protocol, and I assure that all individuals associated 
with this p:roject wiH demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of the fourth "R", namely, 
''Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
re~iew and is consistent with good scientific research practice. 

H. Painfui Procedure(s): Ii .AM I / AM NOT conducting biomedical experiments, which may 
potentlally cause more t~entaty or slight pain or distress to anitnals. If applicable, potential pain 
and/or distress WILL /Lw.ll.J.J NOT be relieved with the use of anesthetics. analgesics andtor 
Hanquilizers. I have considered alternatives to such procedures: however, I have determined !hat 
alternative procedures are not available to accomplish the objectives of this proposed e><periment. 

l(b)(6) 

Principal Investigator (Printed Name) Principal Investigator {Signature) 
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Clinical Observations with Criteria for Euthanasia (Rodent) 

DATE: 
Appcararn.:e: 

Respiratory Rate: 

Time: Animal ID# Srnre 

Normal (smooth coal, dear eyes/nose) 0 
Hunched and/or fluffed 
Ornlar discharge. and/or edema 3 
Blue mucus membranes/skin (cyanosis}* 12 

Normal hreathing 0 
Change in breathing (an increase or decrease in respiratory r~lte from 1mrmal baseline) 3 
Ahdomin.il bre.ithing (gasping+/- open mouth breathing)* ! 2 

General Behavior: 
Normal (based on hasclinc ohservalions) 0 
Stretching of hind limbs with abdominal motion (writhe) or grimace (App.Band C) 1 
Decreased mohilily 2 
Ataxia, wobbly, weak** 6 
Inahilily lo stand* ! 2 

Provoked Behavior: 
Normal (moves when cage is disturhcd, runs from hand (mice} or investigates (rat}) 0 
Subdued; ri:sponds to slimuliilion (mows away hrisk)y} I 
Subdued even lo stimulation (moves away slowly} 3 
Unresponsive lo gentle prodding** 6 
Docs not right when placed gently on side within 5 scrnml!;* 12 

Regardless of total score, notify appropriate veterinary staff personnel. 
* Regardless of score, immediately euthanizc (dl!ath is imminent). 
Total Score: 
< 6 Normal 
6 - 11 Morbid: Continue to monitor at PM am.I AM checks 
~ 12 Moribund; Notify responsihlc personnel immediately for eutbunu~ia (if no singk criteria is 12*). 

Any single criteria of 12* euthanize immediately: consider as 'found dead.· 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(December 2013) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and 000 instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol tor IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings. all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation tor responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRl Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations no1 covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional informa1ion being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists inctude intellectual property (e.g., concepts, 
ideas, eKperimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the prlnclpal 
investigator or the sponsoring agency. 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

- -
FOR IACUC USE ONLY 

PROTOCOL NUMBER:l(b)(6) I 
Submission Date: 10(17/2014 .200 Resubmission Date: 

Approved!Retutned for Revision: 1114il!Of4 Approved/Approval Withheld by IAcUC; 

1•1 Resubmission Date: i 1i1 ZiZ014 EXPIRATION O·ATE: i112012Ui7 

Approved/Returned tor Revision: 1i/2ii2014 Previous ProtoccM Number (if 1elated) 
SECOND TIER REVIEW 

(if required) 

Soomission Date: Approved/Returned for Revision: 

Approved/Returned ft>r Aevisioo: 2"d ResllbiTlission Date: 

P1 Aesubmission Date: Approved/Approval Withheld: 

NOTES to Pl: 
• To OISPLA Y this Word document's red-text instructions. Rtv1ew View Deteloper 

single-click Word's Snow/Hide button (shown, right), 
located In Word's top-of-page panel (click Word's 
"Home· tab if Show/Hide isn't displayed). 

::: • 1::: • '\:· ~~ tiff II ~ J]I ~ 
-= • =- • 1 !~·1 1~. - · 1 

• To HIDE the red~text instructions, single-click the 
Shiow/t-lide button again. 

Puaorapl'\ 

• For each section and subsection, enter your text into the underlined data field { ) only. Do hot 
make enirles into the red-text instruction LexL Single-click your mouse cursor in the data field, then 
begin typing. 

I. NAME OF FACILITY: Armed Forces Radiobiology Research Institute 

II. PROTOCOL NUMBER: .... l (b-)(6_) ----

Ill. PROTOCOL TITLE; Re-Purposing (R)-3-Hydroxybutyl (R)-3-hydroxybutyrate, a 
ketone ester {or R3-KE) as a Radiation Mitigator in mice (Mus musculus) 

IV. PRINCIPAL INVESilGATOR:l(b)(6) 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent With good scientifie research practice. 

Date 

- Or-

~b)(6) I PhD, LtCol, USA Date 
Head, Scien1ific Research Department. AFRRI 
Telephone l(b)(6) I 
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l(b)(6) 

VI. STATIST1ICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures mat the nwmber of animals used is appropriate to obtain sufficient oata and/or is no~ excessive. 
and the statisifcal design is appropriate for the lntent of the siudy 

_l<b_J<_sJ ________ __.IPhD 
Statistician 
Telephone""'!(b""")"""(6~)----.! Faxj(b )(6) 

Date 

VII. ATIENDING VETERINARIAN: In accordance with Animal Welfare Regulations, ihe 
Attending Veterinarian was consulted in lhe planning of procedures and manipulations that may cause 
more tlhan slight o,r momentary pain or distress, even if relieved by anesthetics or analgesics .. 

l(b)(S) I DVM, L TC, vc, USA Date 
He-ad, Veterln.sr Sciences DepMment AFRRI 
Tele hone b 6 F~xt (b)(6) I 
(b)(6) 

VIII. SAF1ETV OFFICER: This animal us€! protocol r@ceived appropriat€! review for safety and 
bioha<!:ards. (Attach copy of completed AFRRI Form 310. f HS Research Protocol Hazard Analysis) 

Date 

IX. IACUC APPROVAL; This protocol was reviewed and approved by the lnsiitute Animal Cafe 
and Use Committee on _ _ __ _ 

(Date) 

Ph.D. 
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PROTOCOL TITLE~ Re-Purposing (R)-3-Hydroxybutyl (R)-3-hydroxybutyrate, a Ketone 
ester (or R3-KE) as a Radiation Mitigator in mice (Mus musculus) 

PRINCIPAL INVESTIGATOR: 
Fb)(6) I PhD 
Senior Scientist. AFRRI 

l(b)(6) 

SRD/AFRRI 

rb)(6) 

CO·INVESTIGATOR(S): l(b)(6) I 
(b)(6) 

4 of 30 



AFRRI SCIENfJFIC RESEARCH PROTOCOL. NUMBER~l .... (b-)(e_) ___ _. 

I. NON~ TECHNICAL SYNOPSIS 
Radiation mitigators are needed ro protecc milirary personnel from adve.rse effects of radiation 
e:xposute in the event of u nuclear we.upon disa~ter or in ii terrorist aetuck cmployi11g a <liHy 
bomb. A safe and efficadous material that can be delivered afrer. radiation ex osure is needed 
and a variet of ao-ents are being evaluated for their effectiveness (b)(4),(b)(6) 
(b)(4),(b)(6) 

(b)(4),(b)(6) is in the process of developing ;1 medical counter measure mi ti gator, (R)-3-
Hy<llroxybl.ityl (.R)-3-hydroxybutyraie, u ketone ester or more simply called "R3-KE". Thus far 
R3=KE has been shown to be highly effective in preventing radiation-induced cell death and 
decreasing radiation-induced chromosomal damage in in vitro radiation studies when delivered 
pre or post exposure. An i11 l'i\•o radiatio11 lerhality study is neeJed to confirm R3-KE's radiation 
cJamage initigation ability. R3-KE is currenrly beitig smdied in olhe.r laboratories for its potential 
~o treat Alzheirner's disease (AD) and Parkinson's disease (PD) and i1s use resulted in an 
increase in mental acuity and physical performance in tested Special Operations soldiers. It has 
been categorized as generally regartled as safe (GRAS) by the FDA and posse'\ses very low 
clinical tox·icity in human cli11ical t1'ials . .lt:s low toxic;ily in hUfr'l(JnS amt preliminary i11 1'itro 
radiation results make it an excellent ra<.liation mitigation candidate. 

II. BACKGROUND 

11 .1. Backgr.ound 
Radiat.ion mitigators are needed to protect military personnel from adverse effects of radfa1tion 
exposure in the event of a nuclear weapon disaster or in ;i terrorist attack employing a dirty 
bomb. A safe and efficacious materiuJ tlrnc can be delive1·ed ra ·idl a1ld easiJ ; after radiatioti 
ex osure is needed (b)( ),(b)( ) 

(b)(4 ,(b)(6) is in the process of developing a 
medical counter measure 1n.itigator, (R)-3-lf ydtoxybutyl (.R)-3-hydmxybutyrate, a ketone ester or 
more simply caUed "R3-KE". Thus far R3-KE has been shown 10 be highly effective in 
preventing ntdiatim1-induced cell death and decreasing radiation-induced chromosomal damage. 
ill vitro radiation studies when delivered pre or post exposure. An i11 vivo radiation lethality study 
b: needed to confirm J.U-KE's radiation damage mitigation ahility. 

History of R3-KE and Military Use 
R1-KE is a11 organic ester product comprised of one t111it of ~-hyclrnxybutyratc and 1. 3-butane
diol. [n the liver tbe L 3-hurane-d iol is rapidly converted to P-hydro.xyburyrate. R3-KE has 
undergone a battery of sufety tests in both human subjects and in tmimals ( l, 2). lt is a sufe and 
efficac ious compound and has received FDA Jpproval and determined to he Generally Regarded 
As Safe (GRAS). R3-KE was developed for a specific imended military purpose.l(b)(4) I 

(b)(4) 
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Metabolism of Ketone Bodies 
Ketone bodies; il11nuticular, 3°hydroxyburyrate ancJ a1:etom.:eta1e m'e intermedia .. y metubolites 
typically produced from bem-oxidrition of Fatty acids in the liver. During peri<>ds of extended 
fast, as c:irbohydrate reserves become exhausted, fatty acids released from adipose tissue be~ome 
partially oxidized in the liver an<l kctoncs, 3·hydroxy bucyrarc and aceroaccrnrc arc released into 
the blood. Generally blood kctones rise to a few millimob.r (3-7 millimobr) during an extended 
fust. Aside from the Jiver, many physiological systems (e.g. :skeletal und hetut muscle. and 
particularly the nervous system) are capahle of urilizing iketoiles effectively for highly efficient 
energy production (4). Unlike glucose. ketone metabolism is independent of blood insulln 
levels. Kctoncs are transported in the blood and enter into vurious tissues viu the mono
carboxylate transporter (MCT) sparing glucose ·utilization and thereby aide in maintaining blood 
glucose levels. This allows ketones a nolable metabolic advantage for maintaining system 
homeostasis during periods of heightened physiological stress (i.e. traumatic somatic wounds or 
burn injuries) a<> the glucose~insulirt signaling he.comes compromised. 

Medical Uses of Ketones 
Decades of independent medical resemcb have shown that the metabolism of kctoncs, through 
administratfotl of a ketogenic diet (very high in fat and devoid of carbohydrate.), has had 
significant therapeutic advantage in treating cases of juvenile epilepsy (5). One possible 
inecba1)ism is hypothesized to involve a form of modu1ating energy pathways (5). Ketones bave 
also shown significant benefit in a Parkinson' s disease model bv limiti 111g: cellular damal!e 
throuigh mitigating free radical injury (6).l (b)(4) 
(b)(4) 

Ketone metabolism and the antioxidam environment. 
Radiation is wel1 known to involve the production of oxidant species to create reactive oxygen 
species leading to an oxidized cellular e1wiro11111ent and oxidative phosphorylati<rn. The 
metabolism of ketones enhances several me.taholic ontcomes increasing acetyl-coA and 
mitochondria NADH formation while at the same time restoring the NADPH/NADP+, ratio for 
the regeneration of GSH (8. 9). As an electron d<:mor reduced glutathione (GSH) is a major 
cellular ant'ioxidant which can neutra1ize oxygen radicals producing the oxidized GSSG. GSH is 
regeneruted from GSSG via glutalhione reductase and the reductant. NADPH. It is we.ll known 
that ionizing radiation ionizes warer and organic oxygen compounds producing oxygen free 
radicals. Organic oxygen radicals are the pri1nary initiators of biocbell1ical evems leading to 
lipid and protein oxidation. and aberrationi-: in nucleic acid ~tructure in connection with rndiatinn 
exposure. Therefore a compound like R3-KE should be tested for its ability to alr.er radiation
induced damage since mechanistically it appears to trnve significant beoefir to increasing the 
anti-oxidant environment 

Furthermore, the metabolism of ketones has recently been shown to increase both catalase and 
manganese super-oxide dismutase (MnSOD) in tissues, two noted enzymes that are important in 
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resolving oxygen free radicals (JO). These increases have been attributed to increased levels of 
tho trmm:ript,ion foctor FOX03A in cells treated with P-Hydroxybutyrate (JO}. Kefones have 
a.ho b&eil dem(msmnecl to have ltistone deacetylase (HDAC} activit.v ilI vitro and in vivo ( I 0), 
(b)(4) 

l(b)(4) 1rn addittion ro being 
torr:ne.ci by ionizing radiation, tree raclicaJs can be torrnecl by The mitocbondriaJ electron transport 
syscem, the quantitatively most important reaction being rhe non-enzymaric reaction of the free 
rnuical cu-enzyme Q semi-quinone (13). A final med'wn.ism of action may involve a decrease in 
ihe amount of Q semi-qui none by ketones. thL1S decreasing the baseline formation of free radicals 
( 14). 

(b)(4) 
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(b)(4) 
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(b)(4) 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 
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11.2.2. Date Of Search Biomedical Research Database Jun 24, Jun 27 2014 
Projectre.porter: Ju11 24, Jun 27 2014 
PubMed; Jul 22, 1013; Aug 6. 2013~ Jun 24 2014; Jun 27. 2014 

11.2.3. Period of Search Biomedical Research Database 1998-2009 
ProjectReportei- 2009-2014 
PubMed 2000-2014 

11.2.4. Key Words .of Search 
Radiation, ketone ester, mitigator, protector, mouse, rode.tit, oral adminismltion. injection, R3-
KE. (R)-3-Hydroxyhutyl (R)-3-hydroxyhutyrace 

11.2.5. Results of Search 
BRD A search of the BD.R database did not reveal any c1ueries regarding the coinhi11atim1 of the 
keyword~. 1'adlation, ke((me, este1', and rodent. A seatd1 of the word radiatio11 alone resulted il1 
325 entries hut the combination of radiation and ketone yielded none. A search of the word 
ketone olone resulted in 14 entries. Severn! of these involved the studies I referred to in my 
backgmund regarding the use of ketone escer as a meat1s to increase physi<.:a.~ effki·en<.:y arid 
preserve cognitive function during extended periods of extreme stress. 
Project Reporter: A search of the Prqject Reporter chttabasc showed that there are no studies 
funded co evaluate the ketone ester and rndiation . There is one project in which a kctogenk diet 
is used to modify chemo and radio- tumor re.sponse.s (based 011 tumor cell requirements for 
oxidants) but there are no publications cm this fiew study in the P11bMed database. As expected 
there are multiple studies to evaluate radiation countermeasures although none involve the 
ketone ester or ketone compounds. 
P11bMed; PubMed has been sean:bed nu1tierous times; these searches were conducted dtiring the 
preparation of the grant proposal m DMRDP last summer and fall. Howe.ver. l did cor1duct. 
another PubMed search on Jun 24 iutd 271h. The recent searches again indicated that there Hfe no 
publications on the use of ketone ester to modify radiation response in vivo or in clinical trials. 
The k.etone esler is being tested in a clinical crial for Alzheimer's disease (AD) and Parkinson's 
disease (PD) based on the hypothesis rhat it could enhance cellular antioxidant capability. As 
stated in the background. ketone ester has bee.n tested in rodent models for AD and PD. lt was 
al~o tested in ~pccial opernrions soldiers for its ability to increase physical endurance and men~al 
acuicy. 

UL OBJECTIVE I HYPOTHESIS 
This project inter1ds to determine whether R3-KE via oral administration post-radiation can 
mitigate radiation lethality in a mouse model, protect against radiation"induced chromosomal 
<lamagl!-. ameliorate adverse radiation-induced hcnuitopoietic system changes. and increase 
protective cyrokine levels and expression. An in \1ifro stLldy of the effects of R~-KE on gene 
expression using a microarray ge11omics appmach will be done to investigate which gene 
puthwuys are affected by R3-KE but does not involve animal use. 

IV. MILITARY RELEVANCE 
MiJ.itary personnel could be exposed to radiation due to nuclear weapons use. acci<lcBtal 
exposure .. or a terrorist attack. This t.ype of radiation exposure could lead to ~he developmentc of 
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acute radiation syndrome (ARS) and possJbly result ln death to an exposed individual. Currently 
tho ahility for mcd,ica] treatment of personnel post-radiation injury is limited and there are no 
FDA-approved posl-rac.Jiation cout1ten.ueasure.s fot ARS. The focus of th.is propo~al is to test a 
candidate for post~exposure mitigation of radiation injury and would meet the Department of 
Defense need 10 test pose-radiation countermeasures. The candltlare R3-KE, is a safe. food 
s11ppkme1'\l with a.long .shelf-l ife that cou ld easi ly be. cti.ssemimned to large numbers of 
potentially ·exposed military personne.I and/or civihansJ(b)(4) 

(b)(4) 

A two-fold approach to rnltig,ttion of radiation injury shuuld be considered. The first approach 
involves ~he rapid and early deli.very of aradiatior1111itigatol' to anyone suspected of beii1g 
expo~ed: t11e second approach is undertaken afte1· exposi.lre-triage, in a hospital ltxalion of a 
second radiation thernpeutic countermeusure. If this proposal is successful in determining that 
R3~KE is nn effective radiation mitigator, this product coukl ea<.;ily be distributed to farge 
numbers of military personri~l reg<Mdless of their ra<liaiiur1-cxposure status but provide: medi\:i.il 
benefit to those actually exposed. 

This proposal does not dtmlicate research that is being done in a BARDA or HHS funded 
projectJ(b)(4) 
(b)(4) 

Therefore the objective of this project is to progress the cell-based countermeasure studies (see 
prclimin~ry resuHs). to conduct animal-based radiation cmmt~rmeasure and mitigation 
experiments. This will assist the development of safe ancJ efficacious countermeasures for 
micig~1tion of radiation injury. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

V.1.1. 
Pilot Study 

l(b)(4) lwe will .first do a pilot 
study with the R3"KE alone at each dosage to moniwr for any toxic effects, We clo not expecl 
any toxic effects from the R3-KE bas~d on its GRAS approval by lhe FDA and che obs~rvations 
that in human trials am.I rat studies, there we no l'eported or observed toxic effects (I, 2). For our 
111ouse study, we will stait with the lowest dosage ( J 40 mg/kg) and proceed to increasing dosage 
groups (350, 750 mg/kg). R3-KE will be adminii;tered via oral g:avage using AFRRI SOP for oral 
gavage (sec attached SOP). After gavage animals wil.I be monitored for 3br conrinuously an.cl 
then again within 4 hrs (assumed to be approximately 4 pm the day of gavage). Then they will be 
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mo11itored twice daily for the next 6 d11ys: this will be done at approximately 9 am and 4 pm 
daily. This srudy will be comple1ed before any further animal studies are iniciated. After the 
toxicity study is completed, an assessment of the results will be done to detem1ine if the dosages 
need to~ altered from what i:; in this protocol. After 7 days animals will be cuthanized as 
described in section V .4.6 muJ tissues collected al necropsy. Adverse effects are not anticipated 
at these doses baseu Ol'I the human and rat studies ( 1. 2). Tc:n animab per dose will be used (0, 
140, 350, 750 mg/kg). Toxicity is not expected as R3-KE has been te~ted in humans and rars 
without any adverse effects. However, evidence of toxicity would include shivering, motionless, 
lack of drinking and eating. and diarrhea. To assess for toxicity at the time of euthanasia. 7 days 
post R3-KE administration, we i11tend to conduct serum hiochemistry an<l necropiiy in the n1ice. 
Organ weight will he measured and histological ~xaminmion of liver and kidney will be 
conducred. 

PILOTSTUOY 
Dosage Response of Oral KE (NO RADIATION) 

saline 10 

Control Group 

KE (140 mg/kg) 10 

KE (350 mgfl<g) 10 

KE (750 mg/kg) 10 

Total # mice: 40 mice 
Pain Category C: 40 mice 
.Euthanasja hy isoflurane overdose (1-4 % >followed by confirma tion with cervical 
dislocation. 

Experiment 1 

I 

Octe1·m'ine whether IO-KR (01·ally administered post-radhltion) ttrcatmcnt can mitigat~ 
radiation lethality in a mouse nlodel. This experiment will assess the following, a) optimum 
R3-KE d<>sagc required for maximuin radiation mitigation at 8.5 Gy: b) post-radiation 
administrntion of R3-KE and radiation mitigation at varying doses of radiation; c) optimum 
liming of R3-KE administration for optimum radialion mitigation; and d) dose--reduction factor 
for R3-KE. 

Aim I will focus on whether R3 =KE has potential as a rucJio-mitigator of at:ute radiation damage. 
For thi s radiation lethality mitigation srndy, mice will be ex posed to Meo gamma radiation roral 
body irradintion (TB I) and then treated (post- radiation) with R3-KE (ornl gavage) and the 
endpoint will he radiation lethality/survival at 30 days. Radiation dose respon. e effects will be 
examined as well as optimization of dose, dosage level, and timing of administration. A dose 
reduction factor (DRF) analysis will be conducted. This aim is divided into four sub-Aims. All 
animals will be weighed before the experiments begin and will be weighed 3x weekly during: the 
experiments; animal may be weighed more than 3X weekly if their health status indicates it is 
warranted. 
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f'wpose Aim I: To determine if R3~KE orally administered post-radiarion can protect torn! body 
irradiated (TBI) mice from acute radiation lethality. 

Aim la: Assess radiation mirlgatio11 potenrial of varying dosages of R3-KE al 8.5 Gy (0.6 
Gy/min) when ::idministered orally. AFRRl SOP for oral gavage will be used (REF SOP). To 
achieve Aim I a, mice (n .::: 15) will be given R3-KE (ornl gavage; 1.40. 350. or 7-50 mg/kg body 
weight) (SOP V.4.4) in ~ulii1~ 24 hr after 8,5 Gy 611Co whole iirndiatlon (0.6 Gy/min); after 
radiation mic:e will be observed for 30 days for survivaJ. After 30 days, surviving mice will be 
euthanized antl tissues col1ected for analysis. This ra.diation dose was chos~n based on the 
LD50/30 radiation dose of 8.2-8.5 Gy for DBA mice. The experiment will he repcaced for a total 
of 30 mice/group. The results are expected to show which dosage of R3- KE is most efficacious 
at increasing n1diation survival. This dosage will be used in futther expe1imt)nts. The RJ-KE 
dosage1: chose~1 to be tested in this aim will be c.hosen based on the pi lot study. They were nlso 
tentatively i;ekcted based on the safety profile in healthy adult subjeccs (I) and oral 
administrntion in rats (2). Huthanasia by isofluranc overdose (3-5%) followed by confirmaiion 
with cervical dis.location will be used, 

Aim 1 Radioproteclion of Acute lethality by KE 
Airn 1a 

Dt>sage Response of Oral KE at 24 hrs-Post-8.5 Gy 

Saline (No Rad, No R3-KE) 15 (X2) 

Control Group 

KE (140 mg/kg) 15 (x2) 

KE (350 mg!kg) 15 (X2) 

KE (!50 mg/kg) 15 (x2) 

Radloptl>tection Study 

Radiation 15 (X2) 

Radiation* KE (140 mg/kg) 15 (x2) 

Radi~tion + KE (350 mglkg) 15 (x2) 

Radiation* KE (750 mglkg) i5 (x2) 

Tota'I mice 240 

Total # mice: 240 mice 
Pa.in Cat<,-gory C: 120 mice 
Pain Category E: 1.20 mice 
Euthanasia by isuflnranc ovetd()se (3-5 % ) followed by co11firnu1tion with cervical 
d islocati o:n. 

Aim I b: As~ess post-rm.Hat.ion udmiitistration of R3-KE 1Jftd radiatiOl'I nnngation at 
varying doses of radiation. The response of the most efficaciou~ dosage of R3-KE determined in 
Aim la will be used. l o achieve Aim lb, mice will be irra<liale<l with 6<>co rudiation (8.0, 8.5, 
and 9.0 Gy: 0.6 Gy/rnin; TBJ) and orally adminisrcred R3-KE (optimum dosage in saline) post
radi.ation. Mice will be observed fut 30 days after rndiation for survival. These re.suits ate 
expected to delennine the range of R3-KE effectiveness at various l'adiation <loses. Eulhanasin by 
isotlurnne overdose (3-5%) followeJ by confirmation with cervical dislocation. 

Aim 11> 

13 of 30 



Oral Adminis!tatioh of KE and Radiation Mitigation 
at Varying Doses of Radiation 

IH>Gy S.5Gy 9.oGy 

!Radiation + Sallne 15 (x2) 15 (x2) 15 (x2) 

Radiation + KE 15 (x2) 15 (X2) 15 (X2) (optimum mg/kg) 

Total mic~ 180 

Total # mice~ ISO mice 
Pain Cattg<ffy E: 1.80 mice 
Euthanas-ia by isoflurnnc overdose (3-5%) followed by confirmation with cervical 
dislocation 

Aim fr. Determil'1e the optitnmn tutung of R3-KE administration ;.1ftef 8.5 Gy .. The 
optimum timing of oral R3-KE administration post-radiation will be tested using the radiation 
lethality model. Using the optimum dosage of R3-KE detcnnincd in Aim la, mice will be. 
irradiated (6°Co, 8.5 Gy, 0.6 Gy/min) and administered R3-KE ac 1, 8, 12. 24. or 48 hr) post
radi.ation. Mice will be observed for 30 days after radiation for survivJ.L These results are 
expected 1io dete.rff1im: the optimum rtdrr1i11istratio11 time M R3-KE m 8.5 Gy. fa1Char1asia by 
iRotlurane overdose (3-5%) fo1lowed by contirmation with cervical dislocation. 

Alm 1c 

Optimum Timing of i<E Oral Administration After a.s Gy 

1 hr 8 hf 12ht 24 hr 48 tlf 

Rad+ Saline 15 (x2) 15 (x2) 15 (x2) 15 (x2} 15 (x2) 

Rad + KE 
(optimum dose 15 {x2) 15 (x2} 15 (lt2) 15 (x2} 15 (>t2) 

1mriiknl 
Total mice 300 

Total # mice: 300 mice 
Pain Category E: 300 mice 
Euthanasia by isofiunme overdose (3-5%) followed by confirmation wit.b cervical 
disl-Oca ti o.n 

Aim Jd. Determine the dose-r'eduction factor (DRF) for R3-KE. h1forinatiorv 1·egarding 
DRF ii; crucial to ~valuating a potential radiation miligator and provid~s a standard by wh.ich a 
quantitative comparison co other known radiation mitigators can be done. The ORF will be 
determined using tbc optimw11 dosage of R3-KE (Aim la) and the optimum scheduling of RJ
KE administration (Aim le). Mice will he divided into lO groups (15 each); 5 groups will be 
treated with R3-KE (optimum dosage) and 5 groLtps of .saline as control. Mice will be irradiated 
(7.5. 7.75. 8.0, 8.5, and 9.5 Gy) and at the optimum time post-radiation (Aim le) will be orally 
administered R3-KE. These doses are based on preliminary results that the lowest radvation dose 
will re:-;ult in a significant number of survivol's (:>80%) and the highest <lose 100% lethal ity (at 30 
days) (41-42). Three doses were chosen hetween thes~ extremes. After radiati(>n/RJ-KE 
treatment animals will be monitored for 30 days for survival. For calculation of the dose 
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reduction factor. percent mmtality versus radiation dose wi ll be fitted using probit analysis. The 
ORF will be c~tlcu lated as a ratio of the radiation LD50/30 wi th and without administration of 
R3-KE: the srnmlurd error an<l 95% confidence interval will be Jerived u:iing error propagation. 
These results are expected to determine what the ORF fo r R3-KE is. 

ORF Study 

7.5 Gy 7.75 Gy a.oGy 8.25 Gy 9.0 Gy 

Rad+ Saline 15 (lC2) 15 (x2) 15 (x2) 15 (x2) 15 (x2} 

7.5 Gy 8.0Gy 8.5 Gy Q.OGy 9.5Gy 

'Radiation + KE 
(optimum dose 15 (x2) 15 (x2) 15 (x2) 15 (x2) 15 (x2) 

mglka) 

TO'tal mice 300 

Total# mice: 300 n1ic~ 
Pain Category E: 300 mice 
Euthimasia by isoflnrane overdose (3.5%) followed by confirmation with cervical 
dislocation 

The DRF is un important measure of the efficacy of a putative rndioprotccti ve dru g. As 
represented hy the designs of this ex periment. establishing efficacy of such a compound like RJ~ 

KE hy demonstrating a statisticall y significant DRF i~ generally accomplit;hed using 5-7 
radiatjon doses with the lowest dose giving mortality near 0% and the highest dose gi ving 
mo11ality near 100% ( 11 ). Since the R3=KE group is expect~ to result in incrca.<>cd survival. 
higher radiation doses arc needed for the st3tistical analysis. Since the promulgation of the New 
Animal Rule ( 16), it is imperali ve that these efficacy detem1ination be robllsl be.cause the final 
test!\ are done only in animals: human efficacy studies are 1101 ethical or feasible. 

All animali;; will he euthani:wd by an overdose of isollurnnc <mesthesia (3-5%) fol lowed by 
cervical dislocation. Euthanasia will be conducted ns described in section V.4.6. 

Each sub-pa:rt of Aim I involves 15 mkc per group and will be re1>eaU·d for a t-0tal of 30 
mice/group. 

V.1.2; Experiment 2 
Ass~ss whether R3-KE (orally administered post-radiation) treatment earl protect bone 
rrnurow against radintion·induted chromooomul damage. 
Purpose of Aim 2: To determine whether R3-KE (post-radiation) can prevent radiat1on-induced 
chromosomal damage 
Aim 2: It is well known that significant hiological consequences of exposure to radiation include 
cell death. gene mutations. an<l chromosome aherrations. Radiation-induced chromosomal 
Jamage has implications for both acute radiation survi val and development of radiation-induced 
late effects. This aim will assess whether R3-KE can protect bone marrow from radiation 
damage. Chromosomal aberrations in bone IY!arrow <.;ells will be studied al twenty-four hours 
uftcr R~-KE treatment (optimum R3-KE do:.agc, optimum time of administration). Mice will be 
divided into four groups (5 per group) as follows: Group l) No radiation-No R3-KE: Group 2) 
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R3=KE optimum dosage in saline; Group 3) Garn ma radiation (0, 0.5. 1.0. 2.0. 4.0, and 6.0 Gy) 
followed by saline (optimum R3-KE timing); and Group 4) Gamma radiation (0, 0.5. 1.0. 2.0, 
4.0, and 6.0 Gy) followed by R3-KE (optimum dosage, timing post-radiation) in saline. Twenty
two hours after R3~KE treatment animals will be injected i.p. (see Section V .4.4.1) with 0.01 ml/g 
body weight of 0.025% cokhicine and eurhanized aner 2 hrs. The 22 hrs posr-R3KE 
1:1dministrario1) wus chosen bu~ed on previous sruJies by others which showed thut this w~1s the 
optimum time l() allow fot chrornosmnal .:1bem1tions to form post-radiation (17). All animals will 
be euthnnized as described in Section V.4.6. Eurhanasia will be under deep isotlurane anesthesia 
(3-5%); exi;auguination by cardiac puncture, followed by cervical dislocation. 

Metaphasc plates will be prepm-ed from femur bone marrow and approximately WOO 
metaphases (200/animal) will be counted for each group. The sante nun1ber of metaphases per 
animal (200) will be prepared. Aberrant metaphase.s and clifferc11t aberrations, chrnmatid ancl 
chromosome breaks. fragments, rings and dicentrics, will be scored under a light microscope. 
The Pl h ypothe.sizes that d ifforent doses of radiation wi I I induce di ffcrent numbers of aberrations 
and that R3-KiE will decrease the number of aber.rarjons. Results will be presented as percentage. 
aoerram metaphases. Statistii.:al analysis is de.scl'ibed bel()W. These results are expected to 
determine whether R3-KE can protect bone nrnrrow cells from radiation-induce.d chromosomal 
damage. 

Alm 2 Protection of Bone Marrow agalnst 
a at on• nduoed · -hromosome R di I I c· l'.> amaae 

Radiation-1ndueed Chromosome Damage 24 hrs After 
Optimum KE Adi'i'iii'lisiraiion P<nll· Rad 

O.OGy 0.5Gy 1.0Gy 2.0Gy 4.0Gy 6.0 Gy 
~ 

No R:idlNo R3-
5 (x2) KE 

R3-KE 5 (lt'.2) 

Rad +sanne 5 (x2) 5 (x2) 5 {d) 5 (x2) S (x2} 5 (x2) 

Rad+ KE 
(-optimum dose 5 (x2) 5 {x2) 5 {x2) 5 (x2) 5 (x2} 5 (x2) 

and timing} 

Total Mice 140 

Total # mice: 140 mice 
Pah1 Cat.egory D: 20 .nrice 
Pain Category E: 120 mice 
Euthanasia will be isoflurane anesthesia (3-S % ) exsanguination by cardiac puncture, 
followed l>y cervical dislocation. 
There wm be 5 mice/group and th.e experiment will he repeated for a total of 10 mice pe.r 
group. 

V.1.3. Experiment 3 
Measure the effect. ot' R3-KE treatment (oral.ly administered post-1·adiation) on 
.hemato'logkal parameters including blood cell elements (circulating neutrophils, GM-CFC, 
fmd 11>latclets) at timc.'.i post radiation (8 hr to 28 days). 
Purpost' r~l Aim 3: To determine if RJ-Ke treatment post-radiation can increase hematopoieric 
recovery from radiation. 
This aim will assess if R3-K~ cnn enhance hemarologic<.tl cell recovery from radiation exposure. 
Mice will receive a sublethal radiation exposure (6.0 Gy) to increase survivability up to and at 30 
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days posf-radiation. Mice will be divided into four groups: Group l) No Radiation ~No R3=KE: 
Group 2) R'.'.\-KE optimum dosage in saline; Gl·oup 3) Gamma mc..liation (6.0 Gy) + Saline; and 
G1·oup 4} Gamma radilltion (6.0 Gy) followed by R3-KE (optimum dosage. timing post
radiation) in saline. Al the following times ixist=R3~KE treatment (0.3, 1. 3, 7. 14. 2 I. and 28 
days) mice will be eudianjzed (IO/group/day). Blood will be collected as described in Section 
V.4A und 4A.2 using AFRRI SOP on Blood 1.:ollection. Euthtinal'lia will be unde.r deep isoflurune' 
anesthesia (3 -5%); exsanguinarion by cardiac punclllre. followed by cervic.al dislocation (section 
4.4.6). 
Hemarological paramecers (total a11d differential counts) will be determined using: a Hcska 
Hematology Analyz.tr (Hcska. Boston, MA) whicti we have in our laboratory. Otherwise, the 
VSD hematology lab may be used for total and differemfal coums. 

Aim3 
Hematological Parameters Following R3·KE Treatment F'ost•Radlatlo111: 

Blood Element Counts 

0.3 d I 1 d 3d 7d 14 d 21 d 28d 
No Rad 10 (:x2) HI (x2) 10 (x2) 10 (x2) 10 X2} 10 (x2) liO (x2i1 

KE '10Q@ 10 (x2l 10 (x2l 10 (iC2) 10 X2) ~X'.2) 110 (X2}1 
Rad + Saline 10 {.X2) 10 {X2J 10 (X2) 10 {X2) 10 x2) 10 (X2) 'ti (} (X2)1 

Rad"' K~ 10 (x2) f 0 (x2) 10 (x2) 10 (lC2} 10 (x2) 10 (x2) 
I 10 (x2)1 

{o~ timum) 

H>ta1 Mite 560 
Total # mice: 560 mice 
Pain Category D: 140 mice 
J•ain Category E: 420 mice 
Euthanasia wi11 be isnflurane ane~thesia (3-5 % ) ex:sanguination by ~ardiac puncture, 
followed by cervical dislocation. 
There will be 10 mice/group and the experiment: will be repeated t'or a total or 20 
mice/group. 

V.1.4. Experiment 4 
Investigate the cytokine profile in i•ivo indnced by R3·KE treatment (ora.Uy administered 
post~radiation) using a sandwich ELISA (scrum) ~md multiplex Lumincx (proteins) after 
:rad'.i&tion (6.0 Gy). 
Purpose of Aim 4: To deterrnlnc if R3-KE Treatment post-radiatio11 has an effect 011 tyf()kines 
causing un increase in the leveb; of radiation-mitigating cytokines. 

Cytokines and growth fac tors have shown efficacy against radi:ujon injury. Therefore the effect 
of R3-KE administration on cytokines should be examined. Cytokine protein levels will be 
analyzed in mou~e plasma at various time points in relation to R3-KE (optimum dosage) post 
oral administration (0, 4. 24, 48 hr) and/or radiation and will be quantified by mull'iplex 
Luminex. Cytok.ine gene expression wlll be evalnated by semj-qu~mci1acive RT-PCR in bone. 
man-ow ond spleen cells at the same time points as well. These re:rnlt~ will show whether R3'-KE 
affects c.:ytokine levels as a potential mechanism of its action in vivo. Mice wil1 be sublcthally 
irradiated with gamma rndiation 6.0 Gy. At 4, 24. or 48 hr post om! R3-KE administration +/
radi,ation, hlood will be coHected as described in Section V.4.4 using AFRRI Blood collecrion 
SOP and mice wilJ be euthanized as described in Section V.4.6. Controls (NO Rad NO RJ-KE 
will be assessed <IS well. Euthanasia will he under deep isofluranc anesthesia (3-5%); 
exsanguination by cardiac puncture, followed by cervical dislocation. 
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Aim4 
Effect of RJ-KE on Cytokines 

(Cvtoklne Messaue, end Serum l=>roteln Levels\ 
4 hr 
Post 24 hr Post.Injection 48 hr Post Injection 

Injection 48 hr Pos t-Rad 72 hr Post-Rad 

No Rad 10 (x2) 10 (x2) 10 (x2) 
No R3·KE 

RJ·KE 10 (X2} 10 (x2) 10 (x2) 

Rad ( 6.0 Gy) 10 (x2} 10 (1(2) 10 (x2) 

Rad .. R3·KE (Or:>tlmum 10 (x2) 10 (x2) 10 {X2) 
dosaaeltimina 

Total Mice 240 

Total # mice: 240 mice 
f>ahi Catc~ory I>: 60 mice 
Pain Cat~ory E! 180 mice 
Eoth&1nmria wJll be isonurnne anesthesia (3-5%) ~xsanguination by cardiac puncture, 
followed by cervical dislocation. 
There will be lO mlce/group and the exJ>erlment will be repeated for a total of 20 mice ~r 
group. 

For all alms, euthanasia will be confirmed by cessation of the heartbeat and 
breathing. 

Total mice for all Aims/Experiments = 2000 

V.2. Data Analysis 
Statistical Analyses: 
The statistical tests chosen were suggested by Dd._(b_)_(4_J._(b_)(_6_l _ __, _____ ...,....--i 

MNms nnd SE with a significance level at 5% set for each tesc or aim has to be performed. In 
orc.Jer to evaluate the hypothesis set forth and establish a comparison of significance of cJevtation 
from the hypothesis. Fisher Exnct Test will be used. The test can provide rhc significance and 
deviation. The Fisher rest for Variance or the ANOVA which provided the means to nnaJyzc the 
differences between gmup and their as:;ociated proce<lures i.s a suitCJble test to detect significance 
between sampling groups. ANOV A is a test ol' choice to com1xu·c group means and group 
variable!'. Bonferroni and Newm:m-Keuls methods (pairwise comparisons) and Tukey-Kramer 
~omparison fo1· unequal gwup size can be l1scd for identi fying wb ich group~ are different frllm 
each other. When inferential statistics is used such as t-tcst. F tests. ANOVA etc .• to evaluate the 
outt:otne anc.J comparisons, sample size (n} nee<ls to be dietermined to provide sufficie.nt statis!ical 
capability t7or pcrform:mcc. Based on the power analyses the sample size n=IO proposed by the 
investigator is appropriately sufficient to deliver more than 80%, Fisher's cKaat test wi ll be used 
to detect if there is a significant <lifforence acros~ the groups in survival rntes. For Aim Id to 
study the binomial response variables such as the tlrug efficacy or response for treated or non
treated groups studies, 'Probit analyses' can be used which is a powerful method to calculate 
probits, regression coefficient. and confidence intervals. Probil analy~L i): used to analyze many 
kinds of dose-response or binomial response e~periments in a variety of fields. Here the probit 
cun b~ used to record the response 01' the drug ut various Lime points and concentrutions and 
resp<1nse is always binomial and the relation between response an<l concentration/time points is 
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sigmoidal. By plotting the response at diffcrenc ti me poincs and doses. ORF can be calcub tcd as 
tho ratio of the radiation for drug-treated and vehidc-trcatod groups. 

Pilot or Aim# Number per Et'!Clpoint 
group 

Pilot (Assess Toxicity) IO Euthanasia 
Aim In (Assess Dosage of R3KE 15 Survi v~1\ at 30 days 
on Single Dose Rad Survival) 
Airn l b (Assess Effect of 01'Hi11iutti 15 Survival Lil 30 days 
Dosage on Varvin_g Rad Doses) 
Aim k (Assess £ffect of Optimum 15 Survival at 30 day& 
Dosage or1 Timing of RJKE 
Administration on Rad Response) 
Aim Id (ORF smdy with optimum 15 SuFvival at 30 days 
R3KE dosage and optimum timing) 
Aim 2 5 Planned euthanasia at 

(2 femurs 24 hl's post rad/R3KE 
per animal) 

AirY' 3 10 Planned euthanasia 

Aim4 10 Planned euthanasia 

V.3. Laboratory Animals Required and Justification 

V.3. 1. Non-animal Alternatives Considered 

Test Used 

ANOVA 
ANOV A. Fisher-..~ 

Test 
ANOV A, Fisht'l's 
Test 
ANOV A, Pishers 
Test 

ANOVA, Fishers 
Test 
ANOV A, Fishers 
Test 

ANOV A Fishei's 
Test 
ANOV A. Fishers 
Test 

The clevelopmem of a medical countennea~u1·e requires thar it be tested in vitn; and in l'ivo. 
Prior to the development of this DMRDP funded project and this animal use nroMsal R3~Ke was 
iested in vitro for its potenlial effectiveness as a radialion mitigatorl(b)(4) 

(b )( 4) 

(b)(4) lfn vitro studies do not consider physiological faclo:rs which could affecr rhe response to a 
potential radiation mitigator. Therefore an animaJ model is necessary to test the effectiveness or 
RJ-KE as a radiation mitigator. It is the goal of this project however to always keep animal 
welfare as a p1fority af1d tl> use as few as rodents as possible to achieve scientific and statistical 
;iccurncy. 

V.3.2. Arnirmal Model and Species Justification 
The murine model has been widely used for radiation survival studies in my laboratory to 
evaluate 1'adiation exposure aftd a variety of endpoints includinl!. SlLfViva l, radio wtection, 
mili ation, carcino enesis, and biornarker develo ment b 4 
(b )( 4) 

(b)(4) 
assess t 1e e hcacy o a ra 
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necessary infonrwtion regarding physiological responses i.e. cytokine induc[ion. thar a mouse 
model will erovidel!b)(4) I 

r )(4) 

V.3.3. Laboratory Animals 
DBA/2 murine model 

V.3.3.1 . Genus I Species 
Mus muscufus 

V.3.3.2. Strain I Stock 
DBA/2 

V.3.3.3. Source I Vendor 
Taconic, or Chmfos Rive1· (USDA# 14-R-0144) 
Mu lripk vendors available. 

V .. 3.3.4. Age 
6 - 12 weeks 

V.3.3.5. Weight 
15-30 g 

V.3.3.6. Sex 
Male and female. 

V.3.3.7. Special Considerations 
None 

V.3.4. Number of Animals Required (by spec ies) 1960 

V.3.5. Refi nement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 

(b)(4) 

V.3.5.2. Reductio~(b)(4) 
l(b)(4) !Previously published in vivo studies evaluating R3~KIE 
delivered in a ketogenic diet to rodents has enabled us ro assess the least toxic dosage of R3-KE 
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to deliver in our studies thus reducing lhe number of toxicology experiments that would oeed 10 

be done. his also important to note the FDA has already designate.J R3-KE •ts gcncrnlly 
regarded as safe ("GRAS") which also supports the reduced use oJ animals ro esrnblish safet.y 
~md toxicology. This information has enabled us to reduce the number of animals we need 10 use. 
Thh inforrnarion also enables us to avoid dose-ranging C·Xpcrimcnrs which would require the US'e 

of larger numhc,rs of unimuls. 

V.3.5.3. Replacement The use of an animal model is necessary to delermine if a mitigating 
agent can protecc against acute radiation effects and increase survivaL We have already 
conducted in vitro experiments with immortalized human cell I ines to better understalild the 
mechanisms of how R3-KE works; however, tissue culture systems do not conside.r 
physiological factors which could affect survival. Using in vitro studies with the human cell lline~ 

has already replaced the use of some ~nimah; in this study as I described. above. 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

v .4.1.1. AIPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 1960 

V.4.1.1.1.1. Column c 160 (#of animals) 

V.4.1.1.1.2. Column 0 _220_ (#of animals) 

1620 (#of animals) V.4, 1.1.1.3. Column E 

V.4. 1.1. 1.4. Pain Categ_ory Assignments 
EXD.# ExDerlmentallControl Group 
Pilot ToxicitY Pilot of KE alone <no radiation} 
1a Dosaae resoonse of KE +/· Rad 
1b Dose resoonse of Rad +/· KE 
1c Timina of KE +/- Rad 
1d OAF Studv Flad+ KE ,., 
' Bone marrow Protection <Rad +/- KE\ 
3 Hematoloov Study (Rad+/· KEJ 
4 Cytokine Study (Rad +/· KE) 
Totals: 

V.4.1.2. Pain Relief I Prevention 

V.4.1.2.1. Anesthesia I Analgesia I Tranqu i lizatlon 

c D E Totals 
40 40 
120 120 240 

180 180 
300 300 
300 300 

20 120 140 
140 420 560 
60 180 240 

160 220 1620 2000 

AFRRJ SOP on blood coUection via cardiac stick will be done for Aims 2, 3 and 4. First, mice 
will be deeply anesthetized for chis procedure using isollurane (3-5%). Their refkxes wUH be 
tested to ensure they are deeply anestheti r.ed before proceeding. After blood collection, mice wm 
be eutbanized as described in Section V.4.6. 
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V.4.1.2.2. Pn;. and Post·procedural Provisions 
No sm·gery is being conducted. 

V .4.1.2.3. Paralytics 
None will be used, 

V.4.1.3. Literature Search for Alternatives to Pairnful or Distressful Procedull'es. 

V.4. 1.3.1. Sources Searched AltWeb 
PuhMed 
Agricola 

V.4.1,!t2, Date of Search 
Jun 30 2014 
Ju11 30 2014 
Sept26, 2014 

V.4.1.3.3 .. Period of Search 

V.4.1.3.4. Key Words of Search Radiation, nut1gator, pain, alternatives, detllth as an 
endpoint survival study. DBA/2, lethaJity. survival, hematopoietic syndrome. LD50/30, mouse. 
model. pain. suffering. gavage. oral administration. kdone esters. R3-KE. (R)-3-Hydroxybutyl 
( R J-3-h ydrox ybutyrute 

v .4.1.3.5. Results of Search 
Acute radiation exposure can be a painful process due to the decrement of digestive and 
hematological systems hased 011 human studies. The litei'anu·e vei'ifies that developiilg symptoms 
of rndiation illness appears to be painful and is distressful in humans and animals. As was 
indkated in the justification of animal use section, development of a post radiation mitigator that 
is sate and efficacious in humans required testing an animal model. This is partially based 011 

FDA regulations and the use of an animal model in testing a potential radio-mitigator is heynnd 
our .:ontrol ::ind is necessary if we are lo develop mitigaton; for humans. At the earliesc sign ~hat 

the animals are in pain or distress. they will be immediately be considered for a numnne 
euthanizcd and the criterja for euthanasia will be carefully monitored. h1 this project we are. 
ussessing the animals mLlltiple times daily to decrease the amount of time that they might be in 
distress; if we ob1>erve any animal assessed by the scoring sheet to be moribund, they will be 
euthanized. As was indicated ear Her, we have exhausted all preliminary non~anim.a) alternatives 
including in vitro survival and radioproreccion studies using human ce.11 models, 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
IA CUC Policy l 0 will be used to establish early endpoints in experiments with e.arly mortality. 
Experiments I (a, b, c, and d) arc the acute radiation s ndromc studies: tbe doses used in aims 2-4 
(0,5~6 Gy) are not eKpcctcd to induce cleat (b){4) 

l(b)(4) pn experiment: l a signific""a_n_t _ff-ll liiiill""liiiiie1iiii: oiiiit""'· 1iiii1'l""'i.ciiiieiiiiw""1"'·_ .""l biiiieiiii.'""iriiiira'"'"""iaiiiiceiiii(""'i iiiialiiiioiiiiniiiieiiiioiiiiriiiiw'"",t"'"u"'"11--'e 
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irradiated and then receive R3=KE to test ics mitigation abilities. These radiation doses 7.5 ro 9.5 
ure expected to cause death in approx.inrntdy 50 to 100% of the animals by day 30 post radiation 
(withou1 any R3-KE cOllntermeasure). Thete is no pharmacological inrervention/.support planned 
for the radiation alone groups as these groups are needed to provide a radiation control for the 
experimenr. With or without R3-KE adminiscration. chis exposure could cause more than 
momentary llnalleviated pain or distress. To decre11st' any pain or period of discress, after the 
raeiliation or rf1diation + R3-KE, animals will be monitme.d multiple ~imes dc:dly with at least 3 
planned monitoring times for 30 days; additional monitoring times are anticipated to include a 
monicoring time i11 the late evening so that the next monitoring time will he IO hr or less after 
that lute evening monitoring. Animals that uppear morbid will be monitored 3-4X dai~y. 
Monito1ing will include weighing the animals since baseline weights will have already beeh 
established at the stait of the experiment. These animals cannot be give,n uny pl'ophyl:lctic p!~in 
medication for two reasons. I) There is no specific information indicating what dose of analgesic 
would he effective to alleviate the discomfort/distress/pain of hematopoietic ARS in mice and 2) 
Prophylactic analgesia could be corttrai11dicaced ai1d detdmental to the protocol purpose. 

V.4 .. 2. Prolonged Restraint N/A 

V.4.3. Surgery N/A 

V ,4,,3, 1. Pre-surgical Provisions No Surgery 

V.4.3.2. Procedure(s) NJ.A 

V.4.3.3. Post-surgical Provisions NIA 

V.4.3.4. Location N/A 

V.4.3.5. Surgeon NIA 

V.4.3.6. Multiple Major Survival Operative Procedure.s NIA 

V.4.3.6.1. Procedures NIA 

V.4.3.6.2 Scientific Justification N/A 

V.4.4. Animal Manipulations 
I) Permanent individua.l identification for cnch rodent wilf be done prior to tbe srarc of a~ 
experimelilts, LF' ta ttooing is available in VSD and is done by VSD in co-ordination with~ 

l<b)(6) I cattooing wil I be used. U' tattooing is not .available, 
permane11t andividua~ identification using the ear notching method will be used. This method 
relJUire a special tool to punching or notchjng holes at various positions in the ears, this 
techniqlJJe is commonly used in rodents. Procedure will take place under sterile conditioos ini 
VSD after released from quarantine. Manual restraining is required to perform this technique 
2) Animals will receive either administration of sterilized R3-KE via gavage or an f1dminism1tion 
of sterile water via gavagc. Administration will take place under sterile conditions in VSD. Sec 
next section for additional details. 
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3) Animals will be placed in a plas1ic holder for radiacio11. The time in the holder wiU be 
approximately ten minutes prior to rndimion , ten to twenty minutes in the radiation facility. anti 
ten miinutes In the transfer back to VSD. The total time will be approximately 40 minutes. 
Previous experience indicates that this is a good time estimate. The radiation doses in this project 
range from 0.5 Gy to 9.5 Gy. 
4) Oral gavage will be used to administer R3=KE. Prior to the i11itiutlon of ornl ga.vage, a VSD 
veterinarian or designee wHI teview the oral gavage technique of the staff person conducting the 
ornl gavage. fhe AFRRI GLP oral gavage protocol wil1 be use.d to administer the R3-KE. An 18~ 

20 gauge feeding rube will be selccccd. lsotlunme anesthesia may he usoo after consultation with 
VSD staff. The 'v'olumc of the. R3-KE will be 0.15 ml. 
5) Blood collection will be done LlSing AFRRl SOP for cardiac puncture blood collection (see 
attached SOP). 

V.4.4.1. Injections 
The purpose of aim 2/experiment 2 is to measure chromosomal aberrations at 24 hrs post
tadiation. In uirn 2/exper.imem 2, at 22 hrs post-radiation+/- R3-KE, 111ice will. be injected i.p. 
using a 26 gauge needle with 0.0 I mJ/g body weight of 0.025% coJchicine and euthanized as 
descrihed above at 2 hr after colchicine injection. Colchicinc is used to stop cell mitosis in the 
metaphase stage to allow for cht'omosornal assessrrient. lt is <lw"itlg this stage of nuclear division 
that the chromosomes are most condensed and, as a resu]t, visible with a light microscope. 

V.4.4.1.1. Pharmaceutical Grade Drugs None 

V .4.4.1.2. Non~Pha rmaceutical Grade Drugs 
(R)-3-Hydroxybutyl (R)-3-hydrnxytmtyrate. a Ketone ester (or R3-KE) is rated GRAS by the 
FDA anti is available from the NIH; NIAAA. It will be stel'ilizec.J by filte1· (0.·2 n1icrnn filter) prior 
to gavage administrntion. RJ-KE is S{)Jubflized in sterile water (pH 7.4). 

Colchlcine (Sigma-Aldrich Co.) will be used in Aim 2. It is solubilized in sterile water and is pli 
7.2. It wi.11 be sterilized by filter (0.2 micron filter). 

V.4.4.2. Blosamples 
Blood and tissue collection in Pilot study: 
The AFRIU GLP Blood collection SOP will be used. Animals will be deeply anesthetized using 
isoflurane 3-5%. Using a 23-25 gauge neeJle, the cardiac blood will be 1,;ullected to 
exsanguination (1 ml expected). After exsanguination. the animal will undergo ce-rvical 
dislocation as a secondary euthanasia method. 

Blood collection in Aitns 2-4. 
The AFRRI GLP Blood collection SOP will be used. A1li'mals wilJ be deeply anestlletized using 
isoflurane 3-5%. Using a 23-25 gallge needle, the cardiac blood will be collected to 
cxsanguination (l ml expected). After exsanguination, the animal will undergo cervical 
cljsJoc.ation as a secondary euthanasia method. 

V.4.4.3. Adjuvants NIA 

V.4.4.4. Monoclonal Antibody (MAb) Production NIA 
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V.4.4,5, Arnimal Identification Tattoo. Ear notch. and cage card~. Tattoo wi ll bo used if 
available .in AFRRl VSD, 

V.4.4.6. Behavioral Studies None 

V.4.4.7. Other Procedures None 

V.4.4.8, Tissue Sharing At necropsy, tissues will be shared withl(b)(4),(b)(6l 
including brnon and blood. A tissue sharing form will be complete«J....._ ______ __,, 

V.4.4.9. Animal By-Products None 

V.4.5. Study E1ndpoint -
This project h: divideu into 4 aims or ex.periments with different endpoints. 

1) For the pilot study to evaluate R3-KE toxicity, the endpoint will be euthanasia at 7 days 
post R3-KE guvage administration. We <lo not expect to obs~rve an~ signs of toxicity 
after R3-KE administration, however the animals wi1l be euthanized upon observattion of 
morbidity (not expected) or at 7 days. Criteria for toxicity include: shivering, motionless, 
lack of drinking and eating, diarrhea. 

2) For aiml/expetiment l, the endpoint for the radioprotection parts of the study is survival 
at 30 days or euthanasia based upon morbidity and moribundi ty criteria at any point post
radiation for up to 30 days. The prn1x>sc of Aim I/ experiment I is to de~ermi ne optimum 
R3-KE dosage. optimum timing of R3-KE administracion. and the DRF for R3-KE. The 
endpoint of experi1neut I is survival or euthanasia after <J.5 to 9.5 Gy garnma rad~ation 
+/- R3-KE. We hypothesize that a portion of the animals receiving the RJ-KE (via 
gavag.e) will survive the radiation and will survive until 30 Jays post=radiation (8.1 Gy 
which is the LD50/30 for this strain). H is also expected t.hat a portion (approximately 
80%) of the animals that do not receive R3-KE (only sterile water via gavage) will not 
recover fmm radiation (8-9.S Gy) and will nor survive fot 30 days post-radiation 
exposure. Any surviving aninmls will be cutbanizcd at 30 days post radiation for 
necropsy and tissue collection. It is our iment'ion to euthanize any animal posl-radiacion at 
an earlier endpoint to minimize pain and distress. Research staff wrn be trained ta 
differentiate between animals showing signs/symptoms of morbidity (affected with 
tadiation syndrome) and those in a state of moribundity (an irreversible conditrion leading 
lO death). 

3) For aim 2/experiment 2 the endpoint is planned euthanasia at 24 hrs post-radia~ion. The 
purpose of aim 2 is to determine whether R3-KE (posH-adiation) ca11 prevent n1diation
induced chromo:-;omal damage. Chromosomal damage will be measured at 24 hrs post 
radiation after the i.p. administration of colchicine to arrest cellular mitosis. The doses 
used are 0, 0.5, 1.0, 2.0, 4.0, and 6.0 Gy +/- R3-KE and are not expected to induce. 
molbiclity/moribundity withiu 22-24 hrs. Animals will be closely monitored for the 24 hrs 
post-radiarion (3 x during the 24 hr period). 

4) For aim 3/ ex.petiment 3 the endpoinr is planned euthanasia at (0.3, L 3, 7, 14, 21, and 28 
days) post-radiation+/~ R3-KE treatment. The pmpose of Aim 3 is to detennine if RJ-KE 
treatnilent post-radiation can increase hematopoietic recovery from radi.ation. A single 
sublethal radiation dose of 6.0 Gy will be. used and it is not expected that any artirt1als will 
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show morbidity or moribundity at that dose for the duration of the experiment 0 to 28 
days p<:>st-radiation. However, animals will be monitored as previously detailed each day. 

5) For aim 4/ experiment 4, the endpoint is planned euthanasia at (0. 4, 24, 48 ht) posl
radialion -+-/- R3· KE treatment. The purpose of aim 4 is to determine if R3~KE Trea~ment 
pos1-radiation has an effect on cycokines causing an increase in the levels of radiacioni
mitiguting ~ytokines, A single subleth~1l rndiatioi1 dose of 6.0 Gy will be u1'ed and it is ilOt 
expected that any animals wm show morbidity or .inotibtmdity at that dose for the 
duration of the experiment 0 to 48 hr post-radiation. However, animals wiJI be monitored 
as previously detailed each day. 

V.4.6. Euthanasia 
All animals in the Pi lot study and Aim I will be euth:mized by an overdose of isot1urane 
anesthesia (3-5%) given via l:hwnber folluwed by secondary confirmation with cervical 
dislocati(ln, For aims 2-4 animals will be deeply anesthetized with isoflurane (3-5%), rhe11 
euthanized by exsang1•inatio11 by intra-cardiac blood withdrawal followed by secondary 
confirmation with cervical dislocation. If necessary, euthunasia by C02 followed by cervical 
disloc.-ation may he u.,.ed as an alternative method. In all cases, death will be confirmed by 
cessation of the he<trt beat and breuthing. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
Ailimals wilJ be housed no mote th~u1 4 per cage i11 a micro-isoh1tor cage. Al1i rnals will receive 
food and water ad libitum. Cages are changed three times weekly in accordance with the current 
VSD Rodent Hushanclry SOP. Animals will have a 12 hom/12 hour light and dark cycle .. 

V.5. 1.1. Study Room 
Study mom is provided and assigned by AFRRI YSD. 

v.s.1.2. Special Husbandry Provisions 
None 

V.5.1.3. Exceptions 
None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 
Research sStudy personnel will monitor all animals (Exps l-4) 3X daily however as stated 
above, anhnals will be mor-e freq u.ently monitored dttti ng critical periods. The anitnals will be 
individually observed at eal'h observation period and weighed three times weekly or daily during 
the critical period. A necropsy will be perfonned by research study personnel and hematologic,al 
und molecular assessment wiH be nuide. 

If an animal heco1nes ill or debilita.ted during the course of the study (prior to a planned 
euthanasia). the principle investigator and study personnel will use lhe score sheet to assess 
condition of the animal. A detennination of morbidity or moribundity will be made by study 
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personnel: VSD staff may be consulted. When an animatl is determined to be moribund it will be 
cutbanized by research study staff according to sc<.:tio11 "XL C. 7 Euthanasia will be done as 
described in section V.4.6.\ 

Routine vete1inary care will be provideu by VSD as per the standard. SOPs. 

Animals wi11 be evaluated as per the score sheet in Policy to and moribund mice will be 
m.Hh;.mizc<l as desci'ibed in section V .4.6. 

v,s.2.2. Emergency Veterinary Medical Cate 
Emergency verc1inary medical care wi ll include euthanasia (and necropsy) if the unimal meets 
the criteria described in section V.5.2.1 after consultation with a member of the research study 
st.a ff. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
Animals can be given items in accordance with VSD/IACUC policy. 

V.5.3.2. Enrichment Restrictions 
None 

VJ. STUDY PERS<QNNEL QUALIFICATIONS AND TRAINING 
DEGR 

NAME EE TRAINING Ott.TE PROCEOURES 
(b)(6) 1,3,5, 

1,2,3,4,5, 7 

1 

1,3,5 

Procedure and ma111pu1at10t1 codes: 
Code 1 = Anlfftal tlandl'ing end euthanasia 
Code 2-= surgery (aseptic technique) pre- and post-operative care 
Code 3,. Injections (3a-ip, 3b·sc, 3c·gavage) - can say 3 if trained in all manipulations or add 3d·iv 
Code 4= !Blood collection under anesthesia (•fa-cardiac, 4b-posterior vella cava) 
Code$= T'issue collection jatter euthanasia) • doesn't need to be specilic 

YRS/MOS 
EXPERIENCE 

(b)(6) 

Code 6 "' hnplaniation (provide detaiis} 
Code 7 = Others - •[provide protocol specific manipulations or procedures for e.g. , retro-orbital bleeding, tail vein injection, or drug 
delivery) 

VII. BIOHAZARDS/SAFETY N/A 

VIII. ENCLOSURES 
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X. ASSUIRANCES 

Protocol Title~ Re-Purposing (R)-3-Hydroxybutyl (R)-3-hydroxybutyrate, a Ketone 
es·~er (or iR3-KEJ as a Radiation Mitigator in mice (Mus musculus) 

As the Principal Investigator on tnis protoool, I acknowledge my responsibilities an(J provide 
assurances for ihe following: 

A. Animal Use: The animals authOrized for use in this protocol will be used only in the ac~ivities and 
in the manner described herein. unless a modification is specifically approved by the IACLJC prior to its 
implementation. 

B. Duplleatitm o' Effort: I have made every effort to ensure tha1 this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure ihat I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed f,or scientific validity will be used. 

o. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth, in the preparation of this protocol. 

E. Training: I verlfy that the personnel performing the animal procedures I manipulations I 
observations deseribed In this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Resporlsibllity: I acknowledge the inhe(ent moral. ethical and adrt1inistrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort. welfare, and well-being of the 
research animals. Additionally, I pledge to conduct this study in the spirit of the fourth "ri", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. SclenUfic Review: This proposed animai use protocol has received appropriate peer scientific 
review and Is consistent with good scientific research practice. 

H. Painful Procetfore(s): I AM I AM NOT conducting biomedical e;cperiments, which may 
potentially cause more than momentary or slight pain or distress to animais. It applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to suah p(ocedures; however. I have detefmined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

l<bl(5) I PhD 
Principal l1nvestlgatot (Printed Name} Principal Investigator (Signature) (Date) 
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PROT10COL T1ITLE~ Advanced Development of Gamma-tocotrienol as a RadliaUon 
Countermeasure in Nonhuman Primates (Macaca mulatta) 
PRINCIPAL INVESTIGATOR: 

fi I Ph.D. I 
Radiation Countermeasures Program, AFRRl._P_>r5_> -~ 
Tel !<6)i6) It.ax f6>i6> I 

Date 

l(b)(6) I 

CO-INVESTIGATOR($): N/A 

AFRRJ SCIENiJFJC RESEARCH PROTOCOL NUMBER: .... f6)_{6) ___ _ 

I. NON-TECHNICAL SYNOPSIS 

In the event of radiological or nuclear exposure (i.e. a "dirty" bomb. or a nuclear 
accident), medical care would be focused on treatment of acute radiation syndrome 
(AAS), also known as radiation toxicity ot radiation sickness. Exposure of mammals to 
total body ionizing radiation (TBI) can lead to lethal ARS. The cause of death depends 
on the radiation dose. The lowest lethal doses cause death by severe hematopoiefic 
injury which leads to increased risk of sepsis due to a suppressed immune system, and 
hemorrhagic events can occur due to depletion of platelets (thrombocytopenia). As the 
radiation dose escalates, symptoms of a compromised immune and coagulation system 
persist, along with addition of damage to gastrointestinal (GI) tract. The impaired 
integrity of the GI epithelium further increases the rtisk of bleeding, dehydration and 
sepsis. The increase in radiation dose involves injury to other tissues (lung, skini, ki:dney, 
etc.) making the situation less and less medically manageable, and ultimately incurable. 
We plan to assess gamma~tocotrienol (GT3) as a radiation countermeasure ag1ainst the 
hemat,opoietic and GI syndromes of A~S. This study will employ a well-defined, 
nonhuman primate (NHP) model in order to assess the countermeasure's efficacy 
(increased survival) against different doses of radiation and mechanism(s) of action for 
hemat,opoietic and GI rescue. 

II. BACKGROUND 

11.1. Backgr1ound 

Although the search for radiation countenneasures for ARS was initiated more 
than half a century ago, no safe and effective radiation countermeasure has been 

~roved lby the United States Food and Drug Administration (US FDA} for the AHS 116)(a) 

~ost recently. natural products have been investigated for prevention and tlherapy of 
human diseases because they are 'generally recognized as safe' and appropriate for 
medicinal purposes. Unlike their synthetic analogs.f y are well tolerated and minimally 
toxic, ev,en in the. upp~r ra~ges of dietary intake (3, .. Vitamin ... E. represeot~ ... aJamUYPL ..... ~?..l~4l ... 
compounds that 1s d1v1ded into two subgroups calle • tocopherols and tocotnenols, 
which act as important antioxidants that regulate peroxidation reactions and control 
free-radical production within the body (5, 6). This family ot compounds has eight 
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dif~erent isoforms that belong to two categories: four saturated analogues (a,~. y, and 
8) called tocopherols and four unsaturated analogues referred to as tocotrienols. These 
8 components are collectively known as tocols. T ocopherols and tocotrienols share 
common structural features of a cnrornanol ring and a 15-carbon tail at the C-2 position 
derived from homogenistate and phytyl diphosphate, respectively. Tocotrienols differ 
structurally from tocopherols by the presence of three trans-double bonds in the 
hydrocarbon tail. The isomeric forms of tocopherol and tocotrienol are distinguished by 
the number and location of methyl groups on the chromanol rings. Recent studies 
suggest that both the molecular and therapeutic targets of the tocotrienols are distinct 
from those of the tocopherols. A number of studies have shown that tocotrienols are 
superior antioxidants compare to tocopherols ( 1, 7-10). 

Gamrna-tocotrienol (GT3), one of the eight isomers (tocols) of vitamin E, is a 
potent inhibitor of HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) reductase (11, 
12). Its antioxidant activity was a compelling reason to evaluate it for radioprotective 
etflcacy; in r,ecent years, it has received a great deal of attention by researchers and 
appears to be one of the most promising radioprotective tocols tested to date. GT3 has 
been shown to increase survival in rodents, through the a.melioration of· the 
hematopoietjc and GI syndromes. When administered 24 h before 6°Co y-irradiation, 
GT3 significantly protected mice against radiation doses as high as 11.5 Gy, and its 
dose reduction factor (ORF) as a rlf61tl~]rotector (24 h before irradiation, 200 m~/kg, 
subcutaneous route, sc) was 1.29 GT3 demonstrated dose response against 
dififerent doses of radiation used. GT3 treatment accelerated hematopoietic recovery as 
judged by higher numbers of total white blood cells, neutrophils, monocytes, platelet.,,..s;..,.,., _ 
and reticulocytes in p_eripheral blood ~and enhanced hematopoietic progenitorsfb><4> 
in the bone marrow (BM) of irradiated mice. Additionally. GT3·treated irradiated mice 
had higher numbers of colony-forming cells. more regenerative microfoci for myeloid 
and megakaryocytes, higher cellularity in BM, and reduced frequency of micronucleated 
~rocytes compared to vehicle treated mice compared to irradiated vehicle controls 
~ Mouse survival studies with GT3 suggested the most efficacious time for drug 
administration was 24 h prior to irradiation, possibly due to the induction of key 
hematopoietic cytokines during that time frame. GT3 treatment resulted in significant 
induction of granulocyte colony-stimulating factor (G·CSF) and several other cytok~nes 
in mice; administration~ antibody completely abrogated the radioprotective 
efficacy '.of GT3 in mice~ GT3 mobil.ized progenitors in peripheral blood ~~nd 
transfusion of such jl~~d,I ~nnched progenitor cells also was capable of protecting mice 
against 1-flrradlation b { J 

These results prompted us to evaluate GT3 against ionizing radiation in NHP 
model in a pilot study. We evaluated GT3 pharmacokinetics and efficacy using different 
doses of drug and radiation. Our results demonstrate promising radioprotective efficacy 
of GT3 in NHPs. 
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Three drug doses (9.375, i 8. 75 and 37 .5 mg/kg, n = 4 for each group) were 
selec~ed tor pharmacokinetics {PK) studies based on earlier efficacy and toxicity studies 
conducted in the murine model. Each dose was administered sc to 4 NHPs and blood 

samples were collected: at 
Pharmacokinetlc parameters of GT3 in rhesus macaques various time 

Do:.e c.nax 

(mg/kg) (ng/ml) 

9.375 734.9 

18.75 997.4 

'37.5 11 42 

study data ar·e 
presented 
below 
displaying 
maximum blood 
plasma 
concentrations 
(Crnax), the time 
at which Cmax is 

T max T in AUC Cl 

(h) (h) (µg*hhnl) (i'nl/h/kg) 

2 30.4 26.192 03 58 

8 34.6 43:114 0.429 

12 40.9 82.225 0.456 
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previous 
observations 
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(MAT) for the Figu"' 1. Ett&ct •of Gnon cac in i rradi3ted i'IHP&e~pos•d to s.a Gy and adminiS1ered 37.5 mg/kg GTl. Gn was 6dmini•ter•d 
various doses -"C ~4 h J,Oor io (nadi•ilo~ Q~d bioi0<i • •01fA"" w~ro <:oll~ci~d ol voriQ;,. iiono poll>lli lo ffllol1<>1l io irroOi•iiQ~ !Qr ¢~C a1lOly•i~. 

of GT3 that were administered. 

Pilot efficacy study in NHP: The NHPs (n = 4) treated with 37.5 mg/kg GT3 had a 
higher level cf WBCs beginning at d 16 post-irradiation compared with vehicle control, 
this differ1ence became significant at d 21 post-irradiation and continued inconsistently 
until d 38, by which both groups average WBC !eve.is returned to pre-exposure levels 
(figure 1 ). These same NHPs had a higher number of neutrophils beginning at 15 d 
post-irradiation and had a faster recovery from neutropenia. The GT3-treated group was 
considered neutropenic from d 6-16; the vehicle-treated group was neutropenic from d 
6-20. The reticulocyte response curve for the 37.5mg/kg NHPs closely resembles the 
response curve for those treated with the vehicle. Only at 3 days post irradiation was 
there a significant difference between treatment groups, Though, the platelet coU1nts for 
the GT3-treated NHPs were also higher, there was no significant difference betweern the 
two treatments. 
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vehicle 
treated NH Ps 
at day 14; ~his 
improvement 
was 
significant at 
day 15 and 
continued 
until day 24 
when !both 
groups' 
counts 
relurned rn 
normal levels 
(fugur1e 2) .. 
Additionally. 
GT3-trea~ed 
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aoc,elerated 
recovery from neutropenia and remained in a state of severe neuHopenia tor one day 
compared to the vehicle-treated NHPs (6 days). The GT3-t1reated ,group recovered 1rom 
neutropenia on d 15 compared to the vehicle-treated NHPs recovery from neutropenia 
on d 20. NHPs treated with 75 mg/kg clearly had improved r1eticulocytes recovery 
compared to the vehicle treated group by d 16 posHrradiation; ~gnificant difference by 
treatments ranged from d 19 to 22 post-irradiation. The GT3-treated NHPs had 
significantly higher platelet counts than the vehicle-trea1ed NHPs from d 15-28. The 
GT3-treated group did not become thrombocytopenic whereas the vehicle group was in 
a state of thrombocytopenia from d 12-16 post-irradiation. 
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vehicle group. GT3-treated NHPs had significantly higher neutrophil counts than the 
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vehicle-treated NHPs continuously from d 14-30. The GT3-treated group was 
considered neutropenic from d 3-14, whereas the vehicle-treated group was in a state of 
neutropenia from d 5-19 and was considered severely neutropenic from d 10-17. 

These exciting preliminary results of the pilot study demonstrate an 
unprecedented promise of GT3 as safe, well-tolerated, highly effective radioprotector 
(i.e. given before irradiation). Therefore, we decided to develop GT3 as a FDA approved 
radiation countermeasure for human use. The ultimate goals of this proposal are (1) to 
characterize in detail the radioprotective potential of GT3 against radiation exposure in 
NHPs; (2) to evaluate GT3's capacity to accelerate hematopoietic and GI recovery in 
irradiated animals exposed whole-body as well as with partial-body exposures and, (3) 
to evaluate in the NHP model a select number of potential biomarkers for GT3's 
radioprotective efficacy. 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 

BRO: DoD Biomedical Research Database 
PubMed: United States National Library of Medicine 
FEDRIP: Federal Research in Progress Database 

11.2.2. Date of Search 

9/23/2014, 1/2/2015 (latest search results are given) 

11.2.3. Period of Search 

BRO: 1998-2014 
Pubmed: 1965-2014 
FEDRIP: 1992-2014 

11.2.4. Key Words of Search 

1. Gamma-tocotrienol 
2. Gamma-tocotrienol and radiation 
3. Gamma-tocotrienol and irradiation 
4. Gamma-tocotrienol and drug delivery 
5. Gamma-tocotrienol and cytokines 
6. Gamma-tocotrienol and radiation countermeasure 
7. Gamma-tocotrienol and radio protection 
8. Gamma-tocotrienol and primates 
9. Gamma-tocotrienol and primates and radiation 
10. Gamma-tocotrienol and pancytopenia 
11. Gamma-tocotrienol and hematopoietic cells 
12. Gamma-tocotrienol and radiation and hematopoietic injury 
13. Gamma-tocotrienol and bone marrow 
14. Gamma-tocotrienol and crypt count 
15. Gamma-tocotrienol and GI syndrome 
16. Gamma-tocotrienol and neutropenia 
17. Gamma-tocotrienol and thrombocytopenia 
18. Gamma-tocotrienol and biomarker 
19. Gamma-tocotrienol and biomarker and G-CSF 
20. Gamma-tocotrienol and G-CSF and non-human primate 
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21. Gamma-tocotrienol and acute radiation syndrome 
22. Gamma-tocotrienol and GI syndrome 

11.2.5. Results of Search 

Literature Search for Duplication 
# Keywords of Search Literature Sources and Periods of 

search 
BRO: PubMed: FEDRIP: 
1998 - 2014 1965-2014 1992 - 2014 

Results of Search 
1 Gamma-tocotrienol 18 298 1 
2 Gamma-tocotrienol and radiation 17 31 4 
3 Gamma-tocotrienol and irradiation 17 18 1 
4 Gamma-tocotrienol and druQ delivery 2 6 0 
5 Gamma-tocotrienol and cytokines 7 29 0 
6 Gamma-tocotrienol and radiation countermeasure 11 4 0 
7 Gamma-tocotrienol and radioprotection 10 11 2 
8 Gamma-tocotrienol and primates 2 126 0 
9 Gamma-tocotrienol and primates and radiation 2 6 0 
10 Gamma-tocotrienol and pancvtopenia 2 1 0 
11 Gamma-tocotrienol and hematoooietic cells 9 7 1 
12 Gamma-tocotrienol and radiation and hematopoietic 9 5 1 

injury 
13 Gamma-tocotrienol 15 8 3 
14 Gamma-tocotrienol and radiation 2 0 0 
15 Gamma-tocotrienol and irradiation 3 1 0 
16 Gamma-tocotrienol and drug delivery 3 3 0 
17 Gamma-1ocotrienof and cytokines 3 1 0 
18 Gamma-tocotrienol and radiation countermeasure 4 17 0 
19 Gamma-tocotrienol and radioprotection 1 1 0 
20 Gamma-tocotrienol and primates 1 0 0 
21 Gamma-tocotrienol and primates and radiation 5 2 0 
22 Gamma-tocotrienol and pancvtopenia 3 1 0 
None of these searched references address the questions to be tested in this protocol. 

Some related studies with GT3 have been conducted in mice however; none 
have been conducted with the refined formulation proposed in this protocol or using the 
NHP model. Studies in mice are helpful in that they have proven the principle that GT3 
is prophylactically useful in managing morbidity and mortality in lethally irradiated 
animals. These results seem to demonstrate an unprecedented promise of GT3 as safe, 
well-tolerated, highly effective radioprotector (i.e. given before irradiation). Therefore, 
we decided to develop GT3 as a FDA approved radiation countermeasure for human 
use. There are no references of using gamma-tocotrienol in the NHP model for radiation 
protection. 

Ill. OBJECTIVE I HYPOTHESIS Tocols protect mice against lethal y-irradiation when 
administered by sc injection 24 h prior to irradiation. It is also found to be efficacious in a 
pilot study in NHPs against different doses of radiation when administered 24 h prior to 
radiation exposure. Specifically, we hypothesize that: 1) GT3 will enhance survival in 
NHPs exposed to different doses of radiation since we have observed significant 
improvement in neutropenia and thrombocytopenia in a pilot study using NHPs exposed 
to 5.8, 6.5, and 7.2 Gy whole body radiation. 2) GT3 is effective through sc route 3) GT3 
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will be effective against partial-body radiation exposure similar to its efficacy against 
whole body radiation exposure. GT3 will accelerate recovery against radiation injury to 
hematopoietic as well as GI i njury~induced by whole body and partial body radiation 
exposures. G-CSF (and interleul<in-6; IL-6) in conjunction with CBC may serve as 
efficacy biomarkers for GT3 in NHP. 

IV. MILITARY RELEVANCE 

Currently, there are no FDA approved pharmaceutical agents that can prevent or 
treat injury from external ionizing radiation. The problem has become more acute in 
recent times due to the unpredictable nature of terrorist attacl<s. Recognizing this urgent 
need, the U.S. Department of Defense has assigned top priority to the "development of 
medical countermeasures to radiation exposure" against both early and late ar[sing 
health effects. Advanced development of radiation countermeasures are currently an 
unfunded requirement. These concerns imply the urgent need to develop an appropriate 
countermeasure for radiation injuries potentially sustained by war fighters during combat 
operations and enable commanders to make judicious decisions in troop deployment. 
There are several drugs at different stages of the development. This study wiH perform 
essential research and development of a promising agent (gamma-tocotrienol (GT3), a 
component of vitamin E, also known as a tocol) as a prophylaxis for potential injuries 
sustained by military personnel who have been accidentally exposed to ionizing 
radiation. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

~31~J(il 'I L___ ~l(b;)(d~) ==========::;-~ . 

i 
of GT3 (t>><4J 

Test fo1· skin btita.tm:n and 
iPK/PDtrox~ityiH 4NHPs from 

AFRRJ h.'oldincp rotocol 

Results will be 
co nun wticatell to 

IA.CUC 

9 of 34 



We propose to carry-out the following experimerHs to test new preparation of 
GT3 ·from another vendor, identify biomarkers for GT3, investigate efficacy and also 
investigate hematopoietic and GI accelerated recovery of irradiated animals by 
treatment with GT3. Details of subsequent experiments will depend on results obtained 
in previous experiment 

V, 1.1 . Experiment 1. Investigate the pharmacokinetics/pharmacodynamios/toxicity 
of new batch of GT3 from (<bJ<4) !when administered so 

fhe new batch of GT3 (prepared in 5% Tween 80 and $aline)f
0 k4

) ~ill be 
tested in four NHPs (obtained from Veterinary Science Department holding/training 
protocol) for PK/pharmacodynamics (PD)/toxicity before initiating efficacy study in next 
experiment. This study will be conducted in un=irradiated NHPs lo determine the 
complete blood chemistry (CBC), biochemistry, cytokine and protein micro array 
(proteomics}. Blood draw schedule tor PK study has been given in tat:Jle # 1. GT3 levels 
in blood will be determined by mass spec as performed earlier in our collaborator's 
laboratory. Skin irritation will be closely monitored. After the last bleed on day 20 and 
completion of experiment 1, animals will be transferred to the holding protocol of the 
Veterinary Science Department (VSD). 

Table 1 Blood 1collection schedule for tests discussed above 

GT3dose Time of For PK For Fdr For For Gene Total 
mgikg blood 0.5ml CBC, Cyto Chem 0.5 array blood, ml 

draw 0.5ml 0.5ml ml 0.5 mil 

0 -7d + + 1.0 

0 · 3d + + + + 2.0 

0 ·1d + + 1.0 

37.5 0 day of 
Injection) 

0.25 h + + 1.0 
0.5 h + + 1.0 
1.0 h + + 1.0 
2 h + + 1.0 
4.0 h + + 1.0 
8.0 h + + 1.0 
12.0 h + + 1.0 
1 d + + + + 2.0 
2d + + + + 2.0 

3d + + 1.0 

4d + + + 1.5 

5d + + 1.0 
6d + + 1.0 
7d + + + 1.5 

10 d + + + 1.5 

14 d + + + 1.5 
20 d + + + + 2.0 

On dav o. the blood collection volume will be 7 ml, over 1 % of the animai;s total blood volume. 
We will be well w1thm the acceptable published blood collectton volumes ( 19) that are followed at 

AFRRI. According to these guidelines 1 % blood (2.2 ml per day lot 4 kg NHP - minim um body weight of 
experimental NHP) can be withdrawn every 24 h. Up to 156

/,, of circulating blood volume can be drawn in 
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a single day repeated every 4 weeks in normal healthy animal. For the entire span of the study, the total 
blood drawn (26 ml} will be well below the recommended maximum limits (32 ml total, 15% of total blood 
volume in a 4 kg animal over a period of 28 days). Each NHP weight will be different and that fact will be 
kept in mind while blood drawing. 

V.1.2. Experiment 2. Investigate the radioprotective efficacy of GT3 in NHPs using 
different doses of whole body radiation exposure using large sample size 

Following experimental set up and NHP distribution scheme will be used: 

Two groups of NHPs (16 NHP per treatment group; 8 males+ 8 females, totaling 
32 NHPs) will be irradiated with 5.8 Gy total body irradiation (expected to be LD301Go) 24 
h after single sc injection of either vehicle (5%1 Tween 80 in saline) or 37.5 mg/kg GT3. 
In another experiment, other two groups using, the same number of NHPs will be 
exposed to 6.5 Gy (expected to be LDso1Go) total body irradiation, 24 h after single sc 
injections of 37.5 mg/kg GT3 or vehicle. NHPs will be observed for 60 d following 
irradiation, while monitoring survival and multiple clinical and laboratory parameters 
such as CBC, blood chemistry, citrulline, and cytokine level. Total number of animals: 
64 NHPs (16 NHPs in each group x 2 groups x 2 radiation doses). 

Table 2. Efficacy of GT3 in NHPs using large sample size 
NHP# Dru a Route Dose Frequency Irradiation dose (Gy) 

16 GT3 SC 37.5 mg/kg 24 h prior to irradiation 5.8 
16 Veh SC 37.5 ma/ka 24 h prior to irradiation 5.8 
16 GT3 SC 37.5 mg/kg 24 h prior to irradiation 6.5 
16 Veh SC 37.5 ma/ka 24 h prior to irradiation 6.5 

For GT3 or vehicle, the administration volumes will be in accordance with Diehl et al, ( 19}}, sc injection 
volume for rhesus macaques is 2 and 5 ml/kg (good practice and maximum vo!ume, respectively). Exact 
dose will be calculated based on animal body weight and drug concentration. We expect that drug 
administration volume will be within good practice limits and we may not need to use maximum volume 
allowed. 

Table 3. Blood collection schedule for experiment 2 

GT3 dose Time of CBC 
Cytokine/Bio Biochemis 

Bacteremia Citrul!ine Total 
mg/Kg blood draw 0.5 ml 

markers try 
1.0 ml 0.5 ml blood, ml 

1.0 ml 0.5ml 
-7d + + 1.5 

-3d + + + 2.0 
-1 d + + + 2.0 

GT3/vehicl 
37.5 mg/kg e injection 0 

day-1 

Radiation 
(Total 2.0 

Dose 5.8 or Day 0 
ml on day 

O,see 
6.5 Gy 

below) 
4h + 1.0 

Bh + 1.0 

12 h + + 1.5 

Day 1 + + + 2.0 

Day 2 + + + 2.0 

Day4 + + 1.0 

Day 6 + + 1.5 
Day 8 + + + 2.0 
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Day 10 + 0.5 

Day 12 + 0.5 
Day 14 + 0.5 
Day 16 + 0.5 
Day 18 + 0.5 

Day20 + + 1.0 
Day 22 + 0.5 
Day24 + + 1.5 
Day26 .j. 0.5 
Da}' 28 + + + 1.5 

Day30 + 0.5 
Day34 + T 1.5 
Day38 + + + 1.5 

Day42 + + 1.5 

Day 50 + + + 1.5 

bay 60 + + + 1.5 
We will be well within the acceptable published blood collection volumes ( 19) lhat are followed at 

AFRRl. According to these guidelines 1% blood (2.2 ml per day for 4 kg NHP = minimum body weight of 
experimental NHP) can be withdrawn every 24 h. Up to 15% of circulating blood volume can be drawn in 
a single day repeated every 4 weeks in a normal healthy animal. For the entire span of the study, the total 
blood drawn (33 ml) will be well below the recommended ma)(imum limits. 

V.1.3. Experiment 3. Study of hematopoietic and GI injury~ accelerated recovery, 
and efficacy biomarkers in NHPs administered GT3 

fhe GT3 used in experiment 2 will be used tor this experiment Two different 
experiments will be conducted for studying hematopoietic and GI injury accelerated 
recovery by GT3 administration. For both experiments, 8 NHPs will be used for eaclh 
treatment (GT3 and vehicle; 5°/o Tween 80 in saline). These NHPs are being sub
distributed into smaller groups as stated in table 4. The experiment will be initially 
conducted using whole body exposure and then repeated with partial body e><posure 
with LINAC. Total 64 NHPs for this specific aim (8 animals per group x 2 groups x 2 
experiments for GI and hematopoietic injury models x 2 experiments for whole body and 
partial body radiation exposures}. 
Table 4.Hematopoietic and GI injury in NHPs administered GT3 or vehicle 

Hematopoietic Studv (Whole bodv irradiation) 
NHP# Drug Route Dose Frequency Irradiation 

Dose (C3y) 
4 GT3 Sc 37.5 mg/kg 24 h prior to 4.0 

irradiation 
4 \/eh Sc 37.5 mg/kg 24 h prior to 4.0 

irradiation 
4 GT3 Sc 37.5 mg/kg 24 h ptior to 5.8 

irradiation 
4 Veh Sc 37.5 mg/kg 24 h prior to 5.8 

irradiation 
Hematopoietic Study (Partial body irradiation) 

4 GT3 Sc 37.5 mg/kg 24 h prior to 4.0 
irradiation 

4 Veh Sc 37.5 mg/kg 24 h prior to 4.0 
irradiation 
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4 GT3 Sc 37.5 mg/kg 24 h prior to 5.8 
irradiation 

4 Veh Sc 37.5 mg/kg 24 h prior to 5.8 
irradiation 

GI Study (Whole bodv irradiation} 
~ GT3 Sc 37.5 mgfk.g 24 h prior to 12.0 

irradiation 
~ Veh Sc 37.5 mg/kg 24 h prior to 12.0 

irradiation 
GI Studv I Partial bodv irradiation) 

a· GT3 Sc 37.5 mg/kg 24 h prior to 12.0 
irradiation 

s· Veh Sc 37.5 mg/kg 24 h prior to 12.0 
irradiation 

·out or B NHPs in each group, 3 will be euthanized on day 4, 3 on day 7, and the remaining 2 will be 
euthanized on day 10 post-irradiation. 
For GT3 or vehicle, the administration volumes will be in accordance wtth Diehl et al, (HJ), sc injection 
volume for rhesus macaques is 2 and 5 ml/kg (good practice and maximum volume, respectively). Exact 
dose wlll be calculated based on animal body weight and drug concentration. Since GT3 is highly soluble 
in its proposed vehicle, we expect that drug administration volume will be within good practice limits and 
we may not need to use maximum volume allowed. 

Hematopoietic in;ury and accelerated recovery bv G T3 administration 

To assess radiation damage and recovery by GT3 administration a total of 16 
NHPs (8 receiving vehicle and 8 receiving GT3) wi ll be e)(posed to either whole body or 
partial body radiation. Each treatment group will be split evenly in half. Each sub-group 
will then receive one of two radiation doses 4 Gy (sublethal) and 5.8 Gy (LD30lso) for 
studying hematopoietic injury at two different radiation doses and accelerated recovery 
by GT3 administration. 

BM aspiration 

BM aspiration will be carried out on days -8, 2, 7, 14, and 30. BM cells will be 
used for varlous colony forming (CFU) assays as previously described (20) and the BM 
plasma will be used to obtain information about the BM microenvironment. The 
procedure for BM aspiration has been detailed under section V.4.3.2. 'Procedure(s)'. 
Cytokines/chemokines analysis by multiplex Luminex will also be carried out in each 
sample (the protein concentration in each sample will be measured with a modified 
Bradford reaction, Coomassie Plus Protein Assay, Thermo Scientific, Rockford, IL). It 
has been reported for mice that radiation and GT3 affect various cytokines/growth 
factors in BM plasma (20, 2{J·

4
BM(ells (mononuclear cells) will also be analyzed for 

apoptosis by TUNEL assay < ) 

For CBC, whole blood will be collected in EDT A coated tubes and complete 
blood count will be obtained to assess hematopoietic injury. An imals will be euthanized 
around 30 d post-irradiation (period when there is maximum hematologic difference 
between GT3- treated and control group) for necropsy, histopathology of various organ 
and addit ional BM analysis. 
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Table 5. BM and blood sample collection for hematopoietic recovery In irradiated animals treated with 
GT3 

'""(;r3 dose mg/kg Time of blood 6M2ml Blood for Total volume 
collectioniBM CBC 0.5 

aspiration ml 

·8 d + + 2.5ml 

37.5 mg/kg (·24 h) 

Radiation 5.8 or 
6.5Gy 

Day 2 + + 2.5ml 

Day 7 + + 2.5 ml 

Day 14 + + 2.5ml 

Day 16 + 0.5ml 

Day 18 + O.Sml 

Day 20 + 0.5ml 

Day 22 + 0.5ml 

Day 24 + 0.5ml 

Day 26 + 0.5ml 

Day 28 + 0.5ml 

Day 30 + + 2.Sml 

This table will be applicable to both experiments (whole-body and partial-body irradiation) and two 
different radiation doses {4 and 5.8 Gy}. We will be well within the acceptable published blood collection 
volumes ( 19) that are followed at AFRRI. According to these guidelines 1 % blood (2.2 ml per day for 4 kg 
NHP - minimum body weight of experimental NHP) can be withdrawn every 24 h. Up to 15% of 
circulating blood volume can be drawn in a single day repeated every 4 weeks in a normal healthy 
animal. For the entire span of the study, the total blood drawn (16 ml) will be well below the 
recommended maximum limits. 

GI injury and accelerated recoverv by GT3 administration 

fhis study will include evaluation of the crypt microcolony assay, where crypt survival 
wfll be quantifi@d at 7 days after high~dose radiation exposure (rather than 3 days in 
mice), coupled with necropsy and histopathology of various organs. Our proposed 
experimental model is based upon those developed and published by MacVittie and 
colleagues, in which rhesus macaques were exposed bilaterally to 10.0-14.0 Gy at a 
0.80 Gy/min (23). For this study, a high radiation dose of 12 Gy (approx. LD15115 for 
whole body, lethality will be lower with partial body) will be used as this dose induces a 
classic fadiation GI syndrome consistent with depletion of GI stem cells and subsequent 
organ failure. Animals exposed to whole body radiation will duly succumb within the 
expected 20 day period to GI syndrome and hematopoietic injury. NHPs exposed to 
partial body radiation will experience GI injury and hematopoietic injury, however, due to 
residual BM cells in specific body area (5% sparing of BM - hind limbs fibula, tibia. and 
feet not irradiated - in LINAC shielding is not required for sparing) these animals are 
expected to rapidly recover. 
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Out of B NHPs in each group, 3 will be ~uthanized on day 4, 3 on day 7, and the 
remainin

1
12 will be euthanized on day Io post-irradiation. Su~h study has bee~ carried 

out inl(b)(o lw1th another radiati:on 
countermeasure with remarkable results. 

GI studv end points 

The primary end point will be crypt count in jejunum samples on d 4, 7, and 10 
post~irradiation . Samples of small and large intestine will be collected at necropsy an:d 
fixed in formalin , embedded in paraffin, cut, mounted, and stained with hematoxylin andl 
eosin (H&E). Microcolony crypt cell survival assay will be performed as described by 
Withers and Elkins (24). The number of crypts will be calculated according to this 
method described by MacVittie (23). 

Secondary endpoints will include key GI- and hematologic-associated 
parameters. These parameters will include a} hi$tological analysis of radiation damage 
in the jejunum and colon, b) Ki-67 analysis of proliferating cells, c) mucosa! sUJrface area 
(measured in longitudinal H&E-stalned sections of the jejunum using projection cycloid1 
method _d_escribed b --6.rui®le ___ _ 2, --_wb1Qh __ was validated in thel(bH6l I 

(bJ(4J,(bJ(6J d) body weight loss, and e}' the 
Incidence, severity) and duration of diarrhea and dehydration, Hematologic analysis will 
include neutropenia and thrombocytopenia related parameters, incidence of febrfle 
neutropenia, and incidence of positive blood cultures. Serum citrulline levels will be 
detetmined. Blood samples will also be tested for gut bacterial translocation. 

Assessment of vascular oxidative stress 
Pre-and post-irradiation peroxynitrite measurements provide information about 

the severity of radiation-induced oxidative/nitrosative stress. Peroxynitrite readily 
oxidizes dihydrorhodamine 123. The peritoneal aorta from NHPs euthaniized on days 4 
and 7 will be used for this assay to indicate the level of peroxynitrite production. It has 
been demonstrated in mouse model that vascular p13raxynitrite production was 
increased by radiation exposure and administration of GT3 inhibited such radiation
Induced peroxynitrite production (21). 

Table 6. Eutlhanasia schedule of experiment for GI injury and accelerated recovery experiment 

Groups Day4 post- BM Day r post- Day HJ post· Tonal 
Irradiation irradiation irradiation 

GT3+ t2 Gy 3 3 2 8 

Vehicle + 12 Gy 3 3 2 8 

This table will be applicable to both experiments {whole~body and parti al~body irradiation) , 
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Table 7. Blood sample collection schedule for GI injury and accelerated recovery experiment 

GT3dose f imeof CBC Cytoki ne/B io Biochemls Bacteremia Citrulline Total 
mg/kg blood draw 0.5ml markers try 1.0 ml o.5 ml blood, ml 1.0 ml 0.5 ml 

-7d + + + 2.0 
-3d + + + 2.0 

GT3/vehicl 
37.5 mg/lc:g e injection 0 

dav -1 
(Total 2.0 

Radiation Dayo ml on day 
Dose 12 Gy a.see 

below) 
4h + 1.0 

Sh + 1.0 

12 h + + 1.5 

Day 1 + + + 2.0 

Day2 + + + 2.0 
Day4 + + 1.0 
Oayo + + 1.5 
Day? + + + 2.0 

This table will be applicable to both experiments {whole-body and partial-body irradiation). We will be well 
within the acceptable published blood collection volumes ( t S) that are followed at AFRRI. According to 
these guidelijnes 1% blood (2.2 ml per day for 4 kg NHP - minimum body weight of experimental NHP) 
can be withdrawn every 24 h. Up to 15% of circulating blood volume can be drawn in a single day 
r·epeated every 4 weeks in a normal healthy animal. For the entire span of the study, the total blood 
drawn (16 ml) will be well below the recommended maximum limits. 

V .2. O.ata Analysis 

In order to evaluate the hypothesis set forth and establish a comparison of 
significance of any deviation from the hypothesis, Fisher Exact Test will be performed. 
fhe test can provide the significance and deviation. The Fisher test for Variance or the 
ANOVA which provides the means to analyze the differences between group and their 
associated procedures is a suitable test to detect significance between sampling 
groups. ANOVA is a test of choice to compare group means and group variable·s. 
Means and s~andard deviations will be calculated. A P<0,05 will be considered 
statistically significant. When inferential statistics is used such as t-test. Fisher's tests, 
ANOVA etc, to evaluate the outcome and comparisons, sample size (n) needs to be 
determined to provide sufficient statistical capability for performance. 

For experiment 2, to investigate the radioprotective efficacy of GT3 in NHPs using 
dif~erent doses of whole lbody radiation, we will be using n=16 (8 males and 8 females in 
each group) which should give more than 80'% power for calculation (27). We expect a 
30% differ·ence (30% mortality in control and 0% mortality in drug treated group} at 5.8 
Gy. Similarly at 6.5 Gy we would expect 50% mortality in control and 0% mortaliity in 
drug treated group. 

For survival data, a Kaplan~Meier plot and log-rank test will be used to visuialize 
and compare survival data, respectively. Fisher's exact test will be used to compare 
survival rates at the end of 60 d1 with a Bonferron i correction used to control for type I 
error if multiple comparisons are made. For additional efficacy/mechanistic data, mean 
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values with standard errors (SE, when applicable) will be reported. Independent 
samples t-tests or analysis of variance (ANOVA) will be used to detect if there are 
significant differences between experimental groups. All statistical tests will be two
sided, with a 5% significance level. Statistical software SPSS version 22 (IBM, Armonk, 
NY, USA) and GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA) will be 
used for analyses. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 

Both computer models and tissue culture have been considered as alternatives 
to animals. These alternatives lack the knowledge base and complexity needed to 
evaluate the effects of radiation and radiation countermeasures on the immune system. 
The phenomena under study involve complex information-processing networks 
comprising large number of cell types and biological signal transduction molecules. 
Responses to irradiation and radioprotective agents involve interactions between the 
central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
system, GI system etc. We do not know all of the cell types and tissues involved and 
many of the signal transduction molecules have not been discovered yet. Even if all of 
the tissues, cell types and signaling molecules were known, the present state of tissue 
culture would be incapable of reproducing in vivo relationships. One would have to 
reproduce much of an entire mammalian organism in culture to study these phenomena 
in vitro. As for computer models, the most powerful supercomputers available in the 
near future would be incapable of analyzing interactions between so many elements in 
the network. Thus these drugs necessitate investigation in whole animal models to see 
overall outcome. 

V.3.2. Animal Model and Species Justification 

As described above, preliminary studies have shown that GT3 is effective in mice 
when administered sc as a radioprotector. Demonstrating efficacy in a large animal 
species (LAS) is a critical requirement of the FDA Animal Rule. Rhesus macaque has 
95+% DNA sequence identity with humans. NHPs are necessary for the pre-clinical 
development of a drug candidate intended tor use in humans, because drug metabolism 
and physiology are so similar between NHPs and humans. Rhesus macaques are the 
model of choice for investigations of toxicity, pharmacokinetics, biomarkers, radiation 
injury, and countermeasures, because the large database available from the existing 
literature. The FDA has accepted rhesus macaques as the appropriate animal model for 
pivotal efficacy testing of radiation countermeasures under the Animal Efficacy Rule, 
where efficacy testing cannot be performed in humans. The biomarker and efficacy of 
the drug to be tested in this protocol have already been demonstrated in mice. Previous 
experience with other radiation countermeasures (e.g. Neummune or HE 2100 or 5-
AED) has shown that testing in dogs is not always relevant to pharmacokinetics and 
efficacy in primates. Metabolism of 5-AED in dog hepatocytes was much different than 
in NHPs and human hepatocytes. Animal model of pig (specifically Gottingen minipig) is 
currently under initial stage of the development for studying radiation injury. This model 
is not well defined and mature enough to evaluate radiation countermeasures. Our 
ultimate goal is to generate data which will be submitted to US FDA and our data should 
be acceptable to them for approval of this radiation countermeasure (GT3). Minipig 
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model has not reached to that stage of acceptance yet ~b><4> ln1erefore, this study in 
rhesus macaque is being undertaken to guide future development of this class of 
radiation countermeasures. There are several reports for use of NHPs in rad iation 
research and countermeasure development (31-34). 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species 

Macaca mulatta (Rhesus macaques) 

V.3.3.2. Strain I Stock Chinese or Indian or[gin 

V.3.3.3. Source I Vendor 

AFRRI VSD will procure animals from vendors registered with the USDA or DoD. 

V.3.3.4. Age 2.5 to 7 years 

V.3.3.5. Weight 4 to 8 kg 

V.3.3.6. Sex Male and female 

V.3.3.7. Special Considerations 

Animals should test antibody negative for Herpes B virus (aka Macacine 
herpesvirus) , Simian T-cell leukemia virus type 1 (STLV-1), Simian Immunodeficiency 
virus (SIV) and Simian Retrovirus {SRV) Types 1, 2, 3, and 5. Animals shall also test 
negative by means of virus isolation or polymerase chain reaction (PCR) for SRV Type 
2. NHPs will either be vaccinated for measles or, in the case of previously measles
vaccinated NHPs. tested for the presence of measles antibodies. NHPs shall come from 
the vendor colony negative for Salmonella, Shigella and Yersenia. Vendor must provide 
the health reports indicating the pathogen free status of the NHPs for the agents listed 
in this section. Animals will be pole and collar trained before use in experiment. 

V.3.4. Number of Animals Required (by species) 

Macaca mulatta: 132 (66 males and 66 females) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. 

For biomarker and hematopoietic/GI injury recovery studies, end point will be 
measurement of BM cell and GI crypt cell analysis till predetermined days. For ttiis 
purpose blood, BM, and GI samples (only from euthanized animals) samples will be 
collected at predetermined time points and analysis of relevant parameters will be 
carried out. 

For efficacy study, the endpoint curren tly mandated by the FDA for approval of 
radiation countermeasures is mortality. Moribundity will be used as a surrogate for 
mortality, and euthanasia will be used in order to minimize pain and distress. using an 
extensive set of criteria (listed under section V .4.5). The actual irradiation procedure 
does not cause pain or distress. Animal care and use procedures will only be performed 
by trained and certified personnel. 

V.3.5.2. Reduction 
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As we move forward with experiments, plans will be reevaluated at every stage 
of the experiments, in light of incoming data in an attempt to re,duce the numbers of 
experiments and groups, if possible. If deemed not necessary based on incomiing data, 
some investigations may not be carried out to optimize the use of experimentall animals. 

V .3.5.3. Replacement 

lhere are no in vitro techniques available to demonstrate that this drug will 
counter ~he effects of whole~body irradiation in humans. Efficacy and safety have 
already been demonstrated in rodents. The preferred large animal model for precllirnical 
evaluation of radiation countermeasures intended for use in humans is NHP. This study 
represents the next step necessary to develop this drug for FDA approval. Accordlirng to 
FDA scientists and the radiobiology community, the large database of radiation studies 
in Macaca mulatta makes this the most useful large animal model to evaluate 
interactions of radiation injury and drugs intended for use in hurrHans. 

V.4. Technical Methods 

v .4.1. Pain I Distress Assessment 

V .4.1.1. APHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C O 

V.4.1.1.1 .2. Column D 4 

V.4,.1.1.1.3. Column E 128 

VA. 1. 1. 1.4. Pain Category Assignments 

EXD.# Experimental/Control GrouD 
1 PK/PD/toxicitv 
2 Efficacv study 
3 Accelerated hematopoietic /GI injury recovery 
Totals: 

V.4.1.2. Pain Relief I Prevention 

v .4.1.2.1. Anesthesia I Analgesia I Tranqu i lization 

c D E Totals 
4 4 

64 64 
64 64 

4 128 132 

Microchips will be implanted to animals during first sedation prior to irradiation 
(experiment 2 and 3) with the help of veterinary department staff. For experiment 1, 
microchips wHI be implanted before first blood draw on -8 d. BM will be collected under 
anesthesia in experirru~nt 3. This procedure has been described in detail unde,r section 
V.4.3.2 (not elaborated here to avoid duplication). Since anesthesia, analgesia, and 
tranquilizers are known to affect functions ot the immune system of animals, we plarn to 
minimize their use during course of the experiment after irradiation (35-37). 

Pain is not expected from actual irradiation process. The sequelae of high dose 
of radiation may result in pain but the animals treated with GT3 will experience reduced 
inf,ections ·Observed in immunosuppressed animals. As observed in mice and a recent 
pilot study conducted in NHPs, we expect GT3 will enhance hematopoietic recovery 
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after radiation. This should lead to an accelerated recovery and improved health. Use of 
other bactericidal agents to combat unresolved infections during the experiments is not 
warranted in this study as the scientific end points identified above will be abridged. If 
pain and/or distress are observed, the Pl and attending veterinarian staff will be notified 
to evaluate and determine the appropriate course of treatment. If pain and/or distress 
cannot be alleviated, the animal will be evaluated for euthanasia. 

Some animals may feel temporary discomfort such as nausea, emesis, and 
diarrhea that may occur after irradiation. In such situation, administration of flavored 
fluids using a water bottle will be considered. No treatments for radiation-induced 
behavioral manifestations will be provided as they may interfere with the evaluation of 
GT3 in post-irradiation recovery. 

Use of ketamine and lsoflurane for BM aspiration and LINAC partial body 
irradiation has been elaborated under section V.4.3.1. Pre-Surgical Provisions and 
V.4.4.7. 

V.4.1.2.2. Pre- and Post-procedural Provisions 

Animals will be observed for signs of pain and distress by either the veterinary or 
research staff at least twice daily. After surgical procedure (such as BM aspiration), 
NHPs will be monitored at least twice daily for signs of surgical site complication such 
as infection or trauma. 

V .4.1.2.3. Paralytics 

No paralytic agent will be used in this study. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched 

AGRICOLA: AGRICultural Online Access 
PubMed: United States National Library of Medicine 
IVIS: International Veterinary Information Service 

V.4.1.3.2. Date of Search 

9/25/2014 - 9/26/2014, 2/20/2015 

V.4.1.3.3. Period of Search 

AGRICOLA: 1966-2014 
Pubmed: 1965-2014 
IVIS 1998-2014 

V.4.1.3.4. Key Words of Search 

1. Pain and radiation 
2. Ionizing radiation and pain 
3. Ionizing radiation and alternatives 
4. Pain and primate and radiation 
5. Pain and primate and irradiation 
6. Bone marrow aspiration and pain 
7. Gamma-tocotrienol and pain 
8. Gamma-tocotrienol and pain and radiation 
9. Gamma-tocotrienol and side effect 
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10. Gamma-tocotrienol and toxicity 
11. Gamma-tocotrienol and bone marrow aspiration and pain 

V.4.1.3.5. Results of Search 

# Keywords of Search Lit~ratu re Sources and Periods of search 

AGRICOLA: PubMed: IVIS: 

1966 - 2014 1965-2014 1998 - 2014 

Results of Search 

1 Pain and radiation 24 10966 339 

2 Ionizing radiation and pain 0 509 22 

3 Ionizing radiatiion and alternatives 0 159 2 

4 Pain and primate and radiation 0 9146 7 

5 Pain and ,prlmate and irradiation 0 9385 4 

6 Bone marrow aspiration and pain 0 280 1101 

7 Gamma-tocolrienol and pain 0 0 0 

8 Gamma·tocotrienol and pain and radiation 0 0 0 

9 Gamma-tocotrienol and side effect 0 5 0 

10 Gamma-tocotrienol and toxicity 0 28 0 

11 Gamma-tocotrienol and bone marrow aspiration and pain 0 0 0 

No citations for pain were associated with exposure to ionizing radiation; the use 
of analgesia in conjunction with sub-lethal doses of ionizing radiation, or the use of 
analgesia in conjunction with GT3 in all of the searched databases. The use of GT3 was 
not associatied wlth any reports of pain. Studies conducted in mice show GT3 to be well 
tolerated and low toxicity even when administered at a high dose (400 mg/kg). No 
alternatives were cited as being a replacement for irradiation. BM aspiration can be a 
painful procedure; however, appropriate pain management will be used to minimize the 
discomfort to animals undergoing BM aspiration. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 

(a): BM aspiration: Animals will get proper analgesics for this procedure and they 
will not be in a painful or distressful condition. 

(b) Irradiation: As stated above, irradiated animals finally succumb due to a 
compromised immune response and microbial infections. In the event that there is pain 
and distress for animals, as we have already discussed under above headings, we 
cannot give anesthetic/analgesic agents to the animals (except at the time of BM 
aspiration which can't be performed without anesthesia) since these agents interact with 
the immune system, and in turn will affect experimental resu lts, 

There are conflicting reports regarding effects of buprenorphine on tt·u~ immune 
system (38-45). A majority of reports suggest that buprenorphine influences immune 
response. Sinoe buprenorphine has been shown to influence various arms of cellular 
and humoral immune response (40, 43-45), we have decided not to use it in our efficacy 
study. This agent will be administered to NHPs of experiment 3 fot biomarker study as 

21 of 34 



stated above. Non-steroidal anti-inflammatory drugs are not suitable for use in survival 
study experiments ( 46). Such drugs are being used after BM aspiration. 

V.4.2. Prolonged Restraint 

Animals to be irradiated will be placed in restraint devices for irradiation in the 
cobalt facility. Animals will be sedated for this purpose (ketamine 10-20 mg/kg, im). 

For blood collection, NHPs will be placed in a primate restraint chair. NHPs will 
not be left in the restraint chair for more than 30 minutes. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions 

BM aspiration proposed in experiment 3 is considered a surgical procedure. 
Animals will be assessed for signs of pain and distress by either the veterinary or 
research staff at least twice per day or as often as needed. Antibacterial prophylaxis 
may be administered: Cefazolin iv or sc (20 - 25 mg/kg, one time before BM aspiration) 
or ampicillin (15 - 20 mg/kg, iv or im one time before BM aspiration). Animals will be 
fasted for 8-12 h before sedation. Animals will be fed a snack (1 full banana or one 
apple or other fresh fruit) the night (around 8-9 pm) before BM aspiration is scheduled to 
avoid prolonged fasting Water will not be restricted and animals will have free access to 
water at all times. The NHPs will be chemically sedated with ketamine (5-15 mg/kg im) 
or Telazol (5-1 O mg/kg im) with (needle 22-25 G). For induction, 3-5% isoflurane in 
100% oxygen by mask will be used. For maintenance, 1-3% isoflurane will be 
administered in 100% oxygen via endotracheal tube or mask. While the animal is under 
the anesthesia, vital signs will be monitored including Sp02, pulse, respiration rate and 
body temperature. Bair Hugger heated surgical table will be used for keeping animal 
warm. Animal body temperature will be recorded frequently using a rectal thermometer 
or via microchip during the procedure. 

Before BM aspiration, a catheter (20-25 G, 1" long) will be placed in saphenous 
or cephalic vein. We will administer 100-200 ml bolus of 5% dextrose in normal saline 
through iv catheter during the procedure to take care of loss of appetite because of 
fasting, analgesia, and anesthesia. 

V.4.3.2. Procedure(s) 

The site of BM aspiration may be the iliac crest, scapula, ischial tuberosity, 
trochanteric fossa of the femur, tibial crest, or the proximal humerous. The site will be 
prepared as a surgical site: hair will be clipped using# 40 surgical blade and the site 
scrubbed at least 3 times using either betadine or chlorhexidine and 70% alcohol. 
Animal will be positioned appropriately (dorsal or ventral or lateral recumbency) 
depending on the site being used for the BM aspiration. A sterile drape will be used to 
cover the site. One dose of buprenorphine (0.005- 0.03 mg/kg, im or sc or iv) will be 
administered before procedure. A small stab incision (just enough for a 16-20G needle 
to go through) will be made in the skin at the site of BM aspiration. We will infuse 0.1 -
0.2 ml analgesic (0.5% Marcaine or 2% lidocaine or 4% Articaine) at the BM aspiration 
site. Then, BM aspiration needle will be advanced through the incision into the cortex of 
the bone. The stylet is removed from the BM needle. A-5-10 ml syringe will be used to 
aspirate the BM. The needle will be removed and incision will be closed with tissue glue 
or a suture after BM aspiration. Either non absorbable nylon or absorbable monocryl 
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suture will be used to close the skin. Only autoclaved or disposable sterile instruments 
will be used. Only one attempt will be made per site and only two sites will be attempted 
at any one sampling point. No more than 3 ml of BM will be collected per animal. 

V.4.3.3. Post-surgical Provisions 

Animals will be monitored at least twice per day for signs of surgical 
complications such as infection or trauma. If treatment for such conditions is needed, a 
VSD veterinarian will provide the appropriate medical intervention: After the procedure 
Rimadyl (2-4 mg/kg, sc or po every 12-24 h for 1-2 d or longer as determined by the 
veterinarian) will be administered. 

V.4.3.4. Location 

The procedure will occur in the VSD surgical suite at the veterinarian's discretion. 

V.4.3.5. Surgeon 

VSD personnel trained in the specific procedure and aseptic technique will 
perform surgical procedures. 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures 

N/A 

V.4.3.6.2 Scientific Justification 

Though BM aspiration is not a major procedure per se, we are conducting 
repeated aspirations which may make it fall into this section. Hematopoietic recovery is 
an important objective of this protocol. To accomplish these objectives, we need to 
collect BM and blood samplings at different time points in relation to radiation exposure. 
(stated above in table 5). 

Same site can be used for BM aspiration again after a rest period of 14 days in a 
specific study. Same animal will be used to aspirate BM at specified time points 
(applicable only for experiment 3). We have identified several sites for BM aspiration in 
NHPs of experiment 3. There will be no BM aspiration in experiment 1 and 2. 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

NHPs will be dosed with GT3 or vehicle in the dorsal scapular region (midline). 
Injections will be performed with a sterile 21 - 25 gauge needle. The site for GT3 
injection will be prepared as a surgical site before the injection: hair will be clipped using 
# 40 surgical blade and the site scrubbed at least 3 times using either betadine or 
chlorhexidine and 70% alcohol. Injections will be performed by appropriately trained 
staff listed in this protocol under section VI. Injections for ketamine (5-15 mg/kg) will be 
administered im with 22-25 gauge needle length of %-1 ".The injection volume for this 
wi II be 0. 1-1 . 0 m I. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

N/A 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 
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Gamma-tocotrienol will be ourchased as a formulation in 5a/o Tweeii 80 (in saliiiel 
(b)(4),(b)(6) 

(bH4 l 1 Since we are planning to obtain th is product from another vendor, we 
plan to test this .agent in 4 Nl=IPs in experiment~ before proceeding to efficacy stu:dy in 
experiment 2. 

Excipient proposed (5% Tween 80 in saline) for the drug formulations is a~wovedl by 
FDA for animal oral and parenteral administration and has been suppliedllii I I 

l<bX4> lin the past. This exdpient is used regularly in parenteral injections un animals 
at .AFRRI. GT3 will be formulated in this sterilized excipient under aseptic conditions to 
deliver .a dose of 200 mg/kg in o .1 ml. Such formulation has been used parenterally in 
mice and in NHIPs in the past. The supply of new GT3 batch will be tested for endotoxin 
before use. The pH and osmolality are within the acceptable range as discussed in the. 
~~rlier protocols. The NHP protocol in which GT3 and this formulation was used isl(bJ<6> _I 

1~> I 
V .4.4.2. Bit>§amples 

Blood wlthdrawals wil l be carried out according to the schedule presented above 
in experiment 1. Blood will be collected from a peripheral vessel rather than a femoral 
vein with a 2 ~ -25 gauge sterile needle attached to a 2-3 ml syringe, to reduce the 
chances of bleeding after blood collection in irradiated animals. 

The area for the blood draw (samples for bacterial culture) will be swabbedi with 
providone-iodine twice before inserting the needle. Providone-iodine will be swabbed off 
to reduce irritation to the tissue. For samples collected for other tests, only alcohol swab 
will be used. The blood sample will be drawn as described above. While withdrawing 
needle, pressure will be applied at the same time with a sterile bandage to reduce 
bleeding from the blood draw site. While making regular routine observation of animalls, 
the blood-draw site will be checked for bleeding. In the event the site becomes infected, 
topical triple antibiotics (bacitracin, neomycin, and polymyxin) or similar agent will be 
applied. 

BM samples will be collected as stated above under section V.4.3.2. GI tissue 
and ,other •Organs will be collected from euthanized animals as discussed under 
experimental methods above. 

V .4.4.3. Adjuvants 

No adjuvants wiil be used. 

V.4.4.4. Monoclonal Antibody (MAb) Production 

NIA 

V .4.4.5. Arnimal Identification 

Animals arrive tattooed and such tattoo will be used for identification. Additionally 
cage tags or ID's written on cages with permanent markers are used for identification. 

V.4.4.6. Behavioral Studies 

No behavioral studies will be performed in this protocol. 
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V.4.4.7. Other Procedures 

Management of skin irritation following sc administration 

Before the GT3 injection, the site will be prepared as a surgical site: hair will be 
clipped using# 40 surgical blade and the site scrubbed at least 3 times using either 
betadine or chlorhexidine and 70% alcohol. Following the sc administration of GT3, the 
injection site will be closely monitored (manually palpating the site to ascertain any 
increased sensitivity or mild increases in swelling that aren't visually readily apparent). A 
VSD veterinarian will be notified if mild redness, skin wrinkling, alopecia or other 
abnormal clinical signs are observed. If severe redness, irritation, or ulceration of the 
skin develops, the VSD veterinarian will initiate treatment. Treatment may include 
topical antibiotics and/or topical anti-inflammatory drugs. The veterinarian will be notified 
immediately, if the injection site develops into an abscess. If the abscess is less than 1 
cm in diameter and remains the same or regresses in size and the NHP exhibits no 
other adverse clinical signs, continued monitoring is all that is needed. lf the abscess 
continues to increase in size, then the animal may be restrained in a chair, sedated, and 
the abscess drained then flushed with betadine/chlorhexidine. A diagnostic culture swab 
will be taken prior to draining the site. The treatment regimen may include lancing the 
abscess and/or surgical placement of a penrose drain. Additional treatment may include 
local/oral/parenteral analgesics as suggested by veterinarian. Development of recurring 
abscess: Animal will be sedated for a more surgically invasive procedure including 
debridement of the dead necrotic infected tissue (antibiotics and/or anti-inflammatories 
may be used as suggested by veterinarian). 

Transport plan 

For whole body irradiation, the sedated animals will be placed in positioning aide 
devices and will be transported inside a cart to the High Level Gamma Radiation 
(HLGR) facility or LINAC facility. HEPA filtered transport carts will be used for 
transportation of animals through common hallways/areas. At no time will the animals 
be removed from the restraint boxes while outside of the VSD vivarium. At least two 
personnel will accompany the animals. Additional ketamine may be administered as 
needed for chemical restraint (animals are not awake during irradiation), and provide 
animal handling support. After irradiation, the NHPs in their restraint boxes will be 
removed from the irradiation platform, returned to the transport cart and returned to the 
vivarium. 

For partial body irradiation with LINAC, there will be no shielding since irradiation 
is carried out after CT scan. Both legs will not be irradiated. This procedure has not 
been executed at AFRRI before. It is our best guess that it will take 30-45 min. Animals 
will be sedated with ketamine (details given under section V.4.4.1. Injections) and 
maintained with isoflurane (3-5%) via mask and they will be intubated with endotracheal 
tube of appropriate size. Animals will be transportated to LINAC. Then they will be 
maintained with isoflurane (1-3%) during irradiation procedure. Anesthesia will be 
monitored as stated under V.4.2.1. Anesthesia/Analgesia!Tranquilization throughout 
the procedure. During entire procedure veterinarian/veterinarian designee will be 
available. 

V.4.4.8. Tissue Sharing 
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This is a collaboral ive research roj~ct between AF~RI Pl andl(b)~6C I 
Tissue samples will be shared1. ~\5> ] 

1!. ~b!!'l"l -------iiilif':-:-n:-::dFJf"='o~r this purpose tissue sharing lorm will be completed 
after approval of the protocol and prior to tissue sharing. Unused biological samples will 
be retained for additional studies and stored in the Pl's laboratory. Studies planned will 
depend upon additional funding for supplies and staff in future. 

V.4.4.9. Animal By-Products 

No animal by-products will be used in the proposed study. 

V.4.5. Study Endpoint 

l he primary endpoint used in the efficacy study will be mortality. Moribundity will 
be used as a surrogate for mortality, and euthanasia will be used in order to minimize 
pain and distress. Moribundity will be used as the endpoint (tracking the symptoms 
listed in this section) as a surrogate for mortality. Euthanasia will be carried out when 
one m mtm~ of the following signs and symptoms of moribundity are observed as 
determined by or in consultation with AFRRI veterinarians. Necropsy and 
histopathological analysis will be performed on all euthanized animals. The following 
parameters will provide the guidelines for moribundity (all signs will be taken together 
along with the recommendation of a veterinary science department veterinarian for 
euthanasia decision): 

1. Weight loss: loss of more than 20% body weight from the baseline (NHPs wiH be 
weighed whenever we will put animal on the restraint chair attached to scale for blood 
collection), 

2. lnappetance: complete anorexia for 2 days with deteriorating conditions based on 
clinical examination, 

3. Weakness/inability to obtain feed or water: Inability or extreme reluctance to stand 
which persists for 1 h, 

4. Minimal or absence of response to stimuli (animal does not move when prodded), 

5. Core body temperature: Below 96.6 QF following a period of febrile neutropenia (such 
as >103 OF and <500 neutrophils/ml), 

6. Severe acute anemia: <13% hematocrit or <40 g/L hemoglobin (decision in 
consultation with AFARI veterinarians). 

7. Severe thrombocytopenia (<10,000 platelets/pl) (decision in consultation with AFRRI 
veterinarians). 

8. Other signs of severe organ system dysfunction with a poor prognosis as determined 
by a veterinarian : 

8.1 Respiratory: any dyspnea or severe cyanosis. 
8.2 Gastrointestinal: sustained vomiting or diarrhea. obstruction. intussusceptions; 

peritonitis (transient vomiting and diarrhea are expected results of whole-body 
gamma irradiation, therefore} as criteria for euthanasia, these symptoms should 
be severe and life-threatening per se, i.e., hemorrhagic diarrhea to the point of 
causing anemia as listed above or severe uncompensated dehydration). 

8.3 Urogenital : renal failure 
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8.4 Nervous: sustained CNS depression, seizures, paralysis of one or more 
extremities. 

8.5 lntegumentary: non-healing wounds, repeated self-trauma, severe skin infections, 
indicating severe organ system dysfunction with a poor prognosis. 

Surviving animals at the end of the study (60 d post-irradiation) will be 
euthanized for gross necropsy and tissue collection as described under section V.4.6. 
Histopathology of various organs will be conducted to study the effects of radiation and 
drug. 

Endpoint for hematopoietic recovery will be analysis of BM cells and endpoint for 
GI recovery will be analysis of crypt in GI tissue. 

V.4.6. Euthanasia 

Animals will be humanely euthanized using American Veterinary Medical Association 
(2012 AVMA) guidelines. These animals will be given sodium pentobarbital 
intravenously (saphenous or cephalic), needle size 20-25 gauge %-1" length, (100 
mg/kg, 1-5 ml). Prior to pentobarbltal administration, animal will be sedated using 
ketamine (5-15 mg/kg im). lntracardiac administration will be performed if unable to 
administer sodium pentobarbital through peripheral veins. The animal will be deeply 
anesthetized by lsoflurane (1-5%) via mask before giving intracardiac injection. The 
animals will be euthanized only under the guidance of a staff veterinarian. After sodium 
pentobarbital administration, the animals will be examined (heart auscultation and 
pulse) to confirm death. A full body necropsy and histopathology analysis will be 
performed, after confirmation of the death. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 

All non-human primates will be housed individually in cages with at least 4.3 
square feet of floor space per NHP in accordance with the Guide for the Care and Use 
of Laboratory Animals. ln addition, every cage will be equipped with built in perches. 
Excreta and food waste will be removed from inside each indoor primary enclosure, 
once per day, to prevent the primates from becoming soiled, and to reduce disease 
hazards, insects, pests, and odors. Care will be exercised when washing the primary 
enclosure so that the animals remain dry at all times. Primary enclosures will be 
sanitized every two weeks. The secondary enclosure (room) will be sanitized once per 
month. Foraging boards as well as other enrichment devices will follow the same 
schedule as the primary enclosures of the primate. 

Special care will be given to animals that have been irradiated as their natural immunity 
will be suppressed (more prone to infections). Irradiation boxes will be sanitized after 
every use or more often as needed. 

V.5.1.1. Study Room 

Study rooms will be assigned by VSD. 

V.5.1.2. Special Husbandry Provisions 

None 
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V.5.1.3. Exceptions 

None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 

All animals will be quarantined for 45 days prior to any experiment. For this 
study, NHPs will arrive at AFRRI after completing quarantine at suppliers's facility. As 
per Standard Operating Procedures, VSD staff wi ll monitor all animals at least twice 
daily during morning and afternoon rounds. Any abnormalities will be reported 
immediately to the on-call veterinarian and Pl. In addition, animals will be observed daily 
by this protocol's research staff. Any sick animal will be observed at least twice a day 
(early morning and late afternoon/night) by the research staff. When animals become ill 
or debilitated, a veterinarian will be contacted immediately to assess the animal and 
provide adequate/emergency care. If the animal becomes moribund, it will be 
euthanized via intravenous administration of pentobarbital sodium at a dose of 100 
mg/kg body weight under the guidance of the veterinarian. Prior to pentobarbital 
administration, animal will be sedated using Ketamfne (5-15 mg/kg intramuscularly) 
(needle 25 G) . 

V.5.2.2. Emergency Veterinary Medical Care 

The on-call veterinary officer will be avai lable via telephone 24 hours a day. The 
on-call roster is located outside the VSD conference room (Room #~on the 
bulletin board and at the security watch desk. These procedures are in acCOrdance with 
VSD SOPs 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 

In these studies, all primates will receive regu lar enrichment [IAW VSDM SOP 
VS0226 (Environmental Enhancement Plan for NHP)]. Enrichment provided will include 
sanitizable plastic toys, contact with husbandry and research workers. and visualization 
of conspecifics. To facilitate the consumption of food post-irradiation, the primates may 
be provided with an array of drinking and food products that will heighten their interest. 
Such items will be kool-aid type drinks, jello and yogurt as examples of soft type foods, 
and bananas, sweet potatoes, and celery with peanut butter as examples of harder type 
foods. This brief listing is not meant to exclude any drink or food product that will aid in 
the consumption of diet designated for the animals. 

V.5.3.2. Enrichment Restrictions 

Fruits or vegetables containing citrulline such as watermelons, cantaloupes, curcubits 
(squash , pumpkin, zucchini) or cucumbers will be avoided since it will interfere with the 
study objective (citru ll ine will be measured in experiment 2 and 3). 

VI. STUDY PERSONNEL QUALIFICATIONS ANO TRAINING 

On-the-job training for AFAR! employees is completed and assessed by the supervisor 
or designee and documented. When a trainee is judged competent in a given function, a 
training certification describing on-the-job training is completed by the person 
responsible for the training and approved by the supervisor or appropriate level of 
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departmental management. This training is documented in each individual employee's 
1rain1ng record at AFRRI. The qualifications indicated below are only applicable for NHP 
procedures. l he personnel listed have also been trained and have experience working! 
with rodents. 

I DEGREE I TRAINING I DATE 
YRS/MOS 

r-rNAME PROCEOURES EXPERIENCE 
\U/\OJ 7 {Off-hour observatiMsl {b)(6} 

1,3 (b.d),4,5,7 (off-hour 
obs liH'VatlOi1 
1 ,3 (b;d).4.5.7 (off-hour 
observation 
7 {off-liOur observationsi 
7 (off-hour observationsi . ' ' , • 

The trammo '"~',le? 1n the _above table represents_tra1~1ng that has been completed, 
l(6l~5l will be trained further for performing 1nJect1ons and blood draws_. All s~ff members ave received annual training including refresher for 2015. In the table 
above, initial training years have been listed. 

Procedure and manipulation codes: 
Code 1- Animal handling ar'ia euthanasia 
Code 2: Sur9ery (aseptic teehni(jue) pre- and post-opefative cafe 
Code 3: Injections (3a-ip, 3b·sc, 3c·gav;ige} • can say 3 if trained in all manipulations or add 3d·iv 
Code 4= 1Blood coliection under anesthesia (4a-cardiac, 4b-posterior ve11a ca.val 
Code 5= Tissue collection \after euthanasia) - doesn't need to be speci fic 
Code o a Implantation (provide detallsJ 
Code 7 : Others - ·iprov'ide protocol specific manipulations or procedures for e.g., retro-orl:lltal bleeding, tail vein injection, or drug 
delivery) 

VII. BIOHA2.ARDS/SAFETY 

There is no plan to use any potential biohazard. Standard laboratory safety 
precautions will be observed throughout this study, 

VIII. ENCLOSURES 
Form 310 

List of references 
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X. ASSURANCE.S 

Protocol Title: Advanced Development of Gamma~tocotrienol as a Radiation 
Countermeasure in Nonhuman Primates {Macaca mulatta) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specffrcally 
approved by the IACUC prior to its implementation. 

B. Duplication of !Effort: I have made every effort to ensure that this protocol is not. 
an unnecessary duplication of previous experiments. 

<C. Statistical Assurance: I assure that I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis, and that 
the minimum number of animals needed for scientific validity will be used. 

·o. Bioha:zard I Safety: I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations, concerning radiation 
protection, biosafety, recombinant issues; and so forth , in the preparation of this 
protocol. 

IE. Training·: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically compe.tent and 
have been properly trained to ensure that no unnecessary pain or distress wtll be 
cau.sed to the animals as a result of the procedures I manipulations. 

F. Responsibility: I acknowledge the inhereint moralj ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that alll individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals, Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility," which the DOD 
has embraced for implementing animal use alternatives where feasible aind conducting 
humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate 
peer scientific review and is consistent with good scientific research practice. 

H. Painful Procedure(s): (AM) I AM NOT conducting biomedical experiments, 
which ,may potentia~ly ca~se more~ momentar~ain o~ distres~ fo animals. 
If appl1calble, potential pain and/or distress WILL /~be relieved with the use of 
anesthetics, analgesics and/or tranquilizers. I have considered alternatives to such 
procedures; however, I have determined that alternative procedures are not available to 
accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name} Principal Investigator (Signature) (Date} 
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l(b)(6) I PhD Date 
Statistician......, ___ ___, 
Telephone!tb)(6) I Fax:jl6)(6) 

VII. ATIENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more than slight or momentary pain or distress, even if relieved by anesthetics or analgesics. 

l(b)(s) ) OVM, DACVPM, DACLAM Date 
Head, Veterlnary Sciences Department 
Armed Forces Radiobiology Research Institute 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards (Attach copy of completed AFAR/ Form 310, EHS Research Protocol Hazard Analysis) 

(b)( Date 
Safety and Occu ational Health S~ecialist. USUHS 
Telephone Faxj<bXl l 

(b)( 
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IX. IACUC AF>PR_OJLAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on ____ _ 

(Date} 

(t>}( ) Ph.D, 
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PROT10COL TITLE: Radioprotective efficacy of new formulations of tocotrienols in 
mice, Mus musculus. 

AFRRI SCIENTllFIC RESEARCH PROTOCOL NUMBERS: l._(b)_te> __ ____, 

I. NON-TECHNICAL SYNOPSIS 
Protection oif first responders and military personnel deployed in a radiation scenario is 
a major concern for both the military and the homeland defense. We have shown that 
various analogs of vitamin E (tocopherol and tocotrienol). also designated as tocols 
protect and enhance survival in mice exposed to lethal doses of irradiation. The 
present proposal will compare the beneficial effects of delta- and amma·tocotrienol 
DT3 and GT3 with a commercially available dieta su lemen (b 

) Wo will compare the 30 day 
surviva e 1cacy o three specially formulated emulsions ml(6){4l IDT3 
and GT3 in mice exposed to gamma-radiation (Cobalt-60). We will conduct ba~sic 
toxicity studies after a subcutaneous injection of the drugs, followed by survival 
studies. Depending on experimental results, additional studies such as 9.:_QQtimization 
studies (drug route, concentration, multiple administrations and time of drug 
administration), b.,__Oose_r_eduction factors (ORF) studies (testing efficacy of promising 
candidates using various radiation doses), and c. hematolo ical and mechan!stic 
studies (to elucidate drug response) will be conducted with > representing mostly 
DT3) and GT3 formulations. 

II. BACKGROUND 

11.1. Backgr,ound: Threat characterization for radiologic and nuclear events 
(intentional or accidental) is deflned by the nature of the incident (1 ]. Threat devices or 
sources include radiologic dispersal devices, radiologic exposure devices, a 
sophisticated nuclear weapon, improvised nuclear devices, nuclear power plants, and 
stolen or mishandled medical radiologic sources [2-5). AFRRI has been in the forefront 
in evalu~M0? radliation countermeasures against the deleterious effects of ionizing: 
radiatio 
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Tocols as radiation countermeasures: AFRRI investigators and their collaborators 
have e)(tensively studied tocols Including tocopherols, tocotrienols. esters such as 
tocopherol succinate. and found those to be radioprotective when administered prior 
to the total body radiation exposurefb>(4l IThe current protocol will allow us to test 
several formulations of tocols with the su~~ort of a commercial partnerf6X4> I As 
mentioned in the nontechnical summary) 4) land 
the company has interest in advancing tocols as radiation countermeasure. 

Pr,oductPevelQgment Considerations: 
T3 Sources/Manufacture: DT3 and GT3 are both derived from natural plant sources, 
the three most common sources bein -aim. rice bran. and annatto seeds 13. 14. 
(b 4) 

'--~~~~~~~~~~~~~~~~~~~~~~~~~~---' 
is 

manufactured thrcn.igh a molecular distlllation process. As a dietary supplement for 
oral use, it has a Technology Readiness Level (TRL) of 9 using the Portfolio Trackung 
"fool used by the Public Health Emergency Medical Countermeasures (PHEMCE), the 
Dept. of Health and Human Services (HHS the~ artment of Defe..os_e_'Da__Q· and 
other United State government agencies !bJ<4HbJ<51 

'--~-----~~--~~~~--~-' A,cquiring highly purified single T3s from t e ava1 a e natura sources reqwres a more 
complicated manufacturing process. This could have stqnificaoJ fiscalimoacts in 

roduct develo ment tor bulk-level manufacturing f6>14J.tb)(6J ] 

b >.I < l is already commercially available as an oral dietary 
su~~ ement and ~o - additive, manufactured under cGMP con~ Neither highly 
purified DT3 nor GT3 has been produced at bulk-scale to date~has a Generally 
Regarded as Safe (GRAS) status (GRAS notice ~ib)(a) I with a letter from the U.S. 
Food and Drug Administration (FDA) dated May 13, 201 4 stating that there were no 
questions about the product regarding its intended use "as a source of vitamin E in 
food at a level of up - illigrams of tocotrienols per serving". There is one IND 
on file for oral use of in a clinical trial for osteo orosis at u to 600 m Ida· . 

Tocols if1 the c/in;c: Tocotrienols are being tested for multiple medical ir1dications. 
Promising results have been demonstrated for these vitamin E isomers (or vitamers) 
for multiple chronic diseases or conditions including cardiovascular disease, 
hypertension, hypercholesterolemia, diabetes, osteoporosis and in cancer prevention 
and treatment [16-26). 

b){4) 

as well 
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(proprietary) based onl,_l
6
_R

4
_) --------------------" 

on behalf of~ and will be tested at AFRRI using the current protocol. 

11.2. Literature search for Duplication 

11.2.1. Literature Sources Searched BAD, NIHAePORTER, PUBMEO, Embase 
11.2.2. Date of Search 02-02-2015 to 02-06-2015 
11.2.3. Period of Search The search period extended from 1998 to 2005 for BRO, 
2009-present for NIH Reporter, 19 70 to present tor PubMed, 2006 to present for 
Em base. 

11.2.4. Key Words of Search Each individual term Gamma=tocotrienol, Delta= 
tocoltrieno1Jl6R4> tt. (emulsifier) + {radiation), + ( radioprotection), + 
(radioprotection+mice) 

Jt~.5. Re.suits of Search 
r bl 1 Lt t h 1a- e ' 1 era u re sea re resu It d h f II tf t e t -e o ow1na -, s as tbltdbl a :uae . -e ow; 

KEYWORDS PUBMEO NIHRePORTER BRO Em base 
Gamma toootrienol + 310 408 30 416 

emulsifier 
Gamma tocotrienol 31 366 26 41 

+radlailon 
Gamma tocotrienol + 8 358 9 5 
r adioorotection +m Ice 

Delta tocotrienol + 161 372 17 Hl2 
emulsifier 

Della tocotrlenol 8 166 13 16 
+radiation 

Della tocotrlenol 2 363 5 4 
+radioprotection+mice 

l(b)(4) If' emulsifier 0 0 0 0 
J(b)(4) I+ radiation 0 0 0 0 

l(b)l4) 0 0 0 0 
radioprotection +m lee 

r bl 2 1 a~ e f h pr,ov1 . es a summary o .· 1-ese sea.re; h es rom NIHR PORTER d t b - e - -a a. -ase 
Table1. Project Title Project Contact Pl I Project 

Number Leader 

Vitamin E Neuroprotection:Novel molecular 5R01 NS042617-08 SEN,CHANDAN K 
mechanisms 

Gamma tocopherol as an effective anti cancer agent 5R:21CA 133651 ~02 JIANG.,QUING 
for colon cancer 

Somatostatin analogs as countermeasure against 5U 19A 1067798= 10 HAUEF1=JENSEN,MARTIN 
intestinal radiation toxicity 

Intervention of pancreaHc oncogenic pathways with 5R01CA129227-05 MALAFA,,MOKENGE P 
dietary tocotrienols 

Predictino liver function alter irradiation 5R01CA132834·03 CAO.YUE 
Radioprotection of ihe immune svstem 5U 19A 1007769-05 MCBRIDE, WILLIAM H 

Lun,g radioprotection by inhibition of TNF·alpha and 5R01CA127477·04 ZHANG. MING 
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TNF-beta1 
Organismal radioprotection through pharmacological 5R44A 1084284-05 STRUM,JA Y COPELAND 

Quiescence 
E.valuatinn radiation medical countermeasures Y01Al1759, 1 ,0,.2 Unavailable 

Hlematopoietic targets of Radiation: Identification and SRO 1A1080401 -05 PALIS,JAMES 
mitigation 

Mitochondrial targ~ted small molecule radiation 5U19A1068021 ~10 GREENBERGER, JOEL S 
mitlaators 

Functional characterization of ATM gene product 5R0 1 CAd71387,14 KASTAN,MICHEAL 
BARAY 

Cell based small molecule screens of novel 5U19Ai067751-05 D'ANDREA,ALAN D 
radioorotective aoents 

Enhanding cancer trea1ment by normal tissue 1 R01CA184168-01 ROSENl,ELIOT M 
orotection 

Summary of the Search: N~:>ne of these oublished references are duolicative of the 
current orotoool.l(uJt4J 
10){4) 

Ill. OBJECTIVE I HYPOTHESIS: The objective of the present protocol is to compare 
Jhe radioprotective efficacy: of the following compounds with GT3 in Tween=80 used 
prevlousiy at AFRRi: 
a.l(b)(4) lin a formulation containin- emulsifying and stabilizing agents, 
b. DT3 formulation containin bH4> and emulsifying agents, 
c, GT3 formulation in and ernulsif in a: ents 
It is_h _ olhesized that 

IV. Milli ARY RELEVANCE: In the event of a nuclear related accident or terrorist 
activity, the first responders including military, fire and police personnel willl be at risk 
for exposure. The risks include mortality at higher doses such as 1 O Gy and above, 
while exposure to 2-8 Gy m~sult in severe hematopoietlc ablation, GI i1njury and 
ensuing infectious diseasesc:J Additional constraints in a mass casualty scenario 
such as significant delays in transport, disruption of communication and overfillingi of 
limilted hfsffitjl resources would increase the risk associated with exposure to ionizing 
radiation (b) 

4
> The availability of safe and effective countermeasures would greatly 

reduce the radiation risk. The efficacy of tocols, administered prophylactrcally in mice 
will allow us to advance one of the tocols (to be recommended after comparing the 
efficacy data from this study and programmatic hurdles) in large animals for FDA 
approval and national stock pile. 

V. MATERIALS AND METHODS 
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V.1. Experimental Design and General Procedures 

General experimental design: The experimental design for this protocol is divided in 
to 5 swbs·ections and each subsection covers a specific area: 

Section v.1.1 .: Basic toxicity 
Section v.1.2.: Proof of principle - survival studies 
Section v.1.3.: Drug optimization - survival studies 
Section v.1.4.: Dose reduction factor - survival studies 
Section v. 1.5.: Hematological studies - sublethal dose of radiation 

Sectioo v.1.1.: Basic toxicity 

We will adopt the modified toxicity protocol Optimal (non-toxic) Drug Dose for 
screening (ODDS) which has been used in our previous protocols l(b)(S) I 

1(6)(6) lat AFRRI to determine maximum tolerated dose (MTD). The purpose of 
using the ODDS method is that it allows testing in one gender (males in the present 
protoool) and requires fewer animals when compared to the FDA protocol. If the drug 
doesn't show any signs of basic toxicity (using the clinical sign discussed in Policy#10, 
Appendix 1 ), then the drug dose will be escalated 2 to 3 fold . However, if toxicity is 
observed. then the drug dose will be reduced by 2 to 3 fold~Finally, for survival 
studies we will use 1 /41h of the observed non-toxic dose. 

In our previous experiments using a protocol P:#(1bl(6) I tocols in 5% 
Tween-80 did not show syste15ic tfxicity although injection site inflammation was 
noted at a dose of 800 mg/kg 1 ><

4
> Here we propose to start the toxicity study with 400 

mg/kg dose (4 times the dose proposed for survival studies, section V.1.2). The dose 
will be reduced to 200 mg/kg if we observe inflammation in local injection site. 
However, if there are no observable inflammation in the injection site with 400 mg/kg 
drug. we will scale up the dose to 800 mg/kg (the new formulation with better 
emulsification of fat soluble tocols, may still be non- toxic at this high dose). We do not 
intend to increase the drug dose any furtherEJ 

The drug will be administered as a single subcutaneous (sc} administration under 
the nape of the neck. A vehicle with a similar composition but without the drug, will be 
us·ed as control. A maximum of six animals per drug dose will be used to evaluate 
toxicity. Animals will be monitored daily following IACUC Policy#10 for acute (first hoU1r 
and then every hour up to 4 h) and chronic (up to 14 days) signs of toxicity using the 
observation codes listed in Appendix 1. Signs of acute toxicity include decreased! 
acitivity, squinting eyes, hunching, labored breathing or injection site swell ing [29]. If 
there is a sign of toxicity, the Pl will facilitate the late PM and early AM checks (not 
more than 10 h apart) in addition to two times a day checks following Policy#10 to 
prevent animal distress. All morbid mice will be monitored carefully and their 
conditions scored for documentation (Please see section V.4.5). It animals treated with 
the 400 mg/~g dose show any sign of skin inflammation, one group of mice will be 
euthanized on day 14 and the other group of mice will be monitored up to day 30 after 
drug administration to allow the skin inflammation site to recover (Table 3). However, 
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animals treated with either 200 or 800 mg/kg of the test articles (TA) will be e.uthanized 
on day 14 after drug administration. 

Table 3: Acute toxicity study { 14 and 30 day) after a single sc drug administration 

Orug Groups (day 14 after drug 'of 

Dose administration) 
Groups {day 30 after drug #of animals End point 

(mg/kg) 
administration) groups per [whole blood) 

group 

Vehicle IAO + EL vehicle <tO + E). 
400 1<6)(4) !Gf 3(AO+E), 1(6)(4) Gf3(A0+E), 

6 CBC &Serum 
DT3(AO+E). and GT3 (5% DT3(AO+E). and GT3 (5% 10 chemistry 

fween"80 in PBS) f ween·80 in PSS) 

ltri)(4) iGT3(AO+E), 200 or None 6 
CBC & Serum 

800 OT3(AO+E) 3 chemistry 

Total no. of animals required"' 13 Qroups x 6 78 
AO+~-l(DJ( J emulsifying agents 

Note: Injection site skin will be stored in formalin for histopathological analysis if 
needed. 

Bodi'. wetqht changes: Each animal in the study will be weighed prior to drug treatment 
and weight loss/gain will be followed individually an days 2, 4, 7, 101 and 14 for groups 
ternninat,ed on day 14 and on day 21 and 30 for animals to be euthanized on day 30 
~Animals will be weighed at a specific time of the day (will be determined later). It 
should be no[ed that ODDS method only uses day i 4, however. for this study, based 
on discussions with the supplier and the tocol team at AFRRI, an additional time point 
of 30 day is included in order to observe any delayed recovery of hematological 
parameters, body weight changes and recovery (if any) of the injection site 
infla~mation. However. fo~additi~nal dose, 200 or 800 mg/kg, animals will be 
monitored only for 14 day~followmg the standard protocol. 

Hematological parameters and serum biochemical analysis: Blood will be collected 
under anesthesia by cardiac stiek or inferior vena cavae (see section V.4.4.1 for more· 
description about the procedure) on either day 14 or 30 after drug administration. 
Syringes wiill be wetted with Heparin (1000 units/ml solution). Part of the coliected 
blood will be transferred to EDTA tubes (200 µI) ·tor hematological analysis, The rest of 
the blood will be transferred to serum tubes (300-400 µI) for serum samples, and will 
be stored at-20C until analysis~Hematological parameters (CBC/differential} and: 
serum biochemistry will be analyzia'using an Advia 2120 hematology system from 
Siemens Corporation or any other validated system at AFRRI. 

Procedure: There will be six animals per group. and will be housed three per box. 
Each mouse wm be identified by standard ear punch or tattoo system. Each cage wm 
have an animal with a right ear punch, left ear punch and no punch. In the case of 
tattoo system, each animal will be tattooed on the tail prior to starting the experiment. 
The procedure is described under section V.4.4. 1 (surgical methods or procedures). 
Individual mouse willl be monitored for body weight loss and clinical signs of morbidity. 

All formulations will be tested via subcutaneous rou te. 

9 of 27 



Dose 1 (400 mg/kg) 
Day 14: 5 groups (Table 1) x 1 route {sc) x 6 mice per group= 30 
Day 30~ 5 grourps (Table 1) x 1 route {sc) x 6 rnioe per group ""30 

Dose 2 (200 or 800 mg/kg) 
Day 14: 3 grourps (Table 1) x 1 route (sc) x 6 mice per group ~ 18 

Subtotal = 78 

All mice will ce placed in Column E (V.4.1.1.1.4. Pain category Assignments, Table 6) 
since they might experience unalleviated experimental pain or distress due to drug or 
vehicle administration. 

Section V.1.2. Radiation survival study: 
There will be16 animals per group. Drug will be administered (sc) prophylac1icaHy 

24 hour prior to irradiation. Animals will be exposed to Cobalt 60 gamma radiation 
(9.75 Gy at 0,6 Gy/min). This dose represents the LD90/30 dose for CD2F1 malle mice 
(12-14 weeks old). Table 2 iprovides details of the experimental design. There will be 
four test article-treated (TA) groups and one con'lrol group (CA). 100 mg/kg will be 
used because it will be the i/4 MTD if 400 mg/kg is found to be non-toxic, GT3 in 
f ween·SO will be considered the positive control for this study. Animals will be 
monitored for 30 days post-irradiation. 

Table 4: Survival efficacy o1(b)(4) IDT3 and GT3 in special formulation as compared to GT3 in Tween-
80 

Radiation dose 9.75 Gy (app. LDso13o) 1 rad dose 

Vehicle (AO+EJ,Ktl)(4) IG'f3(A0>1-E). 5 groups 
Df 3(AO..,E). and GT3 (5% Tween~so in PBS) 
Drug administration, -24 h. sc 1 treatment 
Drug dose ·100 mg/kg' 1 drug dose 

Mice/group 16 
30 aay survival 1 time point 
iterations 2 
Total no. of animals reQulred 1 X 5 x1 x 1 x 1 6 x 1 x 2 = 160 
A0->1-E,.(b J( 4) emulsifying agent(s) 

•rhe dose was selected based on our previous published work on DT3 and GT3. This may change based on the toxicity 
data otl(6)(4) IGT3 and DT3 formulations _ 

Sub-Total C_D2F1 mice for efficacy studies = 160 

All mice will be placed in Column E (V.4.1.1.1.4. Pain Category Assignments, Table 6) 
since they might experience unallevia1ed experimental pain or distress due to 
exposure to radiation. 

Section V.1.3. 

0 timiza1ion studies: O timization studies will be initiated with all three new 
formulations (bl(4l DT3 in AO+E, and GT3 in AO+E). A vehicle group 
(AO+E) will be included in the study as required, Animals for three vehicle groups are 
included since each experiment may consist of only one formulatlon. All drug doses (3 
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(b)(4) 

per formulation, 50, 100 and 200 mg/kg, please note that these doses were selected 
based on our prev/~¥4~ p_l blished work on DT3 and GT3, these may change based on 
the toxicity data of GT3 and DT3 formulations) will be administered at -24 h for 
the drug optimization study. An amendment will be submitted to the IACUC if doses 
other ttian 50, 100, 200 mg/kg are to be used. However, for time optimization study 
only one of the drug doses from the drug optimization study will be used. The time 
optimization will include 3 different pre-irradiation time points (-24 h, -12 h, and -4 h). 
The radiation dose will be 9.75 Gy at 0.6 Gy/min for all of these optimization studies. 
Survival will be monitored for 30-day post-irradiation. 

Drug dose optimization stud,x: 

lhree (3) experimental groups {new formulations otl<bJ(4) IDT3, and GT3) X 3 drug 
doses (50, 100, and 200 mg/kg) x 1 radiation dose (LO 90/30} x 1 route (sc) x 18 
animals/ group Subtotal::::: 144 

fhree (3) vehicle groups (assuming each formulaiion is tested separately (on different 
days) x 1 dose (original formulation) x 1 radiation dose x 1 route x 16 animals/group 

Subtotal = 48 

fime optimization stud_X'.: 

Three (3) different time points (-24 h, -12 h, -4 h) x 4 treatment groups {1 optimum 
drug dose for 3 drugs+ 1 vehicle) x 1 radiation dose (LD90/30} x 1 route (sc) x 16 
animals per group 
Subtotal = 192 

All mice will be placed in Column E (Y.4.1.1.1.4. Pain Category Assignments, Table 6) 
since they might experience unalleviated experimental pain or distress due to 
exposure to radiation. 

Section V.1.4. Determination of Dose reduction 1actor (ORF): 

Among the new formulations. two will be used for the ORF stud . Since the 
formulation ltb)(l) laitherl(bl(4> !formulation CbJ< or DT3 
(100% DT3) along with the GT3 formulation (100% GT3) will be used to conduct ORF 
studies, since these formulations may be advanced to large animal studies. Another 
group that wi1ll be included for comparison will be the vehicle (AO+E) group. Drug or 
vehicle will be administered 24 h prior to radiation (time of administration based om 0U1r 

l{b)<4) I administration time may change if the proposed time 
is not the optimum time in experiment V.1.3 Time Optimization Study). Six radiahon 
doses will be selected for the drug groups. Similarly 6 radiation doses will be chosen 
for the vehicle group, but these may change depending on the survival profile of 
vehicle groups at higher rad iation doses. Radiation doses will be selected so 1hat the 
lowest dose will give 100% protection and the highest dose will give 100% mortality. 
Four additional intermediate doses will be selected, which will provide varying degrees 
of protection. From the probit analysis, LDS0/30 radiation dose will be calcu lated for 
vehicle and tocols D From these data, the DRF will be calculated as follows: 
ORF = LOS0/30 radiation dose for tocol / LDS0/30 radiation dose for vehicle 
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Six radiation doses (9. 10, 10.5, 11 , 11.5 and 12Gy)" x 2 drug groups 116)(4) IDT3, or 
GT3) x 16 animals/rad dose Sub total (6 x 2 x 16) = 192 

Six radiation doses (8.5, 9, 9.5, 9.75, 1 O and 10.5 Gy)" x 1 vehicle group (AO +E) x 16 
animals/group Subtotal= (6 x 1 x16) = 96 

"These radiation doses are projected based on an earlier probit study and are considered a guidance. 
The appropriate radiation doses will be determined using the new dosimetry map (07/09/2014). An 
amendment will be submitted to the IACUC if the radiation doses change from what is staled here. 

All mice will be placed in Column E (V.4.1.1.1.4. Pain Category Assignments. Table 6) 
since they might experience unalleviated experimental pain or distress due to 
exposure to radiation. 

Secl19n V.1.5. Amelioration of perlpheral blood pancytopenla. 
One of the earliest expressions of radiation effects is pancytopenia in peripheral! blood 
as a result of shut·down of cell production in the bdne marrow. Particular attention will 
be given to radiation-induced neutropenia (innate immunity and infectious 
complications) and thrombocytopenia (hemorrhagic compllcations) .ln this experiment 
one radiation dose will be used - 7Gy (hematopoietic range). The experimental design 

(bl<4> will be followed as described previously[] Drug or vehicle will be administered SC 24 
h prior to radiation (time of administration based on our published data on GT3 and 
DT3, administration time may change if the proposed time is not the optimum time in 
experiment V.1.3 Time Optimization Study). An amendment will be submitted to the 
IACUC for any proposed changes to the time of drug administration. Blood will be 
drawn from deeply anesthetized mice at O time, 1 day, 4 days, 7 days, 1 O days, 20 
days, and 30 days after irradiation. Blood will be collected from the inferior vena cava 
or cardiac stick (as described in section V.4.4) into heparinized syringes, transferred to 
EDTA tubes. and .total leuk?~ytes •. erythro.cytes, neutrophils, plat.elets, lyjR~~ortes , 
and monocytes will be counted using Adv1a 2120 cell counter (Siemens) t 

Without radiation: 
lhree drug formulations l(b)/4) lor DT3, GT3, veh ide (AO+E)) x 7 time-points x 6 
mice/ group x 1 route of administration x no radiation Subtotal (3 x7 x 6) :::::: 126 

With radiation 
Three drug formulationsl<6>t

4
> lor DT3, GT3, vehiclle (AO+E)) x 7 time points x 6 

mice/group X 7 time-points X 6 mice/group x 1 route of administration 1 radiation (7 
Gy) 

Subtotal (3 x7 x6) = 126 

All mice will be placed in Column E (V.4.1 .1 .1.4. Pain Category Assignments. Table 6) 
since they might experience unalleviated experimental pain or distress either due to 
exposure to radiation or deep anesthesia during blood draw. 

V.2. Data Analysis All data will be reported as means with standards errors or 
percentages where applicable. 
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Experiment V.1.1 (ODDS) - This is a qualitative study so no additional statistics will be 
conducted. 
Experiments V.1.2 (preliminary survival study) and V.1.3 (Optimization study)- Using 
calculations based on log rank test with 80% power and 5% two-sided significance 
level, we have determined that this protocol design has adequate power based on our 

(bX4> _________ pr_alliously publishad -studiesEJDitferences in 30-day survival (Experiments V.1.2 and 
V.1.3) will be analyzed using Fisher's exact test. Experiments V.1.2 will be repeated a 
maximum of 2 times with 16 mice per group, thus providing adequate statistical power 
for any conclusions. 
Experiment V.1.4. (Dose Reduction Factor study) - Probit analysis will be used to 
generate the LOSO of the drugs under study using PASW Statistics (version 1 8). In our 
past experience, 16 animals per dose with six radiation doses has been sufficient to 
determine a probit line fit to mortality data for ORF calculationsnAt-least.threeoutoL.~~!<4.>. 
the six doses should sustain survival other than 1 oo or o perceninney's methods 

~~~~~~~~~ 0~ 1~~k:o~~~~~~~~~~;~:::~~~~~;r~n~: g~!~1~·~···9~~-~-~~ (aver~gi~go~er .. · (b><

4

> 
time points) , a repeated measures ANOVA with 6 animals per group measured at 7 
time points will have 80% power to detect a difference of 0.91 standard deviations if 
the within-subject correlation is 0.2. For comparisons between groups at a single time 
point, the proposed sample size will have 80% power to detect a difference of 1.8 
standard deviations between groups, based on a t-test for independent samples with a 
5%, two-sided significance level. Previous studies have yielded differences of this 
magnitude~ 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered Although high throughput screening and 
computer modeling have advanced significantly in recent years in identification of 
promising drugs, it would be simplistic to assume that cell systems or artificial 
intelligence modeling can replace the data that can be generated by using an animal 
model. Irradiation of animals will result in a cascade of changes including death of 
stem and progenitor cells in bone marrow, alterations in signal transduction pathways, 
multiple organ dysfunctions etc. due to differing radiosensitivlties of organs. Currently, 
there are no alternatives in existence that can predict or compute the complexity of the 
response to total body irradiation. The US FDA recognizes the ethical considerations 
involved in testing the efficacy of radioprotective drugs in humans. Therefore FDA 
requires preclinical drug assessments (safety and efficacy) to be performed using both 
small and large animal models [31] prior to granting approval for safety testing in 
humans. 

V.3.2. Animal Model and Species Justification Recent advances in molecular 
techniques have allowed significant improvements in understanding the cellular and 
biochemical processes. These advances are possible only due to whole animal 
modeling of human ailments. The mouse, in particu lar, has high sequence homology 
to humans at a genomic level as well as similar hematological and immunological 
response to radiation. Mouse models not only confirm primary pathological processes 
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but have also provided a venue for studying basic molecular, cellular, biochemical, 
and cytological processes. Furthermore , there are extensive data on the mouse for 
comparison. review and analysis. The practicalities of breeding and housing these 
small mammals have made the mouse model invaluable. The Principal Investigator's 
group at AFRAI has significant training and experience in handling mice in radiation 
countermeasure studies. In this protocol, we will use male CD2F 1 mice since this a 
historical strain AFRRI has been using for last 30 years. The Pl also has used this 
strain in previous studies. To compare the previous data with this study, Pl will use 
only male CD2F1 mice. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species: Mouse, Mus muscufus 

V.3.3.2. Strain I Stock: CD2F1 , 

V.3.3.3. Source I Vendor; CD2F1 from Harlan Inc. or any other approved vendors 

V.3.3.4. Age : (procurement) 7-8 weeks 

V.3.3.5. Weigl'tt (d el ivery) 22-26 grams 

V.3.3.6. Sex Males have been used historically and will continue to be used in this 
study. 

V.3.3.7. Special Considerations Commercially procured animals must be 
adventitious disease free. Specific pathogen~free, including Pseudomonas 
aeruglnosa. and pasteuralla sp. All mice need to be free of the following agents: 
Sendai , Pneumonia Virus of Mice (PVM). Reovirus-3 (Reo 3), Mouse Adenovirus 
(MAD-1, MAD-2), Mouse Cytomegalovirus Virus (MCMV), Ectromelia, K virus. 
Lymphocytic Choriomeningitis Virus (LCM), Epidemic Diarrhea of Infant Mice (EDIM), 
Hantaan virus. Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse Minute 
Virus (MMV). Mouse Thymic Vims (MTV). Theiler's Mouse Encephalomyelitis Virus 
(TMEV/GDVll); Encephalitozoon cunicu!i, CAR bacillus, Mycop!asma pulmonis1 and 
Clostridium piliforme. Endoparasite· and ectoparasite -free. 

V.3.4 N umber of Animals Required {by species · (Tab e 5). )J 
Animal (genus. si:iecies a"ld common Original 

names) 

CD2F1 1162 

V.3.5. Refinement, Reduction, Replacement (3 R 's) 
V.3.5.1. Refinement: Pl will take necessary steps for all personnel in the project to be 
rigorously trained in handling techniques (ear-punch, injections, and routine cage-side 
observations) to minimize distress and pain to the animals. Specifically, during capture 
and restraint of the rodents. care will be taken to ensure that handling does not 
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contribute to distress. Topical ointment/lubrication gel will be used, if necessary, to 
prevent drying of the cornea as well as at the site of drug injection in consultation with 
attending veterinarian and veterinary staff. 

V .3.5.2. Reduction Although basic toxicity and suNival will be carried out on all three 
formulations. additional studies will be done with the best formulation. Positive controls 
and negative controls will be used to confirm robustness of experimental conditions. In 
addition, control groups (such as vehicle) will be shared whenever possible between 
formulations that are dissolved in similar vehicles. In classical toxicology testing, 
groups of 10-20 mice of both sexes are routinely used. In using the ODDS method 
(current protocol), we will reduce the m..1mber of animals to 6 per group, and use only 
males. thereby reducing animal numbers significantly. 

V.3.5.3. Replacement It is not feasible to use non-animal systems in place of actual 
animal models to address the questions in this project. Rodents are considered 
sentient and hence rodents will be used for screening large number of potential 
radiation countermeasures. 

V,4. Technical Methods 
V .4.1. Pain I Distress Assessment 
v .4.1.1. APHIS Form 7023 lhformation 
V .4.1.1.1. Number of Animals 1162 

V.4.1.1.1.1. Column G _ _..o_ (# of animals) 

V.4.1.1 .1.2. Column 0 _O_ (# of animals) 

V.4.1.1.1.3. Column E 1162 (#of animals). These mice will be either treated 
with drug or vehicle or irradiated and wil l not receive any intervention for pain1 relief. 
However, they will be euthanized if found moribund. The mice (#126, expt V.1.5) not 
receiving any radiation, will be under deep anesthesia for blood collection. 

V.4.1.1 .1.4. Pain Cateoorv Assignments: (Table 6) 
Exp. # Experlmentel/Control Group c D E Totals 

V.i .1. ODDS safety/ toxicity study 18 78 
V.1.2. Radiation survival studies 160 160 
V.1.3. Optimization studies 384 384 
V.1.4. Dose reduction factor studies 288 288 
V.1.'5. Hematology 252 252 
Totals: 1162 11 62 

V .4.1.2. Pain Relief I Prevention. Animals can experience pain and distress. 
Minimizing and alleviating pain in laboratory animals without compromising the 
methodological integrity of a research project is important both ethically and legally. 
Mice often exhibit pain and distress with only subtle changes in their behavior [32). 
Potential signs associated with pain and distress in mice includes decreased food and 
water consumption. weight loss, self-imposed isolat ion/hiding rapid breathing, opened-
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Mouth Br,eathing, abdominal Breathing, decreased movement, abnormal posture, 
muscle rigidity, twitch ing, trembling, tremor etc as included in Appendix 1 (sample 
scoring sheet for clinical observations with criteria for rodent euthanasia) in IACUC 
policy#10. Pl and her staffs are trained to assess the presence or absence of pain or 
distress in animal and score them appropriately. 
V .4.1.2.1. Anesthesia I Analgesia I Tranquilization The protocol will not use 
anesthetics or analgesics during radiation since they will adversely affect the outcome 
of the experiments. The proposed study is to determine the ettects of radiation and 
countermeasures on the function of the immune and blood forming systems. Use of 
any analgesics and anesthetics would interfere with the function of the immurne system 
and therefore compromise the interpretation of the results [33]. Topical antibiotics will 
be applied if wounding occurs via in-cage fighting, under the guidance of the clinical 
veterinarian in accordance with standard treatment measures. 
Anesthesia using standard lsoflurane apparatus under the guidance of the VSD will be 
carried out in mice for blood collection. All personnel will be extensively trained for 
efficient administration of the agents as wel l as to minimize handling stress. 
Animals will be placed in the lsoflurane chamber and delivered a metered amou1n1 of 
3-5% lsoflurane mixed with 100°/o oxygen until all vo luntary motor movement ceases 
and the animal is recumbent for 10 seconds. Animal's respiration ra·1e will be closely 
monitored through the Plexiglas chamber during induction of anesthesia. When 
animals are recumbent, they will be removed from the chamber and their nose/mouth 
placed in the anesthesia apparatus breathing/gas administration cone for maintenance 
of anesthesia at 1-3% lsof lurane and 100% 02. 

V.4.1 .2.2. Pre- and Post-procedural Provisions Mice will be housed under standard 
conditions both before and after radiation procedures in accordance with current VSD 
rodent husbandry Standard Operating Procedures (see section V .5). 

V.4.1.2.3. Paralytics: NIA 

V.4.1 .3. Literature Search for Alternatives to Painful or Distressful Procedures. 

V.4.1.3.1 . Sources Searched AGRICOLA, PubMed. EMBASE 

V.4.1.3.2. Date of Search 02/09/2015 

V.4.1.3.3. Period of Search AGRICOLA: 1975-2004, EMBASE 1974-present 
PubMed ..... 1970 to present. 

v .4.1.3.4. Key Words of Search 
Radiation and pain, [Gamma tocotrienol, Delta tocotrieno1,ll6l;; !toxicity and 
pain, analgesia, alternative, humane. alternative methods toood collection by 
cardiac stick and inferior vena cava. 
In order to increase specificity of literature review, several combinations such as 
radiation plus specific drug. radiation plus specific drug plus mice, alternatives to blood 
collection, Delta-tocotrienol, Gamma~tocotrieno1, l16)(4) lAND toxicity AND pain 
were evaluated. 
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Results of Search; 

Table 2:Summarv of Database Kevword Searches 
Hits 

Keywords Pub Med AG RICOLA l EMBASE 
Gamma-tocotrienol AND radiation AND oain 0 0 0 

Oelta·tocotrlenol AND radiation AND oain 0 0 0 
11u1(4) IAND radiation AND pain 0 0 0 

Gamma-tocotrienol AND analaesia AND oain 0 0 0 
Doltn tocotrienol AND analqesia AND pain 0 0 0 

110)(4) Ll\ND analaesla AND oain 0 0 0 
Radiation AND mouse AND oain 234 0 224 

Gamma·tocotrlenol AND toJdcitv AND oain 0 0 4 
Delta-tocotrienol AND loxicirv AND oain 0 0 2 

llOJ\4) I AND toxicity AND pain 0 0 0 
Alternatives to blood c<:>llection by cardiac stick and 0 0 0 

inferior vena cava 
Pain AND analoesia And mice 1873 37 2236 

Radiation AND mouse AND Min AND alternative 5 0 11 
Radiation AND humane 12 1 34 

l here are no alternatives to irradiation. Whi le radiation itself does not cause pain or 
distress, it induces a number of changes in the body that alters immune response and 
destroys hematological tissues, resulting in opportunistic infections, and multiorgan 
dysfunction leading to death. It is anticipated that animals exposed to high lethal 
radiation doses will become moribund. Unfortunately, literature clearly demonstrates 
that use of analgesics alters radiation response and therefore leads to increase in 
animal number for better statistical resu lts or for iteration of entire experiments. Since 
the purpose here is to compare the efficacy of the three experimental drugs we will be 
unable to use analgesics and anesthetics because they may interfere with1 the innaite 
system [33]. 

V.4.1 .4. Unallevlated Painful or Distressful Procedure Justification: Because 
exposure to irradiation is potentially lethal or causes debilitating effects in humans, it is 
ethically impermissible to test the effectiveness of radiation countermeasu(es on 
human volunteers. Irradiation compromises the immune and blood forming systems 
leading to mortality. The radiation-induced mortality and potential percentage increase 
al $urvivors over 30 days using potential radiation countermeasures are study 
endpoints for this protocol. Administration of drugs and analgesics is not an option 
since it is well documented that they interact with the immune system which will 
contuse the interpretation [34-36]. Pain rel ieving measures are not used because 
such measures may compromise the experimental integrity of the study. All moribund 
animals will be euthanized by overdose of CCk inhalation and cervical dislocation. 

V.4.2. Prolonged Restraint: The experimental animals will receive radiation at a 
dose rate 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facili ty. An imals will 
be irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
07(09/2014; or the latest dosimetry map) using plastic racks. Mice will be inserted into 
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the standard radiation boxes just prior to irradiation (-15 min of exposure time) and 
taken to the cobalt facility for irradiation. Animals will be restrained for no more than 60 
min and returned to cages at the end of the irradiation period. They will be monitored 
daily following policy 1 O (3-4 times a day during critical period with no more than 10 h 
interval between late night and morning check and at least twice a day during non
critical period) for 30 days and euthanized at the completion of the observational 
period. 

V.4.3. Surgery: NIA 
V.4.3.1. Pre-surgical Provisions: NIA 

V.4.3.2. Procedure(s): NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Major Survival Operative Procedures: NIA 

V.4.4. Animal Manipulations: 
V.4.4.1 Ear punch: Three animals/group will be housed per shoe box during the 
toxicity study (section V.1.1.). They will be identified by ear punch (one animal will 
have a right punch, the second will have a left punch and the third will have no punch). 

Procedure for ear-punch 
a. Soak the ear punch (Fine Science Tools, Cat# 24212) in a disinfectant (100% 

ethanol) before use and between animals. 
b. Place the device on the pinna of the ear (external ear) where the skin is thin 

avoiding the cartilage. 
Press firmly to punch a circular hole through the ear 

Tattoo procedure: VSD SOP will be used. 

Irradiation: These will follow the standard AFRRI protocol with mice placed in 
restrainers shortly prior to exposure, irradiation at the cobalt facility and return to VSD 
for further monitoring. Briefly, the experimental animals will receive radiation at a dose 
rate of 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be 
irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
07/09/2014) using plastic racks. Animals will be restrained for no more than 60 min 
and returned to cages at the end of the irradiation period. They will be monitored daily 
following policy 10 (3-4 times a day during critical period with no more than 10 h 
interval between late night and morning check and at least twice a day during non
critical period) for 30 days and euthanized at the completion of the observational 
period. In case of non-lethal exposures, mice will be harvested at specific time-points 
after irradiation, and tissues collected after terminal blood draw. 
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Blood collectlon: Mice will be anesthetized as described under section V.4.1.2.1 
(anesthesia). Blood draw for hematology is collected either by cardiac stick or from the 
inferior vena cava (IVC). The animals will be deeply anesthetized in the rodent 
anesthesia machine; the tail will be pinched for reflexive movement, indicative of 
insufficient anesthesia. If there is no response, the animal will be moved to the station 
with individual nose cone for continued anesthesia. An incision will be made on the 
right side below the abdomen of the animal, closest to the IVG, the vein exposed and 
blood drawn with a 1 ml syringe with 23 G needles. Similarly, cardiac stick will be 
performed on the animal positioned at the platform under anesthesia. An one ml 
syringe with 23 G needle will be inserted underneath the Xyphoid at a 45 degree angle 
towards the left side of the thoracic cavity into the heart and blood will be drawn. In 
both cases, the animals will be immediately euthanized on completion of blood draw 
by cervical dislocation. 

V.4.4.2. Injections: Subcutaneous injections will be given with either a 23 or 25 G 
needle to the nape of the neck of 0.1 ml (maximum volume 1 ml for 25 to 38 g 
animals). A disposable sterile needle will be used for all sc injections. One needle will 
be used per cage containing generally 4 animals. Endotoxin testing for all drugs will be 
completed prior to any animal testing at AFRRI and a report submitted for IACUC/VSD 
review and approval. The endotoxin tests are conducted by Charles River 
Laboratories. At the same time, pH will be tested to ensure that it falls in the range {6-
8 for sc administration) stipulated by IACUC. It is expected that the osmolarity will not 
be more than AFRRI IACUC's recommended levels (Policy#9). 

V.4.4.1.1 . Pharmaceutical Grade Drugs 
V.4.4.1 .2. Non-Pharmaceutical Grade Drugs 
Research rade DT3, GT3, and l l<4l formulations will be su · 

Cb l and will be tested at 
AFRRI using the current protocol (using AFRRI intramural funds for animal studies). 
All fom1ulations will be tested for endotoxin by Charles River Laboratory before using 
in ~he anim~1lft:tiPj and osmolality will be tested at AFAR!. Pure GT3 also will be 
supplied lb and will be used as positive control (formulated in 5% Tween-80 at 
AFRRI) based on our previously published studies. We are not expecting any toxic 
effects in animals for any of the formulations. The following formulations will be 

lied b 

V.4.4.2. Biosamples: NIA 

V.4.4.3. Adjuvants: NIA 
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V.4.4.4. Monoc lonal Antibody (MAb} Production : NIA 

V.4.4 .5. Animal Identification Generally, cage cards will be used to distinguish drug
treated and control groups. This will be a blinded study. Three drug groups will be 
designated as X, Y, and Z. Only vehicle group will be identified. Animals will be 
randomly distributed in groups. Some experiments might necessitate ear punch or 
notch or tattoos by personnel to identify individual animals in a cage. Ear punch wi ll be 
performed as described in VA.4. 1. 

V.4.4.6. Behavioral Studies: N/A 

V.4.4.7. Other Procedures: NIA 

V.4.4.8. Tissue Sharing All tissues from the animals used fn toxicity study will be 
preserved for histopathologlcal analysis by tl1e VSD pathologist. The pluck method will 
be used to harvest all the organs from tongue to recturn, brain, sternum. femur and 
blood may be collected at euthanasia. Tissue from irradiated mice (brain, GI, spleen, 
lung, liver, kidney) will be collected for histopathology at intervals. 

V.4.4.9. Animal By-Products: NIA 

V .4.5. S tudy Endpoint: The time frame for experiment V .1.1 (basic toxicity) will be 14 
and 30 days after final drug dose administration. 
The radiation survival studies will span 30 days after radiation exposure {experiments 
V.1.2, V.1.3. and V.1.4. ). Serial sampling by terminal procedures is projected on 7 
different time points after drug or irradiation for experiment V.1.5. 
It is anticipated that the animals involved in these studies may succumb to death either 
due to a drug administration or radiation or a combination of the two. To maintain a 
suitable bas,eline for humane treatment of the animals while adhering to the study 
objective, the IACUC recommendations stipulated in Policy Letter #10 with some 
minor modification (as stated later in the paragraph) will be implemented for judging 
morbidity and moribundity. The moribund condition is defined as a clinically 
irreversible condition leading inevitably to death. Signs of morbidity in the mouse 
include difficulty in breathing, ruffling of hair, drying of lacrimal fluid , fall in body 
temperature, loss of appetite with/without diarrhea. A modified IACUC policy #1 O will 
be used to record the scoring of clinical signs of pain in animals (attached Appendix 
1 ). f> I would like to modify the "Increased breathing" to "Changes in breathing" under 
"Respiratory rate·• and chan e the score as 3 as used in the on oin NIAID screening 
protocol P# Body 
weights are not included since there is no clear corre at1on between ody weight loss 
and mortality. The objective of the present protocol is to compare the radioprotective 
efficacy o~roic4> lwi!hGT3 in Tween-80 stydied pre\(jously atAEBRI for last 8 
ears in five rotocolsl<0XW- I 

(bJ<5> . The Pl is concerned tha1 lf the morbidity scoring, particularly weight loss 
scoring (which was not used in previous experiments) in combination with other 
morbidity criteria will lead to increased euthanasia and hence otentiall affect the 
outcome of the results. 

i........~~~~~~~~~~~~~~~~~~~~-' 
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Further, other 
1..-....,......,...-.-------------..----...-....----. ........ -.---------....... ----.......... ra iat1on researchers do not use body weign·11oss as a morta 1ty cnterion (37). 

However. body weights will be recoded and action for humane endpoints will be taken 
as follows (please see attached modified score she et): 
a) Body weights will be recorded prior to radiation. 
b) Once animals reach a score of 61 weights will be recorded and monitored with each 
subsequent scoring change. 
c) Animals who exceed 35% body weight loss with any other clinical signs are scored 
at a 12 and will be euthanized immediately. 
To adhere to the policy of preventing animal distress, the Pl will facilitate the late PM 
and early AM checks (not more than 1 O h apart) in addition to two times a day checks 
during the critical lethality period (early morning, late morning, and late afternoon and 
evening). During non-critical periods, we will continue to check animals except late 
night. All morbid mice will be monitored carefully and their conditions scored for 
documentation (Appendix 1, revised scoring sheet). 
Pl will use a scoring card for each animal in the critical period and scored in each 
observation. Scores below 6 will not be recorded in the scoring sheet. Mice will be 
euthanized if there is a score of 12 in a single category or a cumulative score of 12 in 
multiple categories. 

No supportive care is proposed, however, moribund animals will be immediately 
euthanized. VSD veterinarians will be consulted for all matters regarding the animal 
welfare. 

V.4.6. Euthanasia 
It is anticipated that at high radiation doses, animals will demonstrate varying1 degrees 
of morbidity and moribund, which makes it critical to define the criteria for euthanizing 
the animals without undermining the study objective. 
In toxicity studies, if any animal shows discomfort (hunching, decreased achvity, 
inappetence, separation from cage-mates), that animal will be under careful 
observation on consultation with the attending VSD veterinarian. Mice found moribund 
(defined in V.4.5.) or meeting the criteria for euthanasia following IAUC poloicy#10 
(score sheet attached) wi ll be euthanized by C02 inhalation plus confirmatory cervical 
dislocation by investigator/technician according to the directives of the VSD-SOP and 
in accordance with current AVMA Guidelines on Euthanasia [38, 39]. At thte conclusion 
of the experimental time frame, all animals that survived the procedures of irradiation, 
drug intervention and controls, will be euthanized by C02 inhalation plus confo'matory 
cervical dislocation and their carcasses disposed of according to VSD regulations. An 
aiternate method of euthanasia by cervical dislocation after exsanguination (by cardiac 
stick or inferior vena cava) under lsoflurane will be applied in experiment V.1.5. 

V.5. Veterinary Care 
V.5.1. Husbandry Considerations The AFRRI vivarium follows stringent protocols for 
the housing and care of all animals. The Pl and designated team members will adhere 
to all the policy and guidelines set forth by standard operating protocols of the VSD. 
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The specific requirements for mice housing should meet the following criteria of 
opportunity for social interaction, opportunity to carry out normal behavior and the 
opportunity to rest and withdraw from each other [40]. Mice are social animals and 
hence will be caged together in groups of 4 or 8. For ODDS testing, mice will be 
housed in groups of 3 or 5 mice per cage and identified individually as described. 
Nestling pads will be provided in each cage during bedding changes. In cage shelters 
will also be provided as an enrichment strategy at the discretion of the Pl depending 
on experimental conditions. Animals will receive Harlan Teklad Rodent Diet (w) 8604 
and water ad Hbitum. Acidified water (pH 2.5 - 3.0) is routinely provided to AFRRI 
mice used in radiological experiments. Cages will be regularly changed and cleaned 
by VSD staff in accordance with Standard Operating Procedure. Animals will have 12 
h light/dark cycle. Animals will be habituated to their surroundings and routine 
procedures prior to experimentation. In the event of procedures that last into the night 
cycle, care will be taken to minimize exposure to light. 

V.5.1.1. Study Room As assigned by VSD 

V.5.1.2. Special Husbandry Provisions NIA 

V.5.1.3. Exceptions Mice will be socially (group) housed as described above, except 
when there is a possibility that during survival studies cage mates may be lost through 
attrition and for a period of time the sole surviving mouse may remain singly housed 
until the end of the 30-day study. 

V.5.2. Veterinary Medical Care We do not project routine veterinary medical care of 
animals for injuries/inflammation related to injection site inflammation. In case of minor 
injuries arising from fighting, topical application of antibiotics is acceptable with 
consensus from the Pl and VSD 

V.5.2.1. Routine Veterinary Medical Care Experimental animals will be observed 
daily by either the investigator or technician or both. VSD personnel will monitor all 
animals during their routine rounds as per VSD SOPs. In the course of the study, as 
animals approach morbidity, the research staff observations will be increased to a 
minimum of at least three times a day, early morning and late afternoon (includes 
weekends and holidays). The timing between the late evening and early morning 
check will not exceed ten hours during the critical period. There is no supportive 
therapy contemplated since this would compromise the experimental results 
(described earlier in the end point and pain category sections). 

V.5.2.2. Emergency Veterinary Medical Care. Moribund animals (gasping, 
recumbent, non-responsive to mild stimulus) will be euthanized by trained personnel. 

V.5.3. Environmental Enrichment: As provided by the husbandry staff to animals 
not on active experiments. 

V.5.3.1. Enrichment Strategy Nestling pads wfll be provided in each cage during 
bedding changes as per AFRRl-VSD SOPs. 
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V.5.3.2. Enrichment Restrictions 

VI. STUDY PERSONNEL. QUALIFICATIONS AND TRAINING (Table 10) -

NAME I DEGREE I TRAINING I DATE PROCEDURES 
lDJUl) 1, 3, 4b, 5 

1 3, 40,5 
1, 3, 4b. 5 
1, 3, 4b.5 
i, :l 4b, 5 
1, 3, 4b 5 
1, 3, 4b, 5 
1, 3, 4a, 6 

Procedure and marnpulat1on codes. 
Code 1 • Animal handlling and euthanasia 
Code g =Surgery (aseptic techn'1que) pre- and post-operative care 
Code 3 - injeci'1ons (31l- i'JJ, ~b-se, 3e-gavage) - can say 3 Ir trnined lo all rnar.lpulaiions ot add 3d-lv 
Code 4 = Blood coltec:tlon under Mesthesia (4a-cal'dlac, 4b-postertor ve11a cava) 
Code 5 ~ Ti!;sue coll6eliOl'l (after (:;u!hMasia) • rJoasn'I need to M specific 
Code 6 = Implantat ion (providi'> details) 

-
YRS/MOS 

EXPERIENCE 
PJlDJ 

Code 7 = O~hers - (provide protocol specific manipulations or procedures tor e.g., retro-orbital bleeding. tail vein injection, or drug 
l'lelivery) 
~Trained in retro-orbital injection, tail vein injection and tumor implantation. 

VII. BIOHAZAROS/SAFETY All personnel working in the protocol have undergone 
necessary training in handling experimental animals. The amount of drug used will be 
small and standard safety precautions will be taken while handling them in the 
laboratory arnd in the vivarium. All personnel listed in the present protocol have been 
trained as general radiation users on a regular basis. All investigators and personnel 
will use appropriate protective gear while in the vivarium as described by the VSD. All 
listed personnel are current in safety training and medical surveillance. 

VIII. ENCLOSURES none 
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X. ASSURANCES 

Protocol Title: Radiation Countermeasure Screening for Protection and 
Mitigation in the lab Mouse , Mus musculus. 

As the Principal Investigator on this protocol. I acknowledge my responsibilities and provide 
assurances for the following : 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC prior 
to its implementation. 
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8 . Duplication of Effort: I have made every effort to ensure 1hat this protocol is not an 
unnecessary duplication of previous experiments. 

C. Statlstlcal Assurance; I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and lhal the minimum number of 
animals needed for scientific validity will be used. 

D. Blohazard I Safety: I have 1aken into consideration and made the proper coordination 
regarding all applicable rules and regulations concerning radiation protection, biosafety, recombinant 
issues. and so forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observatiohs described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused 10 the animals as a result of the procedures 
I manipulations. 

F. Re'sponsibllity: I acknowledge the inherent moral, ethical and adrr1inlstrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health. comfort, welfare, and well·being of the 
research animals. Additionally, I pledge to conduct this study in the spirit or the fourth "A", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s) : ~I AM NOT conducting biomedical experiments. which may 
potentially cause more t~n mameot~ry or slig~t pain o: distress to animals. If 31?Plicable, pot~ntial pain 
and/or distress WILL I Will NO be reheved with the use of anesthetics. analgesics and/or 
tranquilizers. I have considered alternatives to such procedures: however, I have determined that 
alternative procedures are not available to accomplish the objectives of this proposed experiment. 

l(b)(6} 

Principal Investigator (Printed Name) Principal Investigator (Signature) 
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Appendix 1. 
Clinical Observations with Criteria for Euthanasia (Rodent) 

Criteria: 
Appearance: 

Respiratory Rate: 

Dcsniption: 

Nnrirntl (rn1oolh coal. dear eyes/nose) 0 
Hunched and/or Huffed I 
Ocular discharge, and/or edema 3 
Soft stools (fecal matter around anus} 5 
Pak. white mucus n1c111bnu1cs/skin 6 
Bloody diarrhea 9 
Blue mucus membranes/skin (cyanusisJ* 12 

Normal hrcathing 0 
Change in hn:athing (an increase or uccrc<tSl' in respirntory rnlc from normal hasc!inc) 1 
Abdominal breathing (gasping+/- open rnoulh breathing)* 12 

General H..::havior: 
Normal (hased on baseline ohservations) 0 
Strctchi11~ or hind limbs with ahdominal motion (writhe> or grimace (App. R and CJ I 
Decreased mobility 2 
ALHx.h.1. wobbly. weak 6 
[nahility to stand'" 12 

Provoked Behavior: 
Normal (moves when citgi: is disturhcd, runs f"rom h<md (mice) or invcstig<1tes (mt)) 0 
Subdued; responds tu stimulation (moves away briskly} 
Suhducd even to stimulation (moves aw<1y ,;Jowly) 3 
Unresponsive to gentle prodding 6 
Does not right when placed gently on side within 5 second~* 12 

Weight loss 
0-35% with no other clinical signs 
2J5"a' weight loss 

"' Regardless ol' score, immediately euthanize (death is imminent) 

Individual or Cumulative Score: 
< 6 Normal 
6 - 11 Morhid: Sec VL D.2 and Vl.D.4 in IACUC Policy# l 0 for guidelines 
'.': 12 Moribund: Notify responsible personnel immediately for euthanasia (if no singk: criteria is 12*). 

Any sini;h: critcriu or 12* culh<mizc immediately; consider as ·found dead.' 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(April 2015) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and 000 instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol tor IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings. all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation tor responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRl Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations no1 covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., concepts, 
ideas, experimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 

*** DELETE THIS PAGE PRIOR TO PR'OTOCOL SUBMISSION*** 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL. SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBERf b)(6) I 

St.bmission Date: 6/25i2015 2"" Resubmission Date: 

Approveo'Returned lot Revision; 711412015 Approved/Approval Withheld by IACUC: 

1" Resi.bmission Date: 71211:2015 EXPIRATION DATE: 

Approved/Returned for Revision: 7/29~015 Previous Protocol Number (ii related) 
SECOND TIER REVIEW 

(if required) 

Submission Date: Approvoo/Rotumod for Revision: 

Approved/Returned tor Revision: 2"" Resubmission Date: 

P' Resubmission Date: Approvecl/ Approval Withheld: 

NOTES to Pl : 
• To DISPLAY this Word document's red-text instructions, Revitw 11•ew Ot•tlopu 

·single-click Word's Show/Hide button \shown, right), 
located in Word's top-of-page panel (click Word's 
"Home" tab If Show/Hide isn'1 displayed) . 

• To HIDE the red-text instructions, single-click the 
Show/Hide button again. 

7130!2015 

713112015 

7130/2018 

Show' Hide 
button 

• For each section and subsection, enter your text into the underlined data field { ) only. Do not 
make entries inlo the red-text instruction lexl. Single-click your mouse cursor in the data field, then 

_ begin typing. 

I. NAME OF FACILITY: Armed Forces Radiobiology Research Institute 

II . PROTOCOL NUMBER: .... f0
)_(

6
J ____ _. 

Ill. PROTOCOL TITLE: Regulation of radiation-induced damage by microRNAs in 
laboratory mice, Mus muscufus 

IV. PRINCIPAL INVESTIGATOR: 

l<b)(O) I Ph. D 
Resear~~Bjo!ogjst. AJRRl-SRD 
Office: !'•! _Fax:lf ' 

1(6)(6) 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent with good scientific research practice. 

fb)(O) IPhD Date 
Head, Scientific Research Department, AFRRI 
T elephond <0k6) I 

l(b)(6) . 
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-Or-

l!t>ll6) I PhDj L TC; USA Date 
Head; Scientific Hesearch Department. AFRRI 
le1epti011e:!ihJ(6J I 

l/bwM I 
- Or-

PhD, CDR; USN 
~ ........ ~ ................. 
Head, cientific Research Department. AFRRI 
T elephone:l<bJ(B) I 

IMt6) I 

VI. ST A TISn CAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures ~hat the number of animals used is appropriate to obtain sufficient da~a and/or is not excessive. 
and the statlstlcal design is appropriate for the intent of the study 

~l{~_m_' ........ ~~~~_.IPhD 
Statlst1c1an_____ ------
irelephonelltii)(t:>) I FaxjltiMI 

Date 

VII. ATTENDING VETERINARIAN: In accordance with Anlmal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and man(pulations ~hat may cause 
more tihan slight o:r momentary pain or distress, even if relieved by .anesthretiics or analgesics . 

....,._ __ ....,.---__,..___.IDVM, DACLAM, L TC, VC, USA 
Sciences Department. AFRRI 

.....,,_... _ __.. ____ ....... Fax l(b){GJ I 
Date 

VIII. SAFIETV OFFICER: This animal use protocol received appropriate review for sa1fety and 
biohazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 
.a 1onal Health Specialist, USUHS 

IX. IACUC APPROVAL: This protocol was reviewed and a~proved by the !Institute Arnimal Care 
and Use Committee on ____ _ 

(Date) 

{b)16) Ph.D. 
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PROT10COL TllTLE: Regulation of radiation~induced damage by microRNAs in 
laboratory mice, Mus muscutus 

CO-INVESTIGATOR(S): 

AFRRI SCIENi 1IFIC RESEARCH PROTOCOL NUMBER: ._1<6_)16) __ ___. 

I. NON-TECHNICAL SYNOPSIS Ionizing radiation exposure presents an increasing 
threat to the global population. Therefore, it is critical that we develop drugs against 
ionizing radiation. One of the AFRRI missions is to develop radiation countermeasures 
to shield first responders, military personnel and civil ians who are exposed to high 
amounts of radiation. Over the past few years, several promising drugs from AFRRI 
have already been advanced to Investigation New Drug (IND) status. We have 
extensively evaluated Gamma tocotrienol (GT3), a vitamin E isomer, in mice previously 
at AFRRI for last 8 years in five protocols (P#,__ ___ __ .....-_______ _. 

<b>(6) Another drug of interest is (bJC
4
> (currently active in 

(bl<5> , a modified cylokine that acts as a growth factor for regenerating bone 
marrow after exposure to ionizing radiation. This drug has advanced to the clinic 
(successful phase 1 trials) and is promising against both low linear energy transfer 
(LET), as represented by Cobalt-60 v-radiation, and high LET mixed-field radiation 
(neutron and gamma from AFRRl reactor). In recent years, micro Ribonucleic acids 
(rniRNAs) have been implicated in cellular different~at ion . carcinogenesis, and 
modulation of signaling pathways. Thus, to characterize the underlying mechanism of 
radioprotection, we studied the miRNA profile in splleen from irradiated mice with or 
without GT3 treatment. Our studies indicate that several miRNAs are differentially 
regulated in mice spleen after radiation exposure. Specifically, miR=34a is significantly 
increased (15-fold on day 15) in spleen after 8 Qy exposure. We have also shown that a 
single dose of GT3 administration 24 h prior to irradiation suppresses miR-34a 
expression. Therefore, we propose to extend our prel iminary observations to blood; 
bone marrow, kidney, thymus, and liver. Network analysis in molecular biology can 
predict signaling pathways, molecular networks, and biological functions for gen:es. 
Such analysis of our preliminary data suggests that ERK and p38MAPK pathways may 
play a significant role in the mechanism of radioprotection. We will use CD2F1 male 
mice as in vivo models to study this signaling pathway. Our broad ob'ective is to 
understand radiation°induced damage regulation by GT3 an (blt

4
) modulated 

miRNAs. The study will involve:~ Confirmation of the effect of GT3 on ERK/p38MAPK 
in spleen, bone marro:W.' ki(%QfiY' thyTus •. a~d liver and b. Evaluation of sig1naling 
pathways of the prom1s1ng rad1at1on countermeasure. 
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II. BACK'GROUIND 

U.1. Backgmund Ionizing radiation exposure presents an increasing threat to the global 
population. Therefore1 it 1is critical that we develop drugs against ionizing radiatiorn. One 
of the ,AFRRI missions is to develop radiation countermeasures to shield first 
responders, military personnel and civilians who are exposed to high amounts of 
radiation. Over the past few years, several promising dru s from AFRRI have already 
been advanced to ~nvestigation New Drug (IND) statu (Dl<4> We have extensively 
evaluated Ga , m r' · · I . T ·i · · r 1n mi . An . · · · r ~ f 
inter,e$t i 
>=:-=~==-'after exposure to ionizing radiation <DJ(4) This 
drug has adv.anced to the clinic (successful phase tna s an 1s promising against both 
low linear ·energy transfer (LET), as represented by Cobalt-60 v-radiation, and high1 LET 
mixed-field radiation (neutron and gamma from AFRRI reactor). To meet the Food and 
Drug Adrninistr.ation's (FDA) animal rule for radiation countermeasures, it is ~ssential to 
carry out studies to understand the mechanisms of radiation protection. 

survival from radiation lethality by GT3 and possible mecha1nism 
We reported that gamma-tocotrienot a naturally occurring vitamin E analog, protects 
mice from radiation-induced pancytopenia, restores bone marrow progenitor cellsl(b)(41 I 
reduces intestinal and vascular oxidative stress, and protects 100% mice exposed to 
1,ethal dose of whole body y-radiationl(bl<4> I CD2F1 mice treated with GT3 showedl 
increased numbers of spleen colonies compared to vehicle treated anfmals at 12 days 

(bl(4l .a.Ue.rB..5 Gyofy"'r.adiation0GT3 reduces radiation~induced vascular oxidative stress 
in mice through an HMG-CoA reductase dependent manner post-radiation treatment [4]. 
GT3 may exert its beneficial inhibitory effects on post-irradiation free-radical production 
by improving the availability of the endothelial nitric oxide synthase (eNOS) cofactor 
BH4 through downregulation of GTP·cyclohydrolase 1 regulatory protein (GFRP}, 
thereby ,enhancing the production of NO {nitric oxide) and reducing the production of 
ONOO- (peroxynitrite) by eNOS (5]. GT3 has also been shown to improve the post.
irradiation recovery of plasma markers of endothelial function, an effect that is not 
dependenlt on HMG=CoA reductase in hi bf ti on [5]. However, the signaling pathway 
through which GT3 protects mice from hematopoietic damage is not known. We 
propose here to study the molecular pathways involved in radioprotection by GT3. 

Surviva~ f!rom radiation lethality b (bX
4 

Recentl · a reliminar stud b an~<r.l __ ____.c;.;;.;...:;;;....i;::;..;:;..;::;=;.;;..::_.;;..;..;.;:;..;;..;..;.:;.;;..:;..;.;:;.;.;;.:.__ ___ ___, 

(b)(4) 

(bJC
4
) in the CD2F1 mouse model when administered sc 24 before or 4 h after exposure 

to o=60 yQradiation.llb)(41 1(800 µg/kg) demonstrated 100 '%survival administered 
24 h before total -body irradiation to CD2F1 mice and protected -50% of the animals 
when administered 4 h after radiation. In another -reliminary study anl<b)(4J I 
( () demonstrated "'80-100'% survival 
in mice administered 4 h or 4 h and 48 h after mixed-field (65% neutron and 35°/o 
gamma) radiation. Based on this novel findingJ<b){4) !approved funding to develop 
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this drug tor mixed-field radiation, which has been accepted as a more realistic scenario 
for a nuclear accident or terrorist activit · usin · an enhanced radiation weapon (ERW). 
In a i;>reliminary study, lbJ 4> mice from 
radiation-induced neutropenia and thrombocytopenia, and bone marrow cellularit aftfil_ 
exr~ osure 10 kJtal-body radiation. However, the mechanism of radio · ratedion b \bl<4> 

is unknown. Previous! authors have demonstrated that 

Since GT3 and > wen~ found to be promisit1g radiatic>n countermeasures in mice 
models e.xposed to y=radiation (preliminary studies), it is essential to understand the 
mechanism of action ot these drugs according to Food and Drug Administration's (FDA) 
animal guidelines for the lnvestigational New Drug (IND) application process. Thi1s 
project wHll provide valuable information on microRNA and mRNA regulation by GT3 
andlt6><

4
> lin protecting mice from nematopoietic damage after radiation. 

11.2. Literature Search for Duplication 
11.2.i . Literature sources Searched 
To find any possibility for duplication, the following databases have been searched: 
Pub Med 
BRD · Biomedical Research Database 
Reporter (CRISP) • Computer Retrieval of lhformation Oh Scientific Projects, now known 
as 'Reporter' 
11.2.2. Date of Search PubMed - 06/12/2015 
BRO • 06/f 21.2015 
Reporter (CRISP)· 06/12/2015 

11.2.3. Period of Search 
PubMed - 1960-2015 
BRO -1998°.2015 
Reporter (CRISP)- 1972·2015 

11.2.4. Key Words of Search 
1 . Micro RNA AND Radiation 
2. ~9mma-tocotrieno l AND micro RNA 
3.1(b)(4i ]AND micro RNA 
4I G~mma-tocotrfenol __ AND Radiation 
5 lW4 IAND Radiation 
11.2.5. Re,sults of Search 
fable 1 includes a summary of the keywords and keyword combinations used for 
searching the RePORTer, BRO, and PubMed databases. 

Table 1. Summary of Database Keyword Searches 
Keywords PubMed BRO RePORTer 

Micro RNA AND rndiation 852 1312 154 
Gamma-tocotrienol AND micro RNA 1 2 1 
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1(0){4) IAND micro RNA 0 0 0 
Ga.mma-toc::ot rienol AND Radiation 32 83 399 

l(b)(oi) IA!id Radiation 0 20 0 

ihe searches indicat@d that there have been no previous or current studies have been 
done on the role of micro RNA in the regulation of DNA damage after radiation inj~ 
Therefore, the proposed -study to determine the mechanism of radioprotectior1 by~ 

l<blC4l lor GT.3 and the role of microRNA in regulating DNA damage in mouse after whole 
body radiation is not a duplication of a previous experiment. While there were some hits. 
the studies were not relevant to the mechanism of radiation protection involving 
microRNA and GT3 orl<6l(4l I 
Ill. OBJECTIVE I HYPOTHESIS The overall objective of this study is to decipher the 
molecular pathways involved in the protection from radiatfon~induced hematopoietic 
failure by _MtQ_Jpromising radiation countermeasures , Gamma tocotrienol (GT3) and 

1161(4> I 
Specmc .Aim 1: Determine radiatio~induced differential mRNA expression 
modula·ted by GT3 and confirm activation of ERK!p38MAPK signaling by GT3 in 
mice exposed to Cobalt~60 y .. radiation 
In a preliminary study, we have shown that miR-34a, miR-15b, miR-150, miR-99a, miR-
99t3, rfliR-130, miR-143, and rniR-145 were differentially regulated post-rrradiation from 
day 1 to day 14 in spleen of GT3 treated mice compared to vehicle treated ones. 
Ingenuity pathway analysis (IPA) with these miRNAs identified predicted mRNAs and 
target signaling pathways of GT3 through ERK/p38MAPK. We propose to identify 
radiation induced mRNA targets that are regulated by GT3, and confirm the predic~ed 
target pathway of action of GT3 using pathway analysis. Mice will be treated with GT3 
and total~body irradiated (TBI) to a sublethal dose of 1 Gy and spleen, bone marrow and 
blood will be harvested after irradiation. Whole genome expression will be done using 
the lllumina Be.adChip array. 

Spedfic Aim 2: Identify the signaling pathways modulated bylrb)(4) !through 
different/a./ regulation of miRNAs and target mRNAs in irradiated mice 
We hypothesize that mice exposed to a sublethal dose of TBI will produce a time
dependen~ differential expression of miRNAs during hematopoietic recovery; and pre
treatment withl<bl<4l lwill significantly mod~~e thesf, genes to rescue mice from 
radiation injury. Preliminary studies show thad 1 >was found to be an effective 
radiation countermeasure administered before or after radiation, protecting mice from 
radiation-induced pancytopenia and lethality. MiANA and mRNA analysis will be done in 
circulating blood, as well as_in b_ooe. marrow and spleen. This data will determine the 
role 1of miRNAs in {tiJ(4J irradiated tissues and or~ans. To further uinderstand 
the signaling pathway 1nvo ve - in e mechanism of action o .<6k4

> lwe will identify 
and validate the predicted signaling targets of th~l6>!4l I regulated miRNAs, 

This project will deliver a systematic approach to identifying signaling targets of 
radiation countermeasures using the complex network interactions of radiation induced 
mRNA and miRNA. 
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IV. MILITARY RELEVANCE Military operations are seriously impaired by radiation 
exposures depending on the dose and dose rate. Currently, there is no FDA approved 
preventive measure available for military personnel to protect them from the hazards of 
rad iation exposure. The problem is more acute in recent times due to the unpredictable 
nature of terrorist attacks. Recognizing this urgent need, United States Department of 
Defense has assigned top priority in "Defense Technology Objectives (OTO)" to the 
''development of medical countermeasures to radiation exposure" against both earliy 
effects and late arising health effects. These concerns address the urgent need to 
develop an appropriate radiation protective agent (prophylactic or therapeutic} to sl!Jstain 
immediate warfighter capabilities and to enable the commanders to make judicious 
decisions in troop deployment. Currently, there are several drugs at various stages of 
development. This study will focus on revealing the mechanism of action of a 
prophylactic radiation countermeasure, gamma tocotrienol (GT3) andL.l(b_)<4_> ---..i 

lt6)(4) I 

V. MATERIALS AND METHODS 

V .1. Experimental Design and General Procedures 

General Experimental Design for animal studies: Experiments 1 and 2: Ten to 
twelve weeks old male CD2F1 mice (Harlan Labs. Indiana Olis, Indiana will be used in 
this ex eriment. GT3 will be su lied b 1>><4> 

Mice will be injected subcutaneously (see section V.4.4.1) with either vehicle {5% 
Tween-80 for GT3 or PBS fo~lb)(4) lor GT3 (100 mg/kg) orlt~)(i) k400 µg/kg) 
administered 24 h before exposure to Co0 60 radiation (0.6 Gy/min . Mice will be 
irradiated to 7 Gy resulted in the hematopoietic syndrome where measurable n1Umbers 
of blood elements are desired throughout the experiment. Animals will be euthanized 
(see section V.4.5 and 6) from each experimental group on days 1, 4, 7, 14, and 21 and 
blood will be collected from anesthetized mice while they are alive from the interior vena 
cava in serum separator tubes (see section V.4.4). Serum will be separated and stored 
at -80C. Bone marrow will be harvested following a standard protocol [3). Spleern and 
other tissues (kidney, liver, and thymus) will be collected and snap frozen for storage at 
-BOC. Both the drugs have been tested for 30-day survival in various protocols at 
AFRRI. There was no reaction observed at the injection site for the doses proposed in 
this protocol. 

Table 2. Experimental design 

Groups Drug Collection Radiation No. of Total no. of 
days dose micelday mice 

(Gy) , 0 (na·ive control) 1,4,7,, 4.21 0 5 25 
2 PBS/GT3 veh 1,4, 7, 14,21 0 5 50 
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3 1{0)(4) I GT3 1,4,7,14,21 0 5 50 
4 PBS/GT3veh 1 ,4 ,7,14,21 7 5 50 
5 I 10)(4) IGT3 1,4,7,14,21 7 5 50 
We will repeat the study to confirm the data. Total no. of mice that will be used in this 
proposed study = 450. Tissues from naive control animals will be shared between the 
two experiments. 

V .1.1 . Experiment 1. Determine radiation,.induced differential mRNA expressions 
modulated by GT3 and confirm activation of ERK!p3BMAPK/p53 signaling by GT3 
in mice exposed tn Cobalt~60 '{-radiation 

Total RNA will be extracted trom blood; bone marrow and spleen collected at days 1, 
4, 7, 14, and 21 post-radiation by a standard protocol (miRVana isolation kit, Ambion). 
Whole genome expression will be determined using lllumina Beadarray (MouseRef-8 
version 2.0) BeadChips using the iscan system and BeadScan sortware. lllumina. San 
Diego) [7] . Data will be validated using RT-PCR and western blot analyses. 

A total of 250 mice wlli be used for this experiment. 
Groups= 5 {Na'ive, O Gy Ven, 0 Gy GT3, 7 Gy Yeh, 7 Gy GT3) 
No. of time points = 5 
No. of animals per group = 5 
No. of repeat = 2 

V .1.2. Experiment 2. Identify the signaling pathways modulated byf'-5_i<
4
_> __ __, 

through differential regulation of rniRNAs and target mRNAs in irradiated mice 
Total RNA will be extracted from blood. bone marrow and spleen collected at days 1, 

4, 7, 14, and 21 post-radiation. RNA will be extracted using mirVana total RNA isolation 
kits (Life Technologies) following the manufacturer's protocol. Microarray hybridization 
and data analyses will be performed by a commercial service provider, LC Sciences in 
Houston, TX (www.lcsciences.com) and miRbase version 19.0 (http://mirbase.org/) will 
be used to study the expression profiling of 1265 unique mature mouse miRNAs using a 
µPararlo® microfluidic technology (8, 9]. Data will be analyzed and computed by firs.t 
subtracting the background and then normalizing the signals using a LOWESS filter 
(Locally-weighted Regression methods) [1 O] by LC Sciences, Houston TX. Array will be 
performed only using spleen RNA. Data will be validated using RT-PCR and western 
blot analysis. 

A total of 200 mice will be used for this experiment ......... ___ _ 
Groups = 5 (0 Gy Veh, 0 Gy CDX=301, 7 Gy Veh, 7 Gyf._6_><

4
_> __ __. 

No. of time points = 5 
No. of animals per group = 5 
No. of repeat = 2 

A grand total of 450 animals will be used in this study. 

Rationale for selecting the time of collecting spleen aftet radiati'on: Our published 
data demonstrate that regeneration of bone marrow progenitor cells starts after day 4 
post-irradiation and the cells are recovered by day 13 (100%) with GT3 compared! to 
vehicle (40%'Eferipheral blood cells recovery was observed by day 21 after 
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radiation for both GT3 endl(b)(a) !Therefore, we chose five time points, days 1, 4, 7, 
14, and 21 post-irradiation to study the mi RNA regulations after radiation and its 
modulation by GT3 o~tbl<4> !during hematopoietic injury and consequent recovery. 

Rationale of selecting sublethal dose (7 Gy): L050/30 (lethal dose of radiation that 
results in the lethality of 50% of t~hex osed animals in 30 days) of CD2F1 mice that 
will be used in this study is 8.6 G1 (b l A sublethal dose of 7 Gy will be used in order to 
keep the mice alive in vehicle~treate group to collect samples on specific time points 
after irradiation. These samples wil l be compared to the samples collected from either 

IM'4> p r GT3 1reated mice. 

V.2. Data Analysis 
Statistical software PC SAS will be used for statistical data analysis. Ten animalls per 
group will !be used to provide statistical power >90% for two-tailed student's 1-Test. We 
will report tho m©an with standard error or percentage when applicable. ANOVA 
(Analyses of Variance) with mixed-effect model will be used when testing one 
dependent variable and Multivariate analysis of variance (MANOVA) will be used when 
testing more than one dependent variable to detect if there is significant di1fference 
among the groups. 

V.3. laboratory Animals Required and Justification 

V .3.1. Non~animal Alternatives Considered Our u ltimate goal is to find a suitable 
radioprotectant fo r human use. We have already established that GT3 can be good 
prophylactic radiation countermeasures in male CD2F1 mice. protecting both the 
hematopoietic and GI systems from radiation injuryJb)(4l lwas also found to protect 
mice from lethal dose of radiation and protect mice from hematopoietic damage. To 
advance the drug to clinical trial, we have to understand the mechanism of action of 
these radiation countermeasures. For this purpose, we want to know the role of 
microRNA in regulating DNA damage after radiation injury. For that purpose we have to 
use an animal model as proof-of-concept. 

V.3.2. Arnimal Model and Species Justification As discussed in the previous section, 
animals must be used to study the mechanism of action of a radioprotectant in vivo. 
Mouse model wrn be used as a proof-of-concept because approximately 99'%, of human 
DNA is ~imilar to t.hat of mice: and mous~ls are ~ell characterize? t~ study the 
mechanism of action of a rad1oprotectant~Zebraf1sh and Drosophila 1s not 
considered for this study because their physiology is largely different from mammal ian 
systems. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species Mus musculus 

V.3.3.2. Strain I Stock CD2F1 
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V.3.3.3. Source I Vendor Harlan Labs, Indianapolis, Indiana or similar approved 
vendors (Ph# 800-793-7287) 

V.3.3.4. Age 7 - 8 wks old 

V.3.3.5. Weight 22-30 g 

V.3.3.6. Sex Male 
Justification of using only male mice: Previous studies have been conducted with 
male mice, so male mice are needed for data comparison. Although, it is important to 
confirm observations in females, such studies may be carried out at a later date. 

V.3.3.7. Special Considerations Commercially procured animals must be adventitious, 
disease free, and pathogen-free-including Pseudomonas aeruginosa, and Pasteurella. 
All mice need to be free of the following agents: Sendai, Pneumonia Virus of Mice 
(PVM), Reovirus-3 (Rea 3), Mouse Adenovirus (MAD-1, MAD-2), Mouse 
Cytomegalovirus Virus (MCMV), Ectromelia, K virus, Lymphocytic Choriomeningitis 
Virus (LCM), Epidemic Diarrhea of Infant Mice (EDIM), Hantan virus, Rotavirus, Mouse 
Parvovirus (MPV), Polyoma Virus, Mouse Minute Virus (MMV), Mouse Thymic Virus 
(MTV), Theiler's Mouse Encephalomyelitis Virus (TMEV/GDVll), Encephalitozoon 
cuniculi, CAR bacillus, Mycoplasma pulmonis, and Clostridium piliforme. They must 
also be endoparasite and ectoparasite-free. 

V.3.4. Number of Animals Required (by species) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 
V.3.5.1. Refinement Pl will take necessary steps to all personnel in the project to be 
rigorously trained in handling techniques (injections, and routine cage monitoring) to 
minimize distress and pain to the animals. Specifically, during capture and restraint of 
the rodents before and after radiation, care will be taken to ensure that handling does 
not contribute to distress. 
Animals will be irradiated at a sublethal dose of 7 Gy. We do not expect to see morbidity 
in the course of the study. However, for any reason, if we observe morbid animals, we 
will increase monitoring and euthanize animals following policy 1 Oat early time points. 

V.3.5.2. Reduction Previously published and unpublished data have established which 
radiation dose and time points are important to get the information for hematopoietic 
regeneration after radiation injury. This information has enabled us to reduce the 
number of animals needed for this study. We are also reducing the animal numbers (n = 
10) by sharing tissues for determining different parameters from the same experiment. 
Based on our previous experiments, we will use the minimum required number of 
animals for statistical validity. This will reduce the number of animals used in this 
protocol. 

V.3.5.3. Replacement None 
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V.4. Te·t hni'cal Methods 

V.4. 1. Pain I Distress Assessment 

V.4.1.1. AIPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C 

V.4.1.1.1.2. Column D 

V.4.1.1.1,3. Column E 

V411 4 Pi C ' ' ' '1. ' an ateaorv 

__ (# of animals} 

_50_ {#of animals} 

_400_ (# of animals) 

As. t s1anmen s 
ExD.# ExDerimental/Control GrouD 
EXP! '1 Na'ive, 0 GV \/eh, () Gv GT3, 7 GV Veh, 7 Gv GT3 
Expt 2 0 Gv Veh, O G\l\PJ{4J I 7 Gv Veh, 7 Gyt\UJ(4) 

Totals: 

V.4 .. 1.2. Pain Relief I Prevention 

c D E Totals 
0 50 ~00 250 

I 0 0 200 200 

50 400 4-50 

V.4.1.2.1. Anesthesia I Analgesia I Tranquillzation The protocol will not use 
anesthetics or analgesics during radiation since they will adversely affect the outcome 
of the experiments. The proposed study is to determine the effects of irradiation and 
countermeasures on the function of the immune and blood forming systems. Use of an1y 
analgesic.sand anesthetics would interfere with the function of the immune system and 
therefore compromise the interpretation of the results (1 OJ. Topical antibiotics will be 
applied if wounding occurs via in»cage fighting, under the guidance of the clinical 
veterinarian in accordance with standard treatment measures. 

Anesthesia using standard lsoflurane apparatus under the guidance of the VSD will be· 
carried out in mice for blood collection. All personnel will be extensively trained ffor 
efficienlt administration of the agents as well as to minimize handling stress. 
Animals will be placed in the lsoflurane chamber and delivered a metered amouinl of 3-
5% lsoflurane mixed with 100% oxygen until all voluntary motor movemen1t ceases an.d 
the an1mal is recumbent for 1 O seconds. Animal's respiration rate will be closely 
monitored through the Plexiglas chamber during induction of anesthesia. When animals 
are recumbent, they will be removed from the chamber and their nose/mouth placed in 
the anesthesia apparatus breathing/gas administration cone for maintenance of 
anesthesia at 1-3% lsoflurane and 100% 02. 

V.4.1.2.2, Pre- and Post-procedural Provisions Mice will be hou:sea under .standard 
conditions both lbefore and after radiation procedures in accordance with current VSD 
rodent husbandry Standard Operating Procedures (see section V.5). 
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V.4.1.2.3. Paralytics No paralytic agents will be administered 

V.4.1.3. literature Search for Alternatives to Painful or Distressful Procedures 

V .4.1.3.1. Sources Searched 
Altweb 
AGRICOLA 
Pub Med 

V.4.1.3.2. Date of Search 
Altweb - 06/1012015 
AGRICOLA - 06/10/2015 
Pubmed - 06/10/2015 

V.4. 1.3.3. Period of Search 
1970-2015 

V.4.1.3.4. Key Words of Search 
Pain, analgesia, anesthesia, radiation, radioprotection, mouse, humane, alternative, 
gamma-tocotrieno!Jl6><41 I 
V.4.1.3.5. Results of Search 
We are studying the mechanism of radioprotection ot(<6l<4> land GT3 irn th is protocol. 
We will be using a sublethal dose 7 Gy in this study based on results from our' previous 
studies. Irradiation itself is not a painful process but it induces various changes ~n the 
body (i.e., vomiting and nausea, changes in hematology cells numbers, etc.}. Although 
radiation does not induce pain, animals in these experiments might experience pain and 
distress prior to death because of sequelae. Radiation compromises the. immune 
system. As a result of a compromised immune response, various types of infe:ctions can 
initiate and become painful. Table 3 includes a summary of the keyword combinations 
used for searching and the results of the search. While the literature indicates that cell 
models have been used to study radiation damage, such models cannot alone predict 
mechanism of radio.protection of a specific drug. Although radiation-induced pain was 
alleviated during some studies [11-1 J], such pain relief was the aim of the studies in 
question, which focused on patients receiving radiotherapy for cancer treatment. We do 
not have the option of using alternatives such as a cell culture model If animals show 
sign of pain or distress (please see section V.4.1 ), all moribund animals will be 
euthanized immediately to minimize potential pain or distress following policy#10. 

Table 3. Summary of Database Keyword Searches 
Keywords Hits 

AGRICOLA Altweb PubMed 

Analgesia AND Radiation 4 6 553 
Pain AND Radiation 37 12 11330 
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Pain ANO Analgesia AND Radiat ion 4 6 368 
G.:lmma-tocotrienol AND pain 0 0 0 

llb)(4) IAND pain 0 0 0 
Radioprotection AND pain 0 0 154 

Radiation AND humane 1 38 12 
Pain AND analgesia AND mice 49 26 1904 

Radiation AND mouse AND pain 0 9 239 

Radiation AND mouse AND pain AND alternative 0 9 6 

V.4.1.4. Una.lleviated Painful or Distressful Procedure Justification Since the 
purpose of these studies is to determine the mechanism of radioprotection of the 
immune system byl<bJ(4l lor GT3. we will be unable to use analgesics and 
anesthetics because they may interfere with the innate system [14]. 

V.4 .. 2. Prolonged Restraint 
The experimental animals will receive radiation at a dose rate 0.6 Gy per1min in the 
AFRRI Cobalt 60 gamma radiation facility. Animals will be irradiated in Lucite boxes. (8 
animals/box) and arranged in an array (dosimetry 07/09/2014; or the latest dosimetry 
map) using plastic racks. Mice will be inserted into the standard radiation boxes just 
prior to irradiation (-15 min of exposure time) and taken to the cobalt facility for 
irradiation. Animals will be restrained for no rnore than 60 min and returned to cages at 
the end of the irradiation period. 

V.4.3. Surgery 
NIA 
V.4.3.1. Pre~surgical Provisions 
NIA 

V.4.3.2. Procedure(s) 
N/A 
V.4.3.3. Post-surgical Provisions 
N/A 
V.4.3.4. Location 
NIA 
V.4.3.5. Surgeon 
NfA 
V.4.3.6. Multiple Major survival Operative Procedures 
NIA 
V.4.3.6.1. Procedures 
N/A 
V.4.3.6.2 SCientific Justification 
N/A 
V.4.4. Animal Manipulations 

Irradiation: These will follow the standard AFRRI protocol with mice placed in 
restrainers shortly prior to exposure, irradiation at the cobalt facility and return to VSD 
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for further monitoring. Briefly. the experimental animals will receive radiation at a dose 
rate of 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be 
irradiated in Lucite boxes (8 animals/box) and arranged in an array (dosimetry 
07/09/2014) using plastic racks. Animals will be restrained for no more than 60 min and 
returned to cages at the end of the irradiation period. They will be monitored daily 
following policy#10. There is no critical period for the animals in this protocol since all 
animals irradiated at 7 Gy (sublethal dose) are expected to survive based on our 
published manuscript on peripheral blood recovery post-irradiation at 7 oaissue 
from mice will be harvested at specific lime-points after irradiation after terminal blood 
draw. 

Blood C·Ollection: Mice will be anesthetized as described under section V.4.1.2.1 
(anesthesia). Blood will be collected from anesthetized mice while they are alive from 
the inferior vena cava (IVC). The animals will be deeply anesthetized in the rodent 
anesthesia machine induction chamber; the tail will be pinched for reflexive movemen,t, 
indicative of insufficient anesthesia. If anesthesia is insufficient. animal will be replaced 
in induction chamber. If there is no response, the animal will b© moved to the station 
with individual nose cone for continued anesthesia. An incision will be made on the right 
side below the abdomen of the animal. closest to the IVG. This will expose the vein and 
blood will be drawn with a 1 ml-syringe with 23 G needles. Animals will have cervical 
dislocation performed immediately upon completion of blood draw to confirm 
euthanasia. 

V.4.4.1. Injections 
Subcutaneous (SC) injections will be given with either a 23 or 25 G sterile needle to the 
nape of the neck. Animals will be injected once 24 h before radiation. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

~ ~.4 1 2. Non-Pharmaceutical Grade Drugs 
(( ( Jis formulated as a sterile buffered solution (pH 7) intended for single-use 
parenteral administration under GMP conditions. The drug will be provided to AFRRI via 
an MT 1 (6)(4) I GT3 formulation will be supplied by 

116)(4) I Endotoxin testing tor all drugs will be 
completed prior to any animal testing at AFRRI and a report submitted for IACUCJVSD 
review and approval. The endotoxin tests are conducted by Charles River Laboratories. 
At the same time. pH will be tested to ensure that it falls in the range (6-8 for SO 
administration) stipulated by IACUC. It is expected that the osmolarity will not be more 
than AFRRI IACUC's recommended levels (Policy#9). Bothl<b)(4) 1and GT3 have 
been tested previously in other protocols at AFRRI. PBS will be used as diluent fo ir 
ltb)(a} IA diluent (developed b~tb><4> I will be used for GT3. 

V.4.4.2. Blosamples Animals will be euthanized from each experimental group on 
days 1, 4, 7, 14, and 21 and blood will be collected from anesthetized mice while they 
are alive from the inferior vena cava (using a .23 G needle) in serum separator tubes. 
Serum will be separated and stored at -BOC. Bone marrow will be harvested following a 
standard protocol. Spleen and other tissues (kidney, liver, and thymus) will be collected 
and snap frozen for storage at -BOC. 
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V.4.4.3. Adjuvants 

V.4.4.4. Monoclonal Antibody (MAb) Production 

V.4.4.5. Animal Identification Generally, cage cards will be used to distinguish drug
treated and control groups. Animals will be randomly distributed in groups. 

V.4.4.6. Behavioral Studies N/A 

V.4.4.7. Other Procedures N/A 

V.4.4.8. Tissue Sharing At present there are no plans for tissue sharing. 

V.4.4.9. Animal By-Products N/A 

V.4.5. Study Endpoint In experiments 1 and 2, at specific time points, experimental 
mice will be euthanized before tissue collection. Different tissues will be used for 
different experiments. If we see any morbidity or moribundity, frequency of examinations 
including late·night checks will be increased and animals will be scored following policy 
1 O (score sheet attached, appendix 1 ). 

V.4.6. Euthanasia All moribund animals (see section V.4.5) (if any) will be euthanized 
by overdose of C02 inhalation as described in VSD SOP VS0211, by trained 
investigators or technicians in accordance with current AVMA Guidelines on 
Euthanasia. Compressed C02 gas in a cylinder with a regulator will be used for 
euthanasia in a euthanasia chamber. After blood draw (please see section V.4.4), 
animals will have cervical dislocation performed immediately to confirm euthanasia. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations The AFRRI vivarium follows stringent protocols for 
the housing and care of all animals. The Pl and designated team members will adhere 
to all the policy and guidelines set forth by standard operating protocols of the VSD. The 
specific requirements for mice housing should meet the following criteria of opportunity 
for social interaction, opportunity to carry out normal behavior and the opportunity to 
rest and withdraw from each other [15]. Mice are social animals and hence will be 
caged together in groups of 4 or 8. For ODDS testing, mice will be housed in groups of 
3 or 5 mice per cage and identified individually as described. Nestling pads will be 
provided in each cage during bedding changes. In cage shelters will also be provided as 
an enrichment strategy at the discretion of the Pl depending on experimental conditions. 
Animals will receive Harlan Teklad Rodent Diet (w) 8604 and water ad libitum. Acidified 
water (pH 2.5 - 3.0) is routinely provided to AFRRI mice used in radiological 
experiments. Cages will be regularly changed and cleaned by VSD staff in accordance 
with Standard Operating Procedure. Animals will have 12 h light/dark cycle. Animals will 
be habituated to their surroundings and routine procedures prior to experimentation. In 
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the event of procedures that last into the night cycle, care will be taken to minimize 
exposure to light. 

V.5.1.1. Study Room As assigned by VSD 

v .5.1.2. Special Husbandry Provisions N/ A 

V.5.1.3. Exceptions Mice wiil be socially (group) housed as described above, except 
there might be time when few animals from the cage will be removed for blood and 
tissue collection. 

V.5.2. Veterinary Medical Care 

V.5.2, i. Routine Veterinary Medical Cara Experimental animals will be observed daily 
by either the investigator or technician or both. VSD personnel will monitor all animals 
during their routine rounds as per VSD SOPS. 

V.5.2~2. Emergency Veterinary Medical Care We do not expect animals will be 
moribund in this prolocoL If moribund animals (gasping, recumbent, non-responsive to 
mild stimulus) are found, those will be euthanized by trained personnel. 

V.5.3. Environmenta'I Enrichment 

V .5.3.1. En ti th ment Strategy The enrichment strategy for mice wil I be accordi ng1 to 
VSD Standard Operating Procedure, which Involves socially grouped housing and 
providing nestlets and hiding tubes in the cage. 

V.5.3.2. Enrichment Restrictions 

VL STUDY PERSONNEL QUALIFICATIONS ANO TRAINING 

NANE I DEGREE I TRAINING I o-.TE PROCEDURES 
(DJ\O) 1, 3, 4b, 5 

1, 3, 4b, 5 
i , 3, 4b, 5 

1. 3. 4b,5 
1, 3 , 4b, 5 

Procedure and manipulation codes: 
Code 1• Anlmat handling and euthanasia 
Code 2= Surgery iasepiictechnique) pre- and post·operaiive care 
Code 3,, Injections '(3a-ip, 3b-sc. 3c-gavage) - can say 3 if tralr1eo in all rnani:pulations or ood 3d·lv 
Code 4= Blood collection un'der anesthesia (4a<C!!.rdiac, 4b-posterior vena cava) 
Code 5,. Tissue collection (alter euthanasia) - doesn't need to be specific 
Code 6 = hnpJantation (provide details} 

YRSiMOS 
EXPERIENCE. 

(0 ) \0) 

Code 7 = Others - •iprovide protocol specific manipulations or procedures for e.g .. retro·orbltal bleeding, tail vein injecUon. or diug 
delivery) 

VII. BIOHAZARDS/SAFETV 
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All personnel working in the protocol have undergone necessary training in handling 
experimental animals. The amount of drug used will be small and standard safety 
precautions will be taken while handling them in the laboratory and in the vivarium. All 
pers1onnel listed in the present protocol have been trained as general radiation users on 
a regular basis. All investigators and personnel will use appropriate protective gear 
while in the vivarium as d~scribed by the VSD. All listed personnel are current in safety 
training and medical surveillance. 

VIII. ENCLOSURES None 
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X.ASSURANCES 

Protocol Title: Regulation of radiation-induced damage by microRNAs in 
laboratory mice, Mus musculus 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 
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c. St&Ustieal Assurance: I assure that I have consulted With a qualified ihdividual who evaluiated 
the experimental design with respect to the statistical analysis , and that the minimum number of animals 
needed fie>r scientific validity will be used. 

[), BIOhaz·ard I Safety: I have taken into consideratibri and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosatety, recombinant issues, and so 
forth. in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result ot the procedures I 
manipuiations. 

F. Responsibility: I acknbwledge the inherent moral, ethical and administrative obligations 
associated with the perlormance of this animal use protocol, and I assure that alf individuals associated 
with this project wili demonstrate a concern for the health, comfort, welfare, and well-being of the 
t·esearcn animals. Additionally, I pledge to conduct this study in the spirit of the fourth "A", namely, 
"Re.sponsibility.'' which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting huimane and lawful research. 

G. Scientific Revil!w: This proposed animal use protocol nas received appropriate peer scientfM 
~eview and is consistent with good scientific research practice. 

H. Painful Procedure(s): I AM I AM NOT conducting biomedical experiments, which may 
potentiaily cause more than momentary or slight pain or distress to an1mais. if appilcable, potentiaiJ pain 
and/or distress WILL l WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

l(b)(6) 

Princlpal l111vestlgator (Printed Name} Principal Investigator (Signature) 
7-30-2015_ 

(Date} 

Appendix 1. 
C'finicall Observations with Criteria for Euthanasia (Rodent) 

Criteri:1: 
Appl•anmt·~: 

Respir:itory Rate.: 

Description: 

Normal [.~moorh coat. dear eyes/nose) 
lfo1tched amlfor 1111 ITl!d 
Ocul:ir <lischurge, and/or c<lcnta 
Soft stools (fecal mallcr amund anu~) 
Pule, white mucu~ mcmbrnnc~/skin 
Bloody diarrhc:1 
Bllit: muc:us membranes/skin lcyanosis)* 

Score 

Cl 
I 
3 
5 
6 
9 
12 

NMmal nreitthing () 
Change in hreaching la11 increase or decrease in respiracory rate from normal baseline> 3 
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Abdominal breathing (gasping+/~ open mouth breathing)* 12 

Gcner:d Behavior: 
Norma! (based on baseline observations) 0 
Stretl'11ing of hind limbs wilh abdominal molion (writhe) or grimace (App. Band Cl I 
Decreased mobility 2 
Alaxiu, wobbly, wc.ik 6 
Inability lo stand* 12 

Provoked Behavior: 
Normal (moves when cage is disturbed, nms from hand (mice) or investigates (rat)) 0 
Subdued: responds to stimulation (moves away hriskly) I 
Subdued even to stimuhition (moves away slowly) 3 
Unresponsive to gentle prodding 6 
Does not right when placed gently on side within 5 seconds* 12 

Weight loss 
0-35% with no other clinical signs 
='.'.35% weight loss 

• Regardless ol' score, immediately cuthanizc (death is imminent) 

Individual or Cumulative Score: 
< 6 Normal 
6 - 11 Morbid: See VI. D.2 and Vl.D.4 in IACUC Policy# !O for guidelines 
='.'. 12 Moribund: Notify rcspon~ible personnel immediately for eutham1sia (if no single criteria is 12* ). 

Any single criteria of 12* euthanize immediately; consider as 'found de:1d.' 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(April 2015) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and 000 instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol tor IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings. all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation tor responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRl Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations no1 covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., concepts, 
ideas, experimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 

*** DELETE THIS PAGE PRIOR TO PR'OTOCOL SUBMISSION*** 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PIROPOSAl SIGNATURE COORDINATION StiEET 

FOR IACUC USE ONLY 
PROfOC-OL NIJMSERl(b)(6) I 

St.bmlssion Date: 6/Z6i2015 '?!" Resubmission Date: 6127fZ015 

Approved/Returned lor Revision: 7/1412015 Approved!APP!'Oval Withheld by IACUC: 8127i2015 

1" Aest.bmission Date: 7tit0'201! EXPIRATION DAU;; 8126i2016 

Ap~roved'Returned for Revision: 7/Z9!2015 Previous Protocol Number (it refated) (b)(6) 
SECOND TIER RE\llEW 

(if reo,viredJ 

Submission Date: Approved/Rolurnod for Aovision: 

Approved/Returned far Revision: 2"" Resubmission Date: 

1" Resubrr1issio11 Date: Approved/Approvnl Withheld: 

NOTES It> Pl : 
• To DISPLAY this Word document's red-text instructions, R"'1"'v View Developer 

single-click Word 's Snow/Hide button (shown, right), 
located in Word's top-of-page panel (click Word's 
"Home· tab if Show/Hide isn't displayed) . 

• To HIDE the red-text instructions, single-click the 
Show/Hide boJtton again. 

:= • 1= • •;: . i lf i9r ~ 1 I[ ., 
· - :1 - , ... .. .. , , 

~ . =-• [!?·I 
o. • 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make entries into tr e red-text instruction text. Single-click your mouse cursor ln the data field, then 
begin typing. 

I. NAME OF FACILITY: Armed forces Radiobiology Research Institute 

11. PROTOCOL NUMBERl(b)(6) 

Ill. PROTOCOL TITLE {b)(4} rotection from Radiation-Induced 
(b){4) Injuries in a Murine Model (Mus muscu/us) 

IV. PRINCIPAL INVESTIGATOR: 

Date l(b)(S) IPh."'D ..... ........ --------
Associate Pro tessorl._fb•)llll~l!il)._._._r.--io!'!""!"!"!~--..._---

l<b)(6) lofflce;, .... ~=i_.._,(6"'") __ ....1Pax; icbl(6) 

V_ DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
and is consistent with good scientif ic research practice. 

Date ~oi..m1. ____ ---1Ph._D_. ----------
Professor and Chalrm.;.;.a;;;.;n.;.i.1._rb_.l(.-6l ___ 'T7!"'....,..----'-------. 

Hb)(S} lot1ice; .... l(b_)(_6) __ _,ltax;l(b)(6) 
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VI. SJAl]_S_Til_C_AJ__RE_YtE_W: A person knowledgeable in biostatistics reviewed this proposal and 
ensures mat the numlJ~r of anirrrals used is appropriate to obtain sufficit!nt data and/or is no~ excessive, 
and ihe statlsiieal design is appropriate for the intent of the study 

l(b)(6) I PhD Date 
Statistician 
Telephone""'l(b,..,.)("'"'6.,...) ---1 Fax l(b)(6) 

VII. ATIENCING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Aitending Veterinarian was consulted in the planning of procedures and manipula!ions that may cause 
more Vhan slight orr momentary pain or distress, even if relieved by anesthetics or analgesics . 

... l(b_l(6_l ___ ____.I DVM, DACLAMj L TC, VC; USA Date 
Scit:lnees Department , APRRl 

...;..,;.,..._.;.;.;.;;.i ___ _.,,Fax:l{b)(6) I 

VJll. SAF1EiY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of oompleted AFAR/ Form 310. EHS Research Protocol Hazard Analysis) 

Date 
peCialist, USUHS 

IX. IACUC AIPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Commlttee on ====~--

(Date) 

(b)(6) Ph.D. 
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PROTOCOL TITLE~(b)(4 ) !Protection from Radiation·lnduced l(b)(4) 
ICb)(4) !Injuries in a Murine Model (Mus musculus) .......,.....,_ ___ _, 

PRINCIPAL INVESTIGATOR: 

Date l(b)(6) I Ph.D. 
Associate Professor.,""'<b....,.)""'(6.,....l -----------. 

j(b)(6) loffice:..__(b..-)( .... 6) __ _,~ax; l(b)(4) 

CO-INVESTIGATOR(S): None 

AFRRI SCIENIT,JFIC RESEARCH PROTOCOL NUMBER: 

I. NON-TECHNICAL SYNOPSIS The 1e(rorist attack of September 11, 2001 against the 
United States has increased the concern that terrorists may acquire and use rad[oac1ive sources 
(e.g. dirty radioactive bombs) to expose military and civilian populations to ionizing radiation. 
However, despite this concern, there are currently no FDA approved drugs that can be used for 
the · ~ population to prevent death that is likel to result from ex osure to ionizin ~ion. 
b 4 rtadiation in humans can result in bot b 4 ................ _-:-~-:'""."'"";:;:;:::~==-=;r:-:"-:-~~ 

(b)(4) injuries. However, because rOdents are more resistant to b 4 _ injuries than 
humans, there is ,currently no murine model that has been developed to study bothl(b)(4) 
(b)(4) !radiation iriiuries in the same animal. .......,.....,_ _ __, 

II. BACK'GROUND 

11.1. Batkgr.c>und The acute toxic effects of exposure to high doses of ionizing radiation in 
humans have been shown to occur due to two sequential effects: first the ablation of immune ceUls. 
resultin . In loss of immune function and increasing likelilhood of pathogenic infectionl(b)(4) J 

(b)(4) .and_s~u.M1L.1oo_lo_ss of e ithelial _mgenitor cells of the gastrointestinal 
(GI) crypt (b)(4) Both of these events have been 
shown to e · ue ito t a oss o ast-grow1ng p unpotent an iOr progenitor cell types. The time couirse 
of the aculte injuries correlates with the lite span of the mature cell types of the tissue, which are not 
replaced because of radiation damage to the adult pluripotent cells and adult stem cells. There is 
curre~tly n? FDA aoproved pr~phyla.ctic or _treatment for prevention of acute radiation injuries 
following h1gh-dosd(b)(4) Jrad1at1on exposure. 

In some cases supportive measures can be used to treat acute radiation s ndrome, and 
survival froni(b}(4) ~adiaticm exposure is now possibl (b)(4) his results in 
current efforts to mitigate or treat later stage effects ot ionizing radiation exposure. (b)(4) "------
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b)(4 ) 

In humans death froml(b){4) tan occur following 
survival froml(b)(4) I 
Cumulativ,e evidence from a number of laboratories. indudirn r , iWn. sfhows tthatt -there i:s a 
threshold dose of radiation otl!bl(4) I to induce sufficient (!b){4) . for thE,=J{lb)(4) I 

(Wll4Llpha:ses to occur in mice; below these doses. no permanent jnj1nv maoHe:stts, a~though 
some short-term effects are observedl(ti}(4) ) Howevet, in 
humans, tlhere '1s currently no accepted protocol for preventa:tnve t1r,eatment of radiation-induced 
'b 4 and morbiditi as hi h as 50% is asscmiat·ed wittlh eacih 1 'has •(b){4) 

(b)(4l injuries from ra iation is considered to be a serious probllem in the f1ie d or 'the 
developmelht of agents to prevent these radiation injuries. 

(b)(4) -s a tadio ~ totectant and an anunbrotic auent: 1Jb){4) I 
(~{1L nd its proteolytic producl (b)(4) re he'lieved lo !have thenr primarry biotogicall 
functions in blood pressure homeostasis However (b)(4 have been demons1rated to be 
upregulated in fibrotic tissues. Inhibition of RfilE]or blockade ol 1h ~lb)(4) reoepto1rs on cells has 
been slhown to ameliorate dru -induc (b) 4) in murine arid rat model · {Q)i4) 
(b)(4) receptor 
andagonts~s a so preven car 1ac remo e 1ng o owing 1sc aem1 rnpe ismn 11t1 irat models of 
cardiac remodeling diseases Hb)(4l I Several studies have also shown that inhfiba11on of'""ib,..,......4,,...--. 

l(b){4) pignaling mitigates radiation-induced injuries includin to tthe heart and {lb)(4) 
. 1b}14~ I One study shows that the b)(4) edru._:c_e_s_a-cu ..... -e -.-am-ag_e_, 
to ~he jejunai mucosa in mice following exposure to (b 4 This work examined 
only Initial tissue injury and did not extend findin s past 5 days. and dod not e:XalJ1lila111e miortali'.ty. A 
second :stud found a reduction in b 4 andl(b)(4) lo111 rats exposed to...,l(b""'")('-4'-) __ ___, 
(b)(4) radiatio (b)(4) ....__ ______ _, 

Preliminary Studies: 

(b)(4) 
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(b)(4) 

lf.2. Literature Search for Duplication 
11.2.1. Literature Sources Searched1) Biomedical Research Database (BRO) 
(Mp :J lwww.dtic.mil/biosys/ org/brd/) 
2) Computer Retrieval of Information of Scientific Projects (RePORTER) database 
(htltp,Jlprojectreporter.nlh.gov/reporter.cfrn) 
3) PubMed (http://www. ncbi.nlm. nih .gov/entrezique1y. fcgi?db=PubMed) 
11 .2 .2. Date of Search Data base searches conducted on 6/03115. 

11.2.3. Period of Search Searches conducted for the entire time periods available in each 
data base. For BRO, 1998-2015; for RePorter, 1979-2015. For PubMed, 1970-2015. 

11.2.4. Key Word's of Search Searches were performed using the following key word 
combinatio:ns: 

l(b)(4) 

11.2.5. Results of Search 1) BAD~(bJ(4) I 
Two grants were funded to examine t~h~e~a~ct~iv~ity~of~icb""'l""'(4""'1 ---------....L.,1 

(b)(4) 

2) A RePORTER search reve~led 2 current grants studyjng the effr: cts of l<b)(4) 
radiation induced injuries fofb)(4) _ ......_ ____ __, 

l(b)(4) 
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(b)(4) 

None of the funded studies duplicate our research l<b)(4) 
l<b)(4) I -------------

3) PUBMEO Search 613115 
None of the eublications available described a murine model for bothl(b)(4) 

l<b)(4) Jinjuries from radiation. _________ _, 

(b)(4) 
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(b)(4) ' 

.. 
Sarnmarv ot othei oublications· 

(b )( 4) 
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(b)(4) 

Ill. OBJECTIVES I HYPOTHESIS Our obiective is to1(b)(4) I 
(b)(4) 

IV. IMILJTARY RELEVANCE The Department of Defense is prepared to execute military 
missions wlithin radiation environments, to manage radiation crises associated with terrorist 
actiV:ities, and to manage consequences in the event of nuclear weapons detonation. Recent 
studi'ias indicate that there is an increasing risk of exposute to ionizing radiation (IR) to military 
personnel due to increasing terrorist activities, including potential use of stolen nuclear weapons or 
dispersal of radioactive material in a "dirty bomb"HbJ(4) I Because 
of potential exposure of military personnel to radiation, the DoD is committed to protect members of 
the Armed Services tram the adverse health effects of ionizing radiation. High dose IR causes 
short term, acute injuries including hematopoetic and GI syndromes. However. both hugh and low 
dose IR (as may result from a radiation dispersal device) can caus~(b)(4) l as 
demonstrated by Japanese atomic: bomb survivor data as well as accidental exposures to Russian 
populatt ions ICbJ(4) I While early effects of radiation injury now have 
treatment/ prophylactic strategies. the delayed effects currently have no treatment. Lack of 
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treatment for late effects of radiation, includingl(b)(4) lwill llkely lead to delayed 
morbidlty and mortality for personnel exposed lo IR. 

The Department of Defense (DoD) Chemical and Biological Defense Program 2007 Annual 
Report to Congress, Chapter 2.7.6 Medical Radiological Defense, addresses the requirements 
for the development of radioprotectants. This priority is outlined for the development of if 1~\ - tjnts tor Mth acute ana delayed ra.diation injuries, with an emphasis anl(b)(4l 1 

According to this report, the mitigation ofl(b){4) lis a major . 
researct1 thrust area .. l(b)(4l I 

(b )(4) 

V. MATERIALS AND METHODS 

V.1 .1. Experiment 1 Examine the mechanism of radioprotection fromHb)(4) 
(b)(4) 

(b)(4) I An 
understanding 1of the mechanism(s} of both sensitization and protection will help in the 
rational design of radioprotectants in the future. 

1.1. Mature and progenitor blood cell effects ofl(b)(4) latter 
l(b)(4) !irradiation ------------' 

One dose of radiation will be used (b)(4) 
(b)(4) Grou s wil!I be: Radiation 
only, (b)(4) 
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,.,.<..,.b;1,..,.(4,.__ _________________ __,Time points will beJ .... {b_)(_4) _ _, 
(b (4) days pcstirradiation for euthanasia to obtairn 

""'(b"l"')f'"'"4) ______ _,.M~ic~e~n~e~ed""'e~d-..f""'o"""r ex erlment: needl(b) Ito reach statistical 
significance for (b){4) _ Note: the effects of (b)(4) 

(b (4) 

(lb) 4) e s am group w1 receive no 
treatment, and w111 be euthanized on day o to establish normaHb)(4) !levels~ 

(b)(4) ........... D _mice/group) x (3 conditions) x (6 time po ..... -1n..,..t,..,..s)_=_.l_lb_)<4_) ____ -.--___, 
(b)(4) ... O •ce/group x sham group, no treatment = .... l(b_}(_4_) _______ __, 

r)(4) 

One dose of radiation will be used (b)(4) 
{b)(4) Grou ~s wilil b~: ad1ation 
onl,. b)'(4) 
(b)(4) 

,...(o .... c .... 4 ..... ) _______________ ........ Time points will be .,,..(....,bJ....,(4)..__ ___ _ 

(b)(4) fo r ex ·eriment: nee .. ·o·reach 
statistical sl 
(b)(4) 

b)(4) ie s j(m 9fjUP w1 receive no treatment, 
and will be euthanized on day 0 to establish normal b)(4> levels. 

(b)(4) .. -Qice/group) x (3 conditions) x (4 time poir:-:n-:-ts~) :""'d._(b_)(_4) ______ ~i...-..1 
(b)(4) .. . ·' onice/group x sham group, no treatment 9 .... <b_)<_4_) ________ ..... 

Endpoint Endpoints for the experiment will be taken a1'S6)(4) ldays 
postirradiation for experiment 1 a, and l(b)(4) t:Jays postirradiation for 
experiment 1 b . . Early time points will be if any animal exhibits signs or symptoms of 
morbidity or moribundity in accordance with AFRRI IACUC Policy #10. Ouir score sheet 
is also attached. Such animals will be euthanized at the time of observation. 

V.1.2. EXDeriment 2l(b)(4) I 
(b){4) 

(b)(4) ............... Mi~e needed .. for,e)c eriments~·Droup to reach statistical significance for survival. 
(2 regimens o (b)(4J -~ dministration x 5 doses oi radiation) x Omice/group).x(2 .. Jb.}(~L 

:expt) (b)(4) __________ __, 
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{b )( 4) 

Endpoint Endpoint for the experiment will be survival a0days·~··-ARimals suriv.ing at ..... .... J~)<.~2 ... 
(b)(4) .. -··· .EJdays will be euthanized. Early time points will be if any animal exhibits sigrils or 

symptoms of morbidity or moribundity in accordant~ with AFRRI IACUC Policy #10. Our 
score sheet is also attached. Such animals will be euthanized at the time of observation. 

V.1.3. Experiment ~(b)(4) 
(b)(4) 

(b)(4) .......... n,,ice/otou -) x (3 doses ofl(b)(4) 
(b)(4) I 

Ix (2 times of administration) = ... l<b_)(_4> ___ _. 

~oint . Endpoint for the experiment will be survival aO _· ays:··Aniimals .. survlving .. .to . J~)~~). 
(b)(4) ......... -.. -~days will be euthanized and tissue will be obtained. Early time points will be if any 

animal exhibits signs oF symptoms of morbidity oF moribundity in accordance with 
AFRRI IACUC Policy #10. Our score sheet is also attached. Such animals wflf be 
euthanized at the time of observation. 

V.2. Oat.a Analysis Experiment 1: Analysis of variance (ANOVA) will be used to detect 
sig111iticant difference among the groups. If significant, then the pair-wise comparison by Tukey
Krarner will be used to identify which group is different from the other. For experiment 1. 1, N = 

(b}(4) .... . EJnice per group could have 80% power to detect any significant difference between groups if 
any. given type I error of 5% and delta/sigma has at least 1.4, where the delta is the estimated 
m_ ean differences between the two groups and sigma is the.p~ed standard deviation of the two 
groups l(b)(4J I For experiment 3, we only need N i_Jbased. onour. .. cur.rent .data..fr.om (~~.(~.L 
radiation experiments and induction of apoptotic and senescence markers. 

Experiment: 2 and 3: Log-Rank test will be used for comparison among groups. ~f 
significant, Fisher's exact test will be used to detect significant differences across the groups in 
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(b)(4) .. .................... suMval.rates-at aaOKaplan Meier curves will be displayed. N =Dmt-eeper .. gr.oup.wllL...... j~)(4) _ 
have 80% power in detecting a significant difference between two groups if any,. given type I 
error of 5% where the treatment group survival rate is at least 68°/0, compared to a control group 
survival rate of 20%. Similar statements would apply, if the treatment group survivai rates are at 
least 83%, 78°/<>, or 73%, compared to vehicle group survival rates of 35%, 30%, and 25%, 
respectively l(b )( 4) I 

V.3. Laboratory Animals Required and Justification 

V.3. 1. Non~animal Alternatives Considered For the last 9 years, we have utilized primary 
cell culture systems to examine anti-apoptotic mechanisms; however, we must determine 
Whether our culture findings are relevant in whole animals. We will continue to use primary cell 
culture whenever possible to avoid unnecessary use of animals. We have also considered 
computer models as alternatives to animals. However, this alternative aiso lacks the 
knowledge base and complexity needed to evaluate radioprotective and radiotherapeutic 
agents. 

V.3.2. Animal Model and Species Justification Tissue culture conditions cannot fully 
substitute for the complexities of whOle organisms in response to radiation injury. Such injury 
involves the interactions between thel(b)(41_ ~ystem and other organ systems .. In order 
to develop viable treatments for humans1 we find that our research must be conducted in whole 
animals. 

l<b)(4),(b)(6) blso advocates the mouse as the 
bes1 species to use for radiation protection and radiotherapy protocols: 1) mice provide the least 
sentient species available whose response to fadiation has been clearly identified; with 
physiological responses ~o radiation and radioprotectants that are similar to human physiology, 
2) extensive literature is available on responses of mice to radiation and countermeasures. 3) 
more reagents are available to study the relevant cell types and molecules in mice than in any 
other species except humans, and the availabi lity of transgenic and knockout mice make this 
model extreme! attractive tor further research into molecular mechanisms. and 4.._JC_b)_(6_)~--
(b)(6) have extensive experience with this model in radfaiion injury and 
ra ~ 1oprotect1on r·esearc l(b)(6) I 
V,3,3, Laboratory Animals 

V .3.3.1. Gen us I Species Mus musculus 

V.3.3.2. Strain I Stoc'k C51BU6 mice, female. C57BU6 mice have been used byl(b)(6) 
l(b)(6) . ltor the study of rndiation-inducedl(b)(4) trf11ries ..... T-h-es_e_m-ic_e_,· 
are also used lby other laboratories. They provide consistent, reliable data for..,(b_.) .... <4 .... ) ___ ___. 
injury and recovery, 
CSA, female. CBA mice have previously been demonstrated to be sensitive to radiati1on·induced 
b 4 n a shorter time course than C57BLl6 mice, and in a pattern that 
more d oseJy resemble (b)(4) in humans l(b)(4) I 

V.3.3.3. Source I Verido• .... (b...,l(..,4.._l _ ___.ror ooth C57Bl/6 and CBA (tulty accredited by AAALAC lnl) 

V.3.3.4. Age 6-10 weeks (mice are ordered 6-10 weeks of age and irradiated from 12-14 
weeks of age) 
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V.3.3.5. Weight Normal adult w12ight range for these strains: 17-21 g 

V .3.3.6. Sex Fernale. Only females will be used in this study for the following reasons: 1) we 
have so far utilized female mice to lay the foundation of our studies for radiation=inducedi(b)(4) 

ICb)(4) finjuries; 2) because of long housing periods, it is advantageous to use 
f•emale mice that are less aggressive toward each other. 

V.3.3.7. Special Considerations Commercially procured animals must be advMtitious 
disease free. Mice= IPathogen=free; including Pseudomonas aeruginosa, and Pasteu(ella: All 
mice need to be free of the following agents: Sendai, Pneumonia Virus of Mice (PVM), 
Reovirus~3 (Reo 3) , Mouse Adenovirus (MAD-1, MAD-2), Mouse Cytomegaiovirus Virus 
(MCMV), Ectromelia, K virus, Lymphocytic Choriomeningitis Virus (LCM), Epidemic rnarrhea of 
Infant Mice (EOIM), Hantaan virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse 
Minute Virus (MMV), Mouse Thyrnic Virus (MTV), Theiler's Mouse Encephalomyelitis Virus 
(TMEV/GDVll), Encephalitozoon cuniculi, CAR bacillus; Helicobacter spp. Mycoplasma 
pulmonis, and C/ostridium piliforme. Endoparasite- and ectoparasite-tree. 

V.3.4. Number of Animals Required (by species) 
Mioe C578L/6 strain~ 
Mioe CBA strain L__J 
Total mioe:l(b)(4) I 

V.3.5. Refinement; Reduction; Replacement (3 R's) 
V.3.5.1. Refinement Animals demonstrating moribundity due to radiation exposure 

l<b)(4) I will be considered_ to have arrived at the study endpoint and willl be 
immedijately euthanized (See sections V.4.5 Study Endpoint and V.4.6 Euthahasia}. The 
!literature search revealed that, at present, th1Me are no alternative procedures for irradiation 
because its effects cannot be otherwise duplicated. In some cases radiation has been 
~emonstrated to reduce pain in laboratory mice l<bJ(4) !and l1as ooen in 
humans reported to alleviate cancer related bone pain ~IC;;,,.bl"""C4,;,i.)..,....~~~~~~~~~~~ 

!Cb lC 4l I A recent report showed that administration of botulinum toxin A was effective fer 
reducHon of pain and muscle srasm~ af~er clinical radiation for tre.atm~nt of tun;o~s '"'l(b,...l.,..(4"""! ---

!Cbl(4) . Apphcat1on of natural honey 20 min prior to radiation exposure 
was also shown to r_e_dw~_ELmu_c_osttis_wjJb_ assoclated pain in humans following headineck 
radiotherapy l~b)(4) I it has not been determined whether honey acts as a 
local radioprotectant. Spinal cord stimulation has also been reported in humans to alleviate pain 
resulting 'from radiotherapylCb)(4) l however, this method would not be 
prac~i~al f o~ use in mice. because o_f the ext~nsive splnaf cord manipulation r~qui~ed. Human 
adm1rnstratiJon of morphine also relieves painl(b)(4) J but agam this would not be 
practical for mice in our experiments because of side effects of the drug. In humans, exposure 
tof!bK4> ) inradiati~n may ind~~e vomiting and diarrhea, causing patn and distress, However, 
mice are not susceptible to vom1t1ng. 

V .3.5.2. Reduction Whenever possible our laboratory used shared control groups between 
experiments. Tissues will be collected tor multiple assays from the same an imals, further 
reducing the ltotal number of animals needed. At every stage of the research, planned 
experiments will be reevaluated, in an attempt to reduee the numbers of experiments and 
eliminate repeats of experiments where statistical significance has already been obtained. We 
also 1Plan to take as many tissues as we can reasonably analyze for experiments examining 
protein oxidation. 
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V.3.5.3. Replacement Our laboratory has made extensive use of tissue culture techniques to 
study the effect$ of captopril, Ang II, and radiation on cells. While these studies have provided 
valuable data. it is not feasible to use non-animal systems in place of animal models to address 
the 'research questions in this protocol. 
V.4. Te'chnical Methods 

v .4.1. Pain I Distress Assessment 

V .4.1.1. AIPHIS Form 7023 Information 

v .4.1.1.1. Number of Animals 

V.4.1.1.1.1. Column C (b)(4) # of animals) 

V.4.1.1.1.2. Column D (#of animals) 

V.4.1.1.1.3. Column E ----- (#of animals} 

V.4.1.2. Pain Relief I Prevention 

V .4.1.2.1. Anesthesia I Analgesia I Tranqu i lization We will be unable to use analgesics 
since they have effect-s ,on b 4 function that would interfere with the interpretation of 
our results (b)(4) Some anesthetics 
and sedatives have been reported to contribute to postoperativ b 4 which 
llkely reduce some functions of radiation, Additionally, it has been shown that the biometabolism 
of anal esics can induce protein oxidation, which would interfere with sample analysisl(b)(4) 

(b )( 4) ....._ __ _, 

Animals in experiments involving blood collection will be deeply anaestheti,zed immed6ate-ly prior 
to sample collection. For euthanasia, animals will be given 0, 1-0.2 mVmouse pentobarbital 
(Fatal Plus 50 mg/ml) given i.p. with a 25 G needle, 

An anesthesia protocol has been developed for use during the SARRP irradiation, Mice will first 
be placed in a charnber to deliver isoflorane (3-5% isoflurane in 100% oxygen), until deep 
anesthesia is obtained, Animals will then be placed in position in the SARRF' with a nose cone 
properly positioned to deliver inhaled isoflurane (1 -3% isoflurane in 100% oxygen). During 
i rrradiai~ion, animals will be monitored in real time by camera. If any animal appears to be ou~ of 
alignment, experiments will be paused to allow repositioning of the animal. 
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V .4.1.2.2. Pre- and Post-procedural Provisions Animals will be housed and cared for as 
described in Section V.5. Veterinary Care both before and after dose administrations and 
irradiation procedures. 

V .4.1 .2.3. Paralytics None 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures. 
V .4.1.3. 1. Sources Searched Sources searched: DcD Bioedlcal Research Data Base 
(BRO), CRISP. PubMED 

V .4.1 .3.2. Date of Search 6/03/2015 

V .4.1.3.3. Period of SearchSearoh covered published manuscripts from ~1965-presernt. 
(BRD search included all available years 1998 -2015). 

V.4.1 .3.4. Key Words of Search Pain, analgesia, mice, radiation, ionizing radiation , humane 

V.4.1.3.5. Results of Search The literature search revealed that. at present, there are no 
alternative procedures for irradiation because its effects cannot be otherwise duplicated. In 

ra i 1 n h · monstrated to induce opioid-mediated analgesia in laboratory 
~~.,,....,....,....,.,....-----...a:liil!!lltb. YliilibW.lii.lii!.L.W..1.1.W.~ns reported to alleviate cancer related 

bone pain (b)(4) A report showed that administration 
of botulinum toxin A was etf ectlve for reduction of pain and muscle spasms after clinical 
radiation for treatment of tumors j(b){4) I. Application of 
natural honey 20 min prior to radiation exposure was also shown lo reduce mueositis with 
associated pain in humans following head/neck radiotherapyl(b)(4) I it has 
not been determined whether honey acts as a local radioprotectant. Spinal cord stimulation has 
also been reported in humans to alleviate pain resulting from radiotherapyl(b)(4) I 

Ub}(4) !however, this method would not be practical for use in mice because of tM extensive 
spinal cord manipulation required. However in a separate study in mice, low dose focal 
irradiation in a mouse model of bone cancer was associated with spinal changes in neuro
mediators of nociception the sense _neurons that respond to potentially damaging stimuli by 
sendin ain si na.1- b 4 Human administration of morphine afso relieves pain 
(b)(4) but again this would not be Rractical for mice in our experiments because 
of s1ide effects of the drug. In humans, exposure td(b)(4) Irradiation may induce vomiting 
and diarrhea, causing pain and distress. However, mice are not susceptible to vomiting. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification The literature 
search revealed that, at present, there are no alternative procedures for irradiation because its 
effects cannot be otherwise du licated. In some cases radiation has been demonstrated to 
reduce pain in laboratory mice (b)(4 nd s_beeoJn_burnans reported to 
alleviate cancer related bone pain (b)(4) A recent 
report showed that administration of botulinum toxin A was effective for reduction of pain and 
muscle soasms after clinical radiation for treatment of tumor!iw.(b_.)...,(4.l _________ __. 

l<bJ(4) IAppllcatlon of natural honey 20 min prior to radiation exposure was also shOwn m 
reduce rnucositLs..with associated pain in humans following head/neck radiotherapy 

l(b)(4) I it has not been determined whether honey acts as a local 
radio~rotectant . ~pinal cord stimulation_bas also been reported in ~umans to alleviate pain 
resulting from rad1otherapy~b)(4) J however, this method would not be 
practical for use in mice because of the extensive s inal cord mani ulation required. Human 
administration of morphine also relieves pai (b) 4) but again this would not be 
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practical tor mice in our experiments because of side effects of the drug, In humans, exposure 
toHb)(4) !irradiation may induce vomiting and diarrhea, causing pain and distress. 

V.4.2. Prolonged Restraint 
No prolonged restraint is required fo~(b)(4) irradiation b 4 irradiation will r uire 
restraint in the SAARP for 20-45 min to receive X-ray exposure (b)(4) 

l(b)(4) lanimals will be anesthetized using inhaled isoflurane du-ri_n_g-th-is_p_e-ri-od-(s_e_e_A_n-es-t-he-s-ia-
above). 

V.4.3. Surgery 

V.4.3.1. Pre,.surgical Provisions Not applicable 

V.4.3.2. Procedure{s) None 

V.4.3.3. Post-surgical Provisions Nat applicable 

V.4.3.4. Location Not applicable 

V.4.3.5. Surgeon 

V.4.3.6. Multiple Major Survival Operative Procedures Not applicable 

V.4.3.6. 1. Procedures Not applicable 

V.4.3.6.2 Scientific Justification Not applicable 

V.4.4. Animal Manipulations 

V.4.4.1. Injections Intra-peritoneal injections of pentobarbltal for euthanasia 0.1-0.2 ml/mouse 
Faltal !Plus (39-78 mg pentobarbital/mouse), will be performed with a 25 G needle. 

V.4.4.1.1. Pharmaceutical Gradej(b)(4) l<bJ(4) I ..........,. _____________ _ 

V.4.4.1.2. Non-Ph a rmaoeutical Grade Drugs Not applicable 

V.4.4.2. Biosamples 
Blood will be tal«en tmder dee anesthesia with -ento arbital. All other biosamples will be taken 
after euthanasi (b)(4 or analysis wiill 
removed en bloc. Intestinal tissue will be taken in smaller amounts (the first segmMt of the 
small intestine). All other tissues will be available to other researchers for tissue sharing. 

For some experiments, blood will be obtained from the animals. Blood will be taken by percutaneous 
intra-cardiac collection using a 23 - 22 g needle. All other tissues will be avai lable tor tissue sharing 
with other investigators. lntra·cardiac puncture must be performed under deep anesthesia and is 
considered a non-survival procedure. The mouse is deeply anesthetized and toe pinch response willl 
be used to determine the depth of anesthesia. The ventral chest will be wi.i:ied with 70%, ethanoL A 
23 - 22 g needle will then be inserted at the base of the sternum, bevel upJ(b)(4) I a1 
a 15-20~ angle directed to the left of the midline. Once the needle is inserted, the blood is slowly 
aspirated. If no blood is observed, the needle is repositioned with slow aspiration. Once the blood! 
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volume 11s collected, the mouse is eLlthanized by cervical dislocation while still under deep 
anesthesia. i,ypically 0.5·0.75 ml of blood is collected; sometimes less blood is available after 
radiation exposure. 

V.4.4.3. Adjuvants Not applicable 

V.4.4.4. Monoclonal Antibody (MAb) Production Not applicable 

V.4.4.5. Animal Identification 
All cages will have cage cards identifying the treatment groups for each experiment. For 
experiment 3, each animal within a cage will receive ear punches for individual identification (1 
= no cut; 2 = right ear upper corner; 3 = left ear upper corner; 4 = both ears). For experiments 1 
and 2, we have found that tails can be marked with an indelible marker tt'lat remains visible for 
the duration of the experiment for the purpose of scoring pain on each indivlduai animal (1 = 1 
Hne; 2 = 2 lines; 3 = 3 lines; 4 =no lines.). 

V.4.4.6. Behavioral Studies Not applicable. 

V.4.4.7. Other Procedures 

j{b)(4) I Mice will 
be placed irn well-ventilattid Plexiglas boxes (standardized for the cobalt irradiation facility) for up to 
45 min; but usually less time, during acute irradiation procedures, Following radiation exposures 
mice will be immediately moved to standard sized cages tha.t house either 4-8 animals per cage. 
Holders will be sanitized after each use. 

(b)(4) 

blf4l lthis dose of radiation is currently under determination inr 
armttrnr experiment Mice will first be placed in a chamtJer to deliver isoflurane (3-5% isoflurane 
in 100°/o oxygen). until deep anesthesia is obtained. Animals will then be placed in position in 
the SAR RP with a nose cone properly positioned to deliver inhaled isoflurane (1 -3'% ~soflurane 
in 100% oxygen). During irradiaition, animals will be monitored in real time by camera, If any 
animal appears to be out of alignment, experiments will be paused to allow repositioning of the 
animal. Following radiation exposure, mice will be allowed to recover from anesthesia under 
supervision, with heating pads. Immediately upon recovery, animals will be returned to standard 
cages that house 4-8 animals per cage. Holders will be sanitized after each use. 

V.4.4,8, Tissue Sharin - For most studies b)(4) ill be removed en bloc, an b 4 
ICb)(4) lwill be obtained. (b)(4) 

.....,.,__~----,..,....-~......,..........,....~.....,..,.~,,..-.....,....~....,.,..........,....~-=----,......,....~.,....-......,...__,, 

All other tissues will be available for tissue sharing wiih other investigators. Our laboratory has 
made exlensive use of shared tissues for training and technique development fo~issue, 

V.4.4.9. Animal By-Products Not applicable 

V.4.5. Study Endpoint Endpoints will be taken ad(b)(4) bays postirradiatkm 
for experiment 1 a, and atl(b)(4) ~fays postirradiation for experiment 1 b. Animals will be 
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euthanized at the endpoints and tissues will be obtained, Early time points will be taken if any 
animal exhibits si · ns ors 1m toms of morbldit or moribiundit in accordance with AFRRI IACUC 
Policy #10. (b)(4) 

b 4 Early endpoints will be used in the case of 
morbidity and morbundity. Specific Malth assessment criteria including rapra weight loss, ruffled 
fur, dried lacrlmal fluid accumulated in the cul-de-sac of their eyes, are cool to the touch, 
decrea,s~d appetite; diarrhea; difficulty breathin~ or panting ICb)(4) 

l(b)(4) jwill used to determine early study endpoints for eul ... h_.a .... na""'s-ia- .-M-i,....c_e_e-xh_i_b_iti-ng-th_e_s_e _ _, 
signs will be considered morbid and will be monitored by the Pl or other members of the 
irnvestigative team at least twice daily, early morning and late afternoon. Mice wrll be considered 
moribund when, in addition to showing some or all of the signs of morbidity, they exhibit labored 
breathing plus either an inability to remain upright or are unmotivated 10 move. Morbid or 
moribund mice will be automatically euthanized as desc:ribed in accordance with IACUC Policy 
1 o. As mice will be checked twice daily. the longest period of time that any animal may exh~bit 
siglils of moribundity is -16 h (the overnight period). 

V.4.6. Euthanasia Moribund animals, as defined by AFRRI Policy #1 O, and animals at the 
stated endpoints of experiment 2 will be euthaniz:ed using ca:~, followed by cervical dislocation 
to confiirm euthanasia. An imals at the stated endpoints of experiments 1 and 3 will be 
euthanized by injection of 0.1·0.2 ml/mouse Fatal Plus (39·78 mg pentoba(bital/mouse). i.p. 
using a .25 G needle. Euthanasia will be confirmed by cervical dislocation. Animals which 
appear to be experiencing pain or distress as a result of radiation exposure or are found 
moribund will also be euthanized by pentobarbitol and necropsied. Animals used for blood 
collection will be deeply anesthetized with pentobarbitai and after blood draw wlii be euthanlzed by 
cervical dislocation or :oy thoracotomy. At the end of experiments, unused animals will be 
trarnsferred to other protocols or euthani:zed by exposure to 1000/i:, C02 from a compressed gas 
cylinder in accordance with the current American Veterinary Medical Association <AVMA) 
Guidelines for Euthanasia. Exsanguination, cervic~I dislocation, andtoflli > rwilll be 
used as a secondary measure to en.sure euthanasia. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations All of the animals used in this study will be housed in the 
VSD facility in cages of 4~8 mice. Food and acidified (2.5 ~ 3.0 pH) water (to minimize 
Pseudomonas infection) and Harlan Teklad Rodent Diet #8004 will be available ad !ibitum. The 
12:12 hr · Ii hts off at 6 · m VSD room Ii. ht c de is fine for all the studies. (b)(4) 

(b)(4) 

Additional medicated water willl be present in the room, irn a labeled and dated bottle ~n case a 
bottle needs to be refilled and staff cannot be reached. 

V.5 .. 1.1. Study RoomUblt4UblC6l 
(b)(4),(b)(6) 
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r)(4).(b)(6) 

V.5.1 .2, Special Husbandr~ Provisions (b){4) 
(b)(4) 

V.5.1.3. Exceptions Mice will be group housed except during the Irradiation exposure as 
described above or in the event that their cage mates have had to be removed from the studly. 
Under these circumstances they may be housed individually. 

V.5.2. Veterinary Medical 

V.5.2.1. Routine Veterinary Medical Care Experimental animals will be observed twice a 
day during the critical period by one of the study investigators or technicians and scored 
a.ccotdfing to Policy 10. Animals will be observed once a day during the critical period by VSD 
personnel, for a total of three visits a day during the critical period in accordance with AFAR I 
Policy 1 o. VSD personnel will also monitor the animals twice a day during their rounds. As 
described in another section (study endpoint) morbid animals will be monitored at least twice 
daily. morning and afternoon. The experimental design does not contemplate supportive 
therapy. The justification for not providing supportive care has been described In the study end 
point section as well as in the pain category section_ Cri teria to be used for health evaluation 
while the animals are on study are as stated in Policy 1 o: weight loss, appearance, general 
behavior, provoked behavior, and respiratory rate. Animals exhibiting adverse signs may be 
euthanized1 and considered to be at the study endpoint. 

V.5.2,2. Emergency Veterinary Medica1 Care Emergency veterinary medtcal care is 
available 24 hours a day, 7 days a week, including weekends and holidays. 

V.5.3, Environmental Enrichment 
V.5.3.1. Enrichment Strategy Environment enrichment for the mice will be provided with the 
addition of nestlets and/or hiding tubes to each cage. Group housing of the mice also provides 
social enrichment. 

V.5.3.2. Enrichment Restrictions None 

VL STUDY PERSONNEL QUALIFICATIONS AND TRAINING 
YRS/MOS 

NAME DEGREE TRAINING DATE PROCEDURES EXPERIENCE 
(b)(6) M.S. AFRRI Multiple 1,3a,4,5,7a, 7b, 7c S+yrs 

dates 
Ph.D. USUHS/AFRRI (b )(6) 1, 3a, 5 5 yr 

Ph.D. AFRRI 1, 3a; 5 <1 yr 
S.S. AFRRI 1, 3a, 5 S vr 
Ph.D. USUHS/AFAAI 1, 3a. 5.?b dVr' 
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Proceduro and l'lianipulatiOfl cOcJgs: 
c ·ode 1 .. Animal handling and euthanasia 
Code 2>< Surgery {11septic technique) pre· and post·oPetative care 
Code 3• injections 13a-ip. 3b·sc. ;kgavage) - can say 3 if trained in all man~pulations or add 3d·iv 
Code 4= 'Blood collection under anesthesia (4a-cardlac, 4b-posterior vena cava) 
Code 5• Tissue collection (aftet euth.:u1asia) · doesn't heed to be spedllc 
Code 6 =Implantation (provide details } 
Cade 7 "' Others 

1a. Ear punch tor animal identification 
7b .. Cobalt irradiation 
7c. SARRP irradiation 

VII. BiOHAZARDS/SAFETV 
All the personnel will be trained as radiation users on a regular basis. All investigators 
and techn icians \vhile in the vivarium will use appropriate procedures as described by 
VSD1 include the wearing of mask and gloves during observation of mice. No additional 
biohazards will be used for these experiments. 

VIII. ENCLOSURES 
I. l(b)(4) I 
II. Score sheet from Polley 1 o 
1111. !References 

References: 
(b )( 4) 
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X. A:SSURANCE.S 

Protocol Title:l(b)(4) !Protection from Radiation-lnduced ... l(b...,)(.._4.._) ___ .... 
~lcb~),~4~) --.lnjurie~ in a Murine Model (Mus musculus) 

As the Principal investigator on this protocol. I acknowledge my responsibllltles an<'.l provide 
assurances for ihe following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
In the manner described herein. unless a modification ls specifically approved by the IACLJC pr(or to llS 
implementatlon. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an l!Jnnecessary 
duplication of previous experiments. 

C. Statlstl:cal .Assuranc:;e; I assure that I have consulted with a qualified Individual who eva1u1ated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed klr scientific validity will be used. 

D. Biohazard I Safety; l have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure lha1 no unnecessary pain or dis1ress will be caused to the animals as a result of' the procedures I 
manipulations. 

f , Re,sponsibility; I acknowledge the inherent moral. ethical and administrative obligations 
associated with the performance of this animal use protocol. and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
researnh animals. Additionally. I pledge to conduct this study in the spirit of the fourth "A", namely, 
"Responsibility," which ihe DOD has embraced for lmplementlng animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Sc'ientmc Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s): I AM I AM NOT conducting biomedical experiments, which may 
potentiaily cause more than momantary or slight pain or distress to animals. Ii appiicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to suoh procedures; however. I have determined that alterrnative 
procedures are not available to accomplish the objectives of this proposed e)(periment. 

l(b)(6) 6/9/2015 
Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(August 2015) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and 000 instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. 
Either template may be used to format DOD-sponsored animal research proposals; however, reference to 
the instructions during protocol preparation is highly recommended. If using the template with 
instructions, the instructions should be deleted prior to submitting the finished protocol tor IACUC review. 
Please use Arial. regular, size 12, black font to prepare the protocol. With the exception of section 
headings. all paragraphs require a response. Paragraphs that do not apply should be marked NIA. There 
is no space limitation tor responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRl Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations no1 covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate 
experimental records and be able to provide an audit trail of animal expenditures and use that correlates 
with their approved protocol. Protocol Pis will be required to provide this and other information during 
annual protocol reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, 
provided that the numbering sequence of paragraphs in the original standard format is maintained. In 
other words, all of the labeled paragraphs and subparagraphs in this template must be retained, with 
additional information being presented as sub-numbered paragraphs containing information that supports 
or complements what is requested. 

INTELLECTUAL PROPERTY' STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., concepts, 
ideas, experimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and 
non-Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that 
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 

*** DELETE THIS PAGE PRIOR TO PR'OTOCOL SUBMISSION*** 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL NUMBER:f DXOI I 

Slbmlsslon Date: 9/3!2015 'lf>d Resubmission Date: 

ApproveQ'Returned for Revision: 912212015 Approved!Approval Withheld by IACUC: 

1" Resubmission Date: 91291201' EXPIRATION DATE; 

Approved/Returned for Revision: 101912015 Previous Protocol Number (ii related) 
SECOND TIER RE\llEW 

{if required) 

Submission Date: Appro11ed/Rotumod for Revision: 

Approved/R~lurned for Revisiofl: 2"" Resubmission Date: 

1'' Resubmission Date: Approved/ Approval Withheld: 

NOTES to Pl : 
• To DISPLAY this Word document's red-text instructions, PMew View Dmtopei 

isingle-click W ord's Show/Hide button (shown, right), 
located ln Word's top-of-page panel (click Word's 
"Home· tab if Show/Hide isn'l displayed) . 

• To HIDE the red-text instructions, single-click the 
Show/Hide button again. 

10i9f2015 

1011312015 

1Dl1212016 

• For each section and subsection, enter your tex1 into the underlined data field ( } only. Do not 
make entries into the red-text instruction text. Single-click your mouse cursor In the data field. then 
begin typing. 

I. NAME OF FACILITY; Armed forces Radiobiology Research Institute 

II. PROTOCOL NUMBE'.R:._libx_5
> ____ __, 

Ill. PROTOCOL TITLE: 
Minimally ~ nvasive Radiation Siodosimetry and Evaluation of Organ Responses in 
laboratory mice, Mus muscufus 

IV. PRINCIPAL INVESTIGATOR: 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scienlilic review 
and is consislenl with good scientific research practice. 

Date 
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-Or-

Date 

VI. STATISTllCAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal and 
ensures thai ihe number of animals used Is appropriate to obtain sufficient data and/or is noti excessive. 
and th~ statlstk:al design is appropriate for the intent of the study 

~l(0_l<5_l __________ ~IPhD Date 
Statistician . ......, ___ _ 
T elephonel<OJ{6) I Fax:l(b)(6J 

1(6)<61 I 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations. the 
Attem-:ling Veterinarian was consulted in the planning of procedures arid manipulations that may cause 
more ~han slight or momentary pain or distress, even if relieved by anesthetics or analgesics .. 

........ --......---=-~I DVM, DACLAM, LTC, VC, USA 
Sciences O&P-aHment- AFRRl 

Date 

Fax 

VIII. SAFtETY OFFICER; fhis animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 

IX. IAC_U__:__C__AE_~OllL: This protocol was reviewed and approved by the Institute Animal Care 
and Use Committee on ____ _ 

(Date) 
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PROT10 COL TITLE: 
Minimally 11nvasive Radiation Biodosimetry and Evaluation of Organ Responses in 
laboratory mice, Mus musculus 

~~ ....... ~u;;;TOR(S): 
.....__..,.....~~_,.... PhD 

m'ft'~-""""A.-..F""'iRRl - SRO) 

AFRRI SCIENffflC RESEARCH PROTOCOL NUMBER: 
CDMRP grant has been approved. Sponsor needs the approved animal protocol before 
funding approval. USU account number is pending. 

I. NON-TECHNICAL SYNOPSIS 

II. BACKGROUND 

11.1. Background 
Acute Radiation Syndromes (AAS) and Delayed Effects of Acute Radiation 
Exposure (DEARE) 
Exposure to ionizing radiation from nuclear events or radiological accidents often leads 
to major harmful consequences to human health. Therefore, a critical need exists in the 
area o'f radiation countermeasures to diagnose and treat victims of radiation exposUJre. 
lo this end, lack of reliable biomarkers that provide organ specific readout of biological 
response to radiation poses a major problem in identifying individuals who- might be at 
risk for developing Acute Radiation Syndromes (ARS) and Delayed Effects of Acute 
Radiation Exposure (DEARE) following a radiological event. Depending on the dose, 
the symptoms of ARS can appear within hours to weeks. It is a challenge to triage 
individuals who are minimally exposed compared to those who received high radiation 
dose and need immediate treatment [1-4]. As such, AAS follows a deterministic effect 
whereby dose effects have distinct clinical outcomes: generally <2 Gy exhibit mild 
symptoms, hematologic effects (HE) are prominent at doses between 2 and 6 Gy, and 
gastrointestinal (GI) effects ate prominent at doses >5 Gy and progress more rapidly at 
higher doses of > 1 O Gy where neurovascular collapse and death occur promptly [5J. 
Rapid diagnosis is essential as demonstrated by the dramatic increase in survival rates 
if treatments are administered early (6). Currently, three criteria are mainly used to 
determine radiation exposure levels: clinical observation, lymphocyte depletion kinetics, 
and the dicentric chromosome (DC} assay [7, 8]. Patient to patient variability greatly 
decreases the accuracy of clinical diagnosis, lymphocyte depletion kinetics requires 3 
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days of analysis for a crude dosimetry reading. Moreover, the DC assay is highly 
technical and labor intensive. 
A major issue that impacts the decision making in triage after radiation accidents is the 
heterogeneity due to variations in exposures [1, 3, 8 , 9). Depending on the geography of 
exposure, one or more organs may be affected at varying degrees. Damage to the GI 
system should be evident within days, which, however, requires a relatively higher dose 
than that needed to affect the HE system. The lung is a relatively sensitive organ ; but 
the effects will not be apparent for weeks or even months (10, 11 ). So far, there are no 
biomarkers that can accurately identify the levels of damage to the individual organs 
and the overlapping effects and multi-organ dysfunction. Current biodosimeters 
(lymphocyte depletion kinetics/dicentric chromosome assays) read only the response in 
the hematopoietic system. Because of the differences in the kinetics and latency period, 
it is difficult to detect and/or distinguish the effects on non-HE systems. In addition, the 
threshold and latency period could differ due to differences in immune status, inherent 
differences in the radiation sensitivity of the individual and other underlying conditions. 
Unfortunately, available diagnostics do not adequately meet these requirements, 
particularly in the case of partial body exposure scenario. This study addresses this 
critical gap of knowledge in the field through discovery and development of biomarkers 
that could be easily measured providing the readout of distinct organ specific and 
physiological response to radiation. 

Circulating microRNAs (miRNAs) as radiation bjodosimeters, biomarkers of 
organ injury/damage and early predictors of delayed effects: 
miRNAs are small RNA molecules of 18-24 nucleot ide length, originally identified as 
regulators of gene expression [12}. They are abundant in body fluids such as plasma, 
urine, tears, and breast milk. They are protected in exosomes, stable at room 
temperature for days, and ensure stability for long-term preservation and multiple 
freeze-thaw cycles [13). Levels of specific miRNAs in blood can change after radiation, 
as do the expression levels of mRNAs [14, 15]. miRNAs can be released as exosomes 
and apoptotic bodies and/or by active secretary pathways. It has been shown that 
processing of the precursors of miRNAs can directly or indirectly be regulated by 
cytokines like TNFa and TGF~1 [16-18] that are altered after radiation. Moreover. 
reduction in particular radiosensitive cell population (e.g. lymphocytes) will result in 
reduced circulating cell-free exosomes derived from those cells. There are specific 
signatures with regard to miRNA expression in different cells and their changes in 
circulating system can provide readout of organ-specific responses [19, 20]. Particularly, 
the HE system and lung constantly release exosomes associated with their respective 
signatures. We propose to exploit this unique tissue specific signature that can be read 
in exosomes released to the circulating system for evaluating the tissue responses. This 
can provide readout of changes in organs such as lung for which no biomarkers are 
currently available. 

Surviva l from radiation lethality by gamma-tocotrienol (GT3) 
We reported that gamma-tocotrienol, a naturally occurring vitamin E analog, protects 
mice from radiation-induced pancytopenia, restores bone marrow progenitor ce11~<bl<4> ] 

reduces intestinal and vascular oxidative stress, and protects 100% mice exposed to 
lethal dose of whole body y-radiation~bX4> I CD2F1 mice treated with GT3 showed 
increased numbers of spleen colonies compared to vehicle treated animals at 12 days 
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after 8.5 Gy of y-radiat ion~GT3 reduces radiation-induced vascular oxidative stress 
in mice through an HMG-CoA reductase dependent manner post-radiation treatment 
~GT3 has also been shown to improve the post -irradiation recovery of plasma 
markers of endothelial function, an effect that is not dependent on HMG-CoA reductase 
inhibition [24]. 

The proposed studies will allow us to develop a panel of circulating miRNAs for 
evaluation of organ responses/ damages following partial body exposure and test the 
effect of GT3 on tissue-specific miRNA. miRNA biomarkers have several advantages 
over protein and metabolite biomarkers. 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 

To find any possibility for duplication, the following databases have been searched: 
PubMed 
Reporter (CRISP) - Computer Retrieval of Information on Scientific Projects, now known 
as 'Reporter' 
11.2.2. Date of Search PubMed - 08/12/2015 
Reporter (CRISP) - 08/13/2015 

11.2.3. Period of Search 
PubMed - 1960-2015 
Reporter (CRISP) - 1972-2015 

11.2.4. Key Words of Search 
1. Micro RNA AND Radiation 
2. Gamma-tocotrienol AND micro RNA 
3. Gamma-tocotrienol AND Radiation 
4. Lung and Radiation 
5. Gastrointestinal system and Radiation 
11.2.5. Results of Search 
Table 1 includes a summary of the keywords and keyword combinations used for 
searching the RePORTer and PubMed databases. 

Keywords PubMed RePORTer 
Micro RNA ANO radiation 852 154 

Gamma-tocotrienol AND micro RNA 1 1 

Gamma-tocotrienol AND Radiation 32 399 

Lung and Radiation 30557 293 
Gastrointestinal system and Radiation 25659 297 

The searches indicated that there have been no previous or current studies have been 
done on developing a panel of microRNA biomarkers and to study the effect of GT3 in 
response to lung and gut injury. Therefore, the proposed study to develop a panel of 
circulating miRNAs for evaluation of organ responses/damages following partial body 
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ex,posure is not a duplication of a previous experiment. While there were sorne hits, the 
studies were not relevant to study the effect of GT3 following radiation. 

Ill. OBJECTIVE I HYPOTHESIS 
f he objective of the project is to understand the acute; delayed and late effect of 
ionizing radiation and test the effects of radioprotectors and mitigators. 

One of the mfijor challenges in radiation countermeasure development is lack of 
biomarkers that provide minimally invasive and rapid readout of the recovery of the 
acwt,e and delayed effects. As a proof-oHhe-concept, we plan to compare the changes 
In multi=marker panel in mice treated with the tested agent, GT3, a novel prophylactics 
radiation coun~ermeasure effective for HE-ARS and possibly for GI-AAS and lung 
DEARE. The vitamin E analogue, GT3 has been shown to exhibit significant radio
protective activiUes on hematopoietic stem cells and progenitors in multiple animal 
models [25J. = I lb (4 I We will 
investigate the tissue versus plasma miRNA responses in evaluating the effect of 
gamma-tocotrienol (GT3), a novel radiation countermeasure in the mouse model. 

IV. MlllfARY RELEVANCE 
Military operations are seriously impaired by radiation exposures depending on the dose 
and dose rate. Currently, there is no FDA approved preventive measure available for 
military personnel to protect them from the hazards of radiation exposure. The problem 
is more acute in recent times due to the unpredictable nature of terrorist at1acks. 
Recognizing this urgent need, United States Department of Defense has assigned top 
priority in "Defense Technology Objectives (DTO)" to the ''development of medical 
countermeasures to radiation exposure" against bo1h early effects and late arisifllg 
heal~h effects. These concerns address the urgent need to develop an appropriate 
radiation protective agent (prophylactic or therapeutic) to sustain immediate warfighter 
capaoilities and to enable the commanders to make judicious decisions in troop 
deployment Currently, there are several drugs at various stages of development. This 
study willl focus on comparing the changes in multi-marker panel in mice treated! with the 
tested agent, GT3, a novel prophylactics radiation countermeasure effective for HE= 
ARS and possibly for GI-AAS and lung DEARE. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

V .1.1. Experiment 1 
(0)(4) 

Experimental Design: We will use C3H mice exposed to two sub-lethal doses of 
gamma-rays (4 and 7 Gy) (TBI from Cobalt-60), which will ensure that the mice will be 
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available tor studies throughout the period of study, and the biomarkers will have dose 
response (LD 50/30 is 7.6 Gy) [27). We will use 12-14 weeks old male C3H mice. We 
will collect plasma and tissues s . leen, bone marrow sternum and intestine · at tthe 
indicated time . oints and J 

<oJ(4J Tissues and blood 
will be cornected at acute (day 1) and delayed (day 14 and 30) post-radiation. A part of 
the tissue spleen, bone marrow sternum and ieiunum will be fixed in formalin for 
h istopatholoQical analysis,l<bl(4J 

b)(4/ 

v. 1.2, Exner iment 2 
(0)(4) 

•01l41 IA next generation microirradiator, SARRP (small 
animal radiation research platform) X-ray with real t ime CT imaging [28, 29] will be used 
for organ targeted Irradiation. Lung and blood will be collected at acute (day 1) and 
delayed (days 14, 30, and 90) post-radiation from animals exposed for lung radiation ; 
and jeJunum and blood will be collected at 3.5 and 14 days from animals exposed for 
gut radiation. A part of the tissue will be fixed in formalin for histopathological analysi1s: 

l(b)(4) I 
Experimental Design; Cumulative evidence from a number of laboratories shows that 
a threshold dose of radiation (10-20 Gy) induces significant lung injury [30. 31). 
Depending on the mice strains, radiation induced delayed and late effects on lung 
alveolitis, neumonitis and subse uent fibrosis occur between 3 to i 2 weeks 30 31 . 

{ ) 

General Methods: A single dose of 200 mg/kg GT3 ( or 
vehicle (80% Miglyol 812, 9% Span 801 1% Solutol HS-15s 10°/o Phosphate Bufftered 
Saline, pH 7.4) or saline will be injected subcutaneously in a volume of 0.1 ml per 
mouse at the nape of the neck [22) 24 hours before irradiation. Organ/tissue specific 
partial body exposure to lung, and intestine in mice will be done with SARRP radiation 
facility at AFRRI to accurately deliver low LET radiation very specificalliy to tissu:e as 
esiablished at the Johns Hopkins Univers ity. It will provide orthovoltage X-ray irradiation 
oi mice with beams that can be as narrow as 0.5 mm in diameter [29]. Real·time CT 
imaging o~ anima~s positioned on the exposure table immediately before the radiation 
will provide re liable pinpoint targeting of organs of interest Whole blood will be collected 
under anesthesia and plasma will be prepared; aliquoted and stored in ·80G. A part of 
the tissues {lung and jejunum) will be collected and transferred to 10% formalin for 
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and residual tissues will be flash frozen in 

His'tologfical and Biochemical Assays~ Tissue (jejunum and lung) histopathology (e.g. 
H & E) wrn be evaluated by a veterinary pathologist at AFRRI. Sinoe several of the 

llb)(4) lare linked to immune responses. the effects of the 
agent in reducing Jung toxicity will be evaluated by comparing changes in pro- versus· 
anti~inflammatory cytokines in plasma samples (Millipore mouse 32~plex kit, lurninex 
beacHiased assay). 

_Mi_ce Needed for Experirn.ent 1 LCo-60 whol_e bod¥ radiation); 

Radiation doses: 4 and 7 Gy 
Gr·oups = 3 (saline, veh icle, GT3) 
No. of time points= 3 (Day 1, 14, and 30) 
No. of a.nimals per groUJ'.) = 6 
Na"f've control = 10 
No. of repeat= 2 

Total no. of mice: (2 x 3x3x6+1O)x2=236 

Mi.cEtNeededJ9r E><Qerim~nt 2 {SARRP partial body body radiation}: 

Radiation doses: 12 and 16 Gy 
Parts of the body: Lung and gut 
Gr·oups = 3 (saline, vehicle, GT3) 
No. of time points for lung = 4 (Days 1, 14, 30, and 90) 
No. of time points for gut== 2 (Days 3.5 and 14} 
No. of animals per group = 6 
No. of repeat = 2 

Total no. of mice for lung: (2 x 3 x 4 x 6) x 2 = 288 

Total no. of mice for gut: (2 x 3 x 2 x 6) x 2 : 144 

Nai've control will be shared between experiment 1 and 2. 

Total number of mice requesting for this protocol = 236+288+ 14!4 = 66S' 
Adding a 10% increase to the total number of mice requested to account for 
unexpected losses= 70 

Grand total= 668+70 = 738 

v .2, Data Analysis 
All analysis will be done lby our collaborator (Ohio State University). Six animals pe.r 
group (N=6) will be used for both experiments 1 and 2. Six animals per group would 
have 80% power to detect a significant difference between two groups if any, given type 
I error of 5% and delta/sigma of the differences between two group at least 2.4, where 
sigma is the common standard deviation, and del1a is the mean difference [34]. 
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(b)(4) 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 
In vitro studies using cell culture models have established the radioprotective and 
radiomitigating effect of certain anti-oxidants. However, animals study is required for 
understanding the systemic and tissue specific effects of radiation and counter effects of 
these agents. These studies will potentially lead to development of novel non-invasive 
assays to evaluate risk of ionizing radiation, therapeutic response as well as prevention 
of cancers and fibrosis in human beings. These can be achieved only by prior studies in 
live animals. 

V.3.2. Animal Model and Species Justification 
As discussed in the previous section, animals must be used to study the mechanism of 
action of a radioprotectant in vivo. Mouse model will be used as a proof-of-concept 
because approximately 99% of human DNA is similar to that of mice, and mouse 
models are well characterized to study the mechanism of action of a radioprotectant [22, 

.. ·D Zebrafish and Drosophila are not considered tor this study because their physiology 
is largely different from mammalian systems. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species 

V.3.3.2. Strain I Stock 
C3H 
V.3.3.3. Source I Vendor 

Mus muscufus 

Harlan Labs, Indianapolis, Indiana or similar approved vendors 

V.3.3.4. Age 
7 - 10 wks (age at acquisition). 12-14 weeks will be used in experiment. 
V.3.3.5. Weight 
22-30 g 

V.3.3.6. Sex 
Male 
Justification of using only male mice: Previous studies have been conducted with 
male mice, so male mice are needed for data comparison. Although, it is important to 
confirm observations in females, such studies may be carried out at a later date. 

V.3.3.7. Special Considerations 
Commercia lly procured animals must be adventitious, disease free, and pathogen
free-including Pseudomonas aeruginosa, and Pasteurella. All mice need to be free of 
the following agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus-3 (Rea 3), 
Mouse Adenovi rus (MAD-1, MAD-2), Mouse Cytomegalovirus Virus (MCMV}, 
Ectromelia, K virus, Lymphocytic Choriomeningitis V irus (LCM), Epidemic Diarrhea of 
Infant Mice (EDIM), Hantan virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, 
Mouse Minute Virus (MMV), Mouse Thymic Virus (MTV), Theiler's Mouse 
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Encephalomyelitis Virus (TMEV/GDVll), Encephafitozoon cuniculi, CAR bacillus, 
Mycoplasma pufmonis, and C/ostridium pififorme. They must also be endoparas~te and 
ectoparasite-free. 

V.3.4. Number of Animals Required (by species) 
C3H mice, 738 
V.3.5. Refinement~ Reduction, Replacement (3 R's) 
V.3.5. 1. Refinement 
Animals will be iriradia.ted at sublethal doses of 4 and 7 Gy for whole body CoQ60 
radiation. For SARRP exposure, animals will be irradiated at 12 and 16 Gy. We do not 
expect to see morbidity in the course of the study. However', if we observe· mortlid 
animals, we will increase monitoring and euthanize animals following policy 10 (score 
sheet attached, appendix 1) at early time points. Pl will take necessary steps for all 
pers·annel in the pmject to be rigorously trained in handling techniques (in]ections. and 
routine cage-side obs·ervations) to minimize distress and pain to the animals. 
Specifically; during capture and restraint of the rodents, care will be taken to ensure that 
handling does not contribute to distress. 

V,3,5.2. Reduction 
Previously pub!lished and unpublished data have established which radiation dose and 
time points are important to get the information for mi RNA after radiation injury. This 
information has enabled us to reduce the number of animals needed for this study. We 
are also reducing the animal numbers (n = 6) by sharing tissues for determining 
different parameters from the same experiment. Based on our previous experiments, we 
wlll use the minimum required number of animals for statistical validity. This will reduce 
the number of animals used in this protocol. 

V.3.5.3. Replacement 
NIA 

V.4. Te.chnical Methods 

V.4.1. Pain I Distress Assessment 

V.4.1.1. AIPHIS Fo:rtn 7023 Information 

V.4.1.1.1. Numbet of Animals 

V.4.1.1.1.1 . Column C 

V.4.1.1.1.2. Column D 

V.4.1. 1 .1.3. Column E 

__ (#of animals} 

_20_ (#of animals) 

_718_ (#of animals) 

V.4.1.1.1.4. Pain Category Assignments 
f able 2. 
EXD.# ExDerimental/Control Grouc 
1. Naive 4 Gv veh 4 Gy GT3 7 Gy veh , 7 Gy GT3 
2. 12 Gv veh, 12 Gv GT3, 16 Gv veh, 16 Gv GT3 
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Exp.# Experimental/Control Group c D E Totals 
10°/o animals added due to unexoected loss 70 70 

Totals: 20 718 738 

V.4.1.2. Pain Relief I Prevention 

V .4.1 .2.1 . Anesthesia I Analgesia I Tranqu i lization 
f he protocol will not use anesthetics or analgesics during whole body Co-60 radiation 
(Experiment 1) since they will adversely affect the outcome of the experiments. The 
proposed study is to determine the effects of irradiation and countermeasures oni the 
function of the Immune and blood forming systems. Use of any analgesics and 
anesthetics would interfere with the function of the immune system and therefore: 
compromise the interpretation of the results [36]. Topical antibiotics will be applied if 
wounding occurs via in-cage fighting, under the guidance of the clinical veterinar~an in 
accordance with standard treatment measures. 

For partial body SARRP exposure (Experiment 2), inhaled isoflurane anesthesta will be 
used. Anesthesia will be induced in an induction chamber using 3~5% lsoflurane in 
100%1 oxygen (flow rate 1000 cc/min initially and then reduced to 500 cc/min }. The tail 
and hind paw will be pinched for reflexive movement. indicative of insufficient 
anesthesia. If anesthesia is insufficient, animal will be returned to the induction 
chamber. Once the mice are deeply anesthetized as indicated by slow and deep 
respiration, they will be transferred to a mouse platform. On the platform, the isoflurane 
(1 ~3%) will be delivered by a nose cone. The top incisors of the mouse will be 
posi1ioned in a small hole of the nose cone for the proper delivery of the anesthesia. 
During the SARRP exposure, the mice will ce continuously monitored via a camera. It 
the mice seem to be getting lighter or deeper as indicated by the breathing or 
movement, the exposure will be stopped to adjust the anesthesia rate. 
A heating pad will be provided to keep mice warm during the period of recovery from 
anesthesia. The temperature in room where the mice will be irradiated will be 
measured, and if the temperature gets below 68-70 F, an alternate heating device (such 
as Bair hugger to blow warm air into the room) will be used to increase the temperature. 

Anesthesia of rnice will be carried out for blood collection using standard 
lsoflurane apparatus. All personnel will be extensively trained for efficient administration 
of the agents as well as to minimize handling stress. Animals will be placed in the 
lsoflurane chamber and delivered a metered amount of 3-5% lsoflurane mixed with 
100% oxygen until all voluntary motor movement ceases and the animal is recumbent 
for 1 o seconds. The tail and hind paw will be pinched tor reflexive movement, indicative 
of insufficient anesthesia. If anesthesia is insufficient, animal will be returned to the 
induction chamber. Anima11s respiration rate will be closely monitored through the 
Plexigllas chamber during induction of anesthesia. When animals a.re recumbent, they 
will be removed from the chamber and their nose/mouth placed in the anesthesiia 
apparatus breathing/gas administration cone for maintenance of anesthesia at 1-3% 
lsoflurane and 100'%:i 02. 

V.4.1.2.2, Pre- and Post-procedural Provisions 
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Mice will be housed under standard conditions both before and after radiation 
procedures in accordance with current VSD rodent husbandry Standard Operating 
Procedures (see section V.5). 

V.4.1.2.3. Paralytics 
No paralytic agents will be administered 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V .4.1.3.1. Sources Searched 

Altweb 
AGRICOLA 
PubMed 

V.4.1.3.2. Date of Search 
Altweb - 08/15/2015 
AGRICOLA- 08/15/2015 
Pubmed - 08/16/2015 

V.4.1.3.3. Period of Search 
1970-2015 

V.4.1.3.4. Key Words of Search 
Pain, analgesia, anesthesia, radiation, radioprotection, mouse, humane, alternative, 
gamma-tocotrienol, SAR RP, Cobalt-60 

V .4.1.3.5. Results of Search 
Table 3 includes a summary of the keyword combinations used for searching and the 
results of the search. While the literature indicates that cell models have been used to 
study radiation damage, such models cannot alone predict mechanism of 
radioprotection of a specific drug. Although radiation-induced pain was alleviated during 
some studies [37-39), such pain relief was the aim of the studies in question, which 
focused on patients receiving radiotherapy for cancer treatment. We do not have the 
option of using alternatives such as a cell culture model. 

Table 3. Summary of Database Keyword Searches 
Keywords Hits 

AGRICOLA Altweb PubMed 

Analgesia AND Radiation 4 6 553 
Pain AND Radiation 37 12 11330 

Pain AND SARRP 0 0 0 

Pain AND Cobalt-60 0 0 20 

Pain AND Analgesia AND Radiation 4 6 368 
Gamma-tocotrienol AND pain 0 0 0 

Radioprotection AND pain 0 0 154 
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Radlatf on ANO humane 1 38 
Pain AND analgesia AND mice 49 26 

Radiation AND mouse AND pain 0 9 

Radiation AND mouse AND pain AND alternative 0 9 

V.4.1 .4. UnaUeviated Painful or Distressful Procedure Justification 
SinceLtb:e_ ut _osJ:LoLtbJlSJ:Lstudie_sJs_to_detexmJoe_tbe lblC4> 

12 
190'4 
239 

6 

t>)(4J (sp een1 bone marrow sternum, Jejunum an lung , we wi I be unable to LJse 
analgesics and anesthetics because they may interfere with the innate immune system 
(40]. If we see any morbidity or moribundity, frequency of examinations including fate
night checks will be increased and animals will be scored and euthanized following1 
policy 1 o (score sheet attached, appendix 1 ). 

V.4.2. Prolonged Restraint 
The experimental animals (Experiment 1) will receive radiation at a. dose rate. 0.6 Gy 
per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be irradiated in 
Lucite boxes (8 animals/box) and arranged in an array (dosimetry 07/09/2014; or the 
latest dosimetry map) using plastic racks. Mice will be inserted into the standard 
radiation boxes just prior to irradiation (-15 min of exposure time) and taken to the 
cobalt facility for irradiation. Animals will be restrained for no more than 60 min and 
returned to cages at the end of the irradiation period. 
For partial body SARRP exposure (Experiment 2), mice will not be restrained since 
inhaled isoflurane anesthesia will be used during exposure. 

V.4.3. Surgery 
N/A 
V.4.:3.1. Pre-surgtcal Provisions 
NIA 

V.4.3.2. Procedure(&) 
NIA 

V.4.3.3. Post-surgical Provisions 
NIA 

V.4.3.4. Location 
NIA 

V.4.3.5. Surgeon 
N/A 

V.4.3.6. Multiple Major Survival Operative Procedures 
NIA 

V.4.3.6. 1. Procedures 
NIA 
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V.4.3.6.2 Scientific Justification 
Nf A 

V.4.4. Animal Manipulations 
Irradiation: 
Experiment 1 . These will follow the standard AFRR I protocol with mice placed in 
restrainers shortly prior to exposure, irradiation at the cobalt facility and return to VSD 
for further monitoring. Briefly, the experimental animals will receive radiation at a dose 
rate of 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Animals will be 
irradiated in Lucite boxes (B animals/box) and arranged in an array (dosimetry 
07/09/2014) using plastic racks. Animals will be restrained for no more than 60 min and 
returned to cages at the end of the irradiation period. They will be monitored daily 
following policy#10. There is no critical period for the animals in this protocol since all 
animals irradiated at 4 and 7 Gy (sublethal doses} are expected to survive based on our 
published manuscript on peripheral blood recovery post-irradiation at 7 Gy~issue 
from mice will be harvested at specific time-points after irradiation after terminal blood 
draw. Bilateral irradiation will be delivered in the cobalt-60 facili ty of AFRRI at a dose 
rate of 0.6 Gy/minute usin established protocol. Dose rate will be determined with the 
alanine/EPR system (b)(

4l directly traceable to national standards of the US (NIST) 
and UK (NPL}. 

Experiment 2. A next-generation microirradiator for small animals, SAR RP (Johns 
Hopkins Univ. and Gulmay, Inc.} will be used tor partial body radiation in gut and thorax. 
It will provide orthovoltage x-ray irradiation of mice with beams that can be as narrow as 
0.5 mm in diameter. Real-time CT imaging of animals positioned on the exposure table 
immediately before the irradiation will provide rel iable p inpoint targeting of organs of 
interest. The SARRP uses a dual-focal spot, constant voltage X-ray source mounted on 
a gantry with a source-to-isocenter distance of 35 cm. X-rays of 80-1 oo kVp from the 
smaller 0.4-mm focal spot are used for imaging. Both 0.4-mm and 3.0-mm focal spots 
operate at 225 kVp for irradiation. Robotic translate/rotate stages are used to position 
the animal. Cone-beam computed tomography is achieved by rotating the horizontal 
animal between the stationary X-ray source and a flat-panel detector.The radiation 
beams range from 0.5 mm in diameter to 60 x 60 mm2. 

Blood collection: Mice will be anesthetized as described under section V.4. 1.2.1 
(anesthesia). Blood will be collected from anesthetized mice while they are alive from 
the interior vena cava (IVG). The animals will be deeply anesthetized in the rodent 
anesthesia machine induction chamber; the tail and hind paw will be pinched for 
reflexive movement, indicative of insufficient anesthesia. If anesthesia is insufficient, 
animal will be returned to the induction chamber. If there is no response, the animal will 
be moved to the station with individual nose cone for continued anesthesia. An 
abdominal incision will be made on the right side of the animal, c losest to the IVC, the 
vein exposed and blood drawn with a 23 - 25 G needle. Animals will have cervical 
dislocation performed immediately upon completion of blood draw to confirm 
euthanasia. All tissues such as bone marrow sternum, spleen and other tissues (lung 
and jejunum) will then be harvested from the animals after euthanasia. 
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v .4.4.1. Injections 
Subcutaneous (SC) injections will be given with a 23 - 25 G sterile needle to the nape 
of the neck. Animals will be injected once 24 h before radiation. There will be 4 animals 
per cage. One needle willl be used to puncture the vial once to draw the drug for 4 
animals pt:!r cage and it will be injected to 4 animals. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

V .4.4.1.2. Non-Pharmaceutical Grade Drugs 
Research grade GT3 formulations will be supplied by fb)(4) I All 
torrnulations will be tested for endotoxin by Charles River Laboratory before using in the 
animals. pH and osmolality will be tested at AFRRI. We are not expecting any toxic 
effects in animals for any of the formulations since we have tested the toxicity of the 
drug at 4'00 mg/kg dose (2 times higher than the proposed dose in this protocol) 
previously at AFRRI. 

V .4.4.2. Biosamples 
Animals will be euthanized from each experimental group on days 1, 3.5, 14, 30. and 90 
as specified in section V.1 and blood will be collected from anesthetized mice while th:ey 
are aliv1e from the inferior vena cava (using a 23- 25 G steri le needle) in EDTA tubes 
for 1plasma separation, Plasma will be separated and stored at -BOC. Bone marrow will 
be harvested following a standard protocol. Spleen and other tissues (lung and jejunum) 
will be collected from the carcasses and snap frozen for storage at -BOC. 

V.4.4.3. Adjuvants 

V.4.4.4. Monoclonal Antibody (MAb) Production 

V .4.4.5. Animal Identification 
Generally; cage cards will be nsed to distinguish drug-treated and control groups. 
Animals will be randomly distributed in groups. Some experiments might necessitate ear 
punch or notch or tattoos by personnel to identify indivfdual animals in a cage. Tattoo 
will be done by VSD personnel using labstamp. 

V .4.4.6. Behavioral Studies 
N/A 
V.4.4.7. Other Procedures 
N/A 
V .4.4.8. Tissue Sharing 
We will be sharin tissues lasma and all tissues collected in the protocol) with Dr. 

( )(6) 

v .4.4.9, Animal By-Products 
N/A 
V.4.5. Study endpoint 
1. The endpoint f1or experiment 1 using whole body Co·60 radiation will be day 1, 14, 
and ,30 after radiation. 
2. The end point for experiment 2 using SARRP partial body radiation in thorax will be 
day 1, 14, 30, and 90 after irradiation. 
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3. The end point for experiment 2 using SARRP partial body radiation in gut will be day 
3.5 and 14 after irradiation. 

In experiments 1 and 2, at specific time points, experimental mice will be euthanized 
before tissue collection. Different tissues will be used for different experiments. If we 
see any morbidity or moribundity, frequency of examinations including late-night checks 
will be increased and animals will be scored and euthanized following policy 1 O (score 
sheet attached, appendix 1 ). Animals will be weighed the day prior to injection, animals 
outside ±10% of the mean weight excluded, and randomized into groups of four animals 
per box. Morbid animals will be weighed, if the weight loss is 35% or more, animals will 
be euthanized immediately according to policy 10 (Appendix 1 ). 

V.4.6. Euthanasia 
All moribund animals (see section V.4.5) (if any) will be euthanized by overdose of C02 
inhalation as described in VSD SOP VS0211, by trained investigators or technicians in 
accordance with current AVMA Guidelines on Euthanasia. We will follow the same 
method in weekends and after hours. Compressed C02 gas in a cylinder with a 
regulator will be used for euthanasia in a euthanasia chamber. Blood will be collected 
from anesthetized mice while they are alive from the inferior vena cava (IVC). The 
animals will be deeply anesthetized in the rodent anesthesia machine induction 
chamber; the tail and hind paw will be pinched for reflexive movement, indicative of 
insufficient anesthesia. If anesthesia is insufficient, animal will be returned to the 
induction chamber. If there is no response, the animal will be moved to the station with 
individual nose cone for continued anesthesia. An abdominal incision will be made on 
the right side of the animal, closest to the IVC, the vein exposed and blood drawn with a 
23 - 25 G needle. Animals will have cervical dislocation performed immediately upon 
completion of blood draw to confirm euthanasia. All tissues such as bone marrow 
sternum, spleen and other tissues (lung and jejunum) will then be harvested from the 
animals after euthanasia. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
The AFRRI vivarium follows stringent protocols for the housing and care of all animals. 
The Pl and designated team members will adhere to all the policy and guidelines set 
forth by standard operating protocols of the VSD. The specific requirements for mice 
housing should meet the following criteria of opportunity for social interaction, 
opportunity to carry out normal behavior and the opportunity to rest and withdraw from 
each other [41]. Mice are social animals and hence will be caged together in groups of 4 
or 8. Nestling pads will be provided in each cage during bedding changes. In cage 
shelters will also be provided as an enrichment strategy at the discretion of the Pl 
depending on experimental conditions. Animals will receive Harlan Teklad Rodent Diet 
(w) 8604 and water ad libitum. Acidified water (pH 2.5 - 3.0) is routlnely provided to 
AFRRI mice used in radiological experiments. Cages will be regularly changed and 
cleaned by VSD staff in accordance with Standard Operating Procedure. Animals will 
have 12 h lighVdark cycle. Animals will be habituated to their surroundings and routine 
procedures prior to experimentation. In the event of procedures that last into the night 
cycle, care will be taken to minimize exposure to llght. 
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V.5.1.1. Study Room 
As assigned iby VSD 

v .s.1 .2. Special Husbandry Provisions 
NIA 

V.5.1.3. Exceptions 
Mioe will lbe socially (group) hou-sed as described above. except there might be a time 
when few animals from the cage will be removed for blood and tissue collection. 
Animals may be singly housed if all the co~housed animals are euthanlzed because of 
moribund status. 

V.5.2. Veterinary Medical Care 

V.5.2, 1. Routine Veterinary Medical Care 
Experimental animals will be observed daily by either the investigator or technician or 
both. VSD personnel will monitor all animals during their routine rounds as per VSD 
SOf>s. 

V.5.2 .. 2. Emergeney Veterinary Medical Care 
we do not expect animals will tie moribund in this protocol. If moribund animals 
(gasping, recumbent, non; responsive to mild stimulus) are found, those will be 
euthanized by trained personnel. 

V.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
fhe enrichment strategy for mice will be according to VSD Standard Operating 
Procedure, which involves socially grouped housing and providing nestlets arnd hiding 
tubes in the cage. 

V.5,3.2. Enrichment R.estrictions 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

·- NAME I DEGREE I TRAINING I DATE PROCEDURES 
(b)(6) i , 3 4b, 5 

1. 3, 4b, 5 

1, 3, 4b, 5 
1, 3, 4b, 5 

Procedure and manipulation codes: 
Code 1= A11irnal ha11dfi119 and euthanasia 
Code 2= Surgery (a$eptic technique) pre- Md post·opeiative care 
Code 3= Injections (3a-ip, 3b·sc, 3e-gavage) - ean say 3 if trained in all man~pulations or add 3d-iv 
Code 4,.. ·S!ood collection under anesthesia (4a-cardiac, 4b-inferior vena cava) 
Code 5,. Tissue colleclion \alter euthanasia) · doesn't need to be specific 
Code 6 = implantatlofl (provide details) 

YRS/MOS 
..._EXPERIENCE 
(b)(6) 

Code 7 .. Oihers · •(provide protocol specific manipulations or procedures for e,g,, telro·orbital bleeding. tail vein injection, or dr.ull 
delivervl 
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VII. BIOHAZARDS/SAFETY 
All personnel working in the protocol have undergone necessary training in handling 
experimental animals. The amount of drug used will be small and standard safety 
precautions will be taken while handling them in the laboratory and in the vivarium. All 
personnel listed in the present protocol have been trained as general radiation users on 
a regular basis. All investigators and personnel will use appropriate protective gear 
while in the vivarium as described by the VSD. All listed personnel are current in safety 
training and medical surveillance. 
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X.ASSUAANCES 

Protocol Title: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals. Additionally, l pledge to conduct this study in the spirit of the fourth "R", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s}: I AM I AM NOT conducting biomedical experiments, which may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 

21 of 22 



Appendix 1. 
Clinical Observations with Criteria for Euthanasia (Rodent) 

Criteria: 
Appearance: 

Respiratory Rate: 

Description: Swrc 

Nmmal (smooth rnat dear eyes/nose) () 
Hunched and/or !luffed 1 
Ornlar dist.:harge, am.J/or edema 3 
Soft stools (fec::il matter ::iround anus} 5 
Pale, white mucus llH!lllbrancs/skin 6 
Bloody diaffhea 9 
Blue mucus membranes/skin (cyanosis)* 12 

Norma! breathing 0 
C'hangi.: in hrealhing (an incrcusc or <lccn:usc in rcspirntory rnlc from 110rmu! baseline) 3 
Abdominal breathing (gasping+/- open mouth breathing)* 12 

General Hd1avior: 
Normal (based on baseline observ~1tions) 0 
Stretching ol' hind limbs with abdominal motion (writhe} or grimace (App. Band Cl 1 
Decreased mobility 2 
Ataxia, wohhly. w..:ak 6 
lnahi!ity to stand* 12 

Provoked Behavior: 
Normal (moves when cuge is disturbed, runs l'rom hand (mice) or investigutes (rat)) 0 
Subdued: responds to stimulation (moves away briskly) 
Subdued even to stimulution (moves away »lowly) 3 
Unresponsive to gentle prodding 6 
Docs nnt right when placed gently on side within 5 second~* 12 

Weight lnss 
0-35% with no other clinic;il signs 
:'.'.3YYr· weight lnss 

•Regardless ol' score, immediately eulhanize (death is imminent) 

Individual or Cumulative Score: 
<6 Normal 
6 · 1 ! Morhid: Sec VL D.2 and Yl.D.4 in IACUC Policy#! 0 for guidelines 
'.". 12 Moribund: Notify responsible personnel immcdiatdy fur euthanasia (if nu singk crite1iu is 12*). 

Any single crilcria of 12* cuthanizc immediately; consider as 'found dead.· 
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PROT10 COL TITLE: 
A STRAIN COMPARISON STUDY ON SURVIVAL, VASCULAR DAMAGE, AND LONG 
TIERM HEAL TH EFFECTS IN IRRADIATED MINI PIGS (Sus scrota domestfca) 

PRINCIPAL INVESTIGATOR: f6><6l I PhD 
Principal investigatorltb){6) I Scientific Research Depar1ment 
Armfldfqcces Ra'11obiology Research lnsiitute __ J...,A ... F.-R.-.R_,1._) _____ _ 
Tel: IMt~ J Faxf{6){6') L E-maiif'-t6_x_6> _______ -1 

CO-INVESTIGATOR(S):l(bH6l lovM, MVSc, PhD 
ICb)(6) I Scientific Research Depariment 
Armoo Forces Radlobio109y Research lnstitute;.,(..,A;,;,F-.R.-R.;..:.li..l --------
Tel:l{b)@ I Fa~ltbl\OJ I ~-mail l'-<ti_>(_6> ________ __,J 

AFRRI SCIENf 1IFIC RESEARCH PROTOCOL NUMBER: 

I. NON-TECHNICAL SYNOPSIS More animal models are required to screen candidates 
for radiation countermeasures. We have eKtensively characterized the Gottingen minipig as a model of 
hemato,poletic Acute Radiation Syndrome (H-ARS) and Gastrointestlnal Acute Radiation Syndrome (Gl 
ARS}. The model has proven to be more sensitive to irradiation than other minipig strains . 
The FDA stares lt1at animal models must be well-characterized to be used for testing efficacy of drugs 
under the Animal Aule. Understanding the reason behind the sensitivity of the Gott1ngen minipig is critical 
for the development and use of this model, as well as for an informed choice of dilferent miniature strains. 
We propose here to compare two strains of rninipigs, the Gottingen minipig and the Sinclair minipig 
(supposedly more resistant to radiation damage than the Gottingen minipig). and to investigate potential 
mechanism of radiation injury that leads to the extensive, severe hemofrhaging and bleeding observed in 
the Gotlingen minipig. In addition. we will further characterize the Goltingen minipig for development of 
late effects of irradiation in the cardiovascular system, following partial body irradiation (PBI). To provioe 
PBI, a linear accelerator (LINAC) similar to those used in the clinic to target precise tissue and organ 
areas must be used. Late effects of irradialfon in humans may manifest several monttis after exposure in 
several organs. In the heart, evidence of coronary artery atherosclerosis leading to myocardial infarct, 
microvascular damage, fibrosis leading to congestive heart lailure, pericardia! disease, and 
cardiomyopathy has been found in patients exposed to radiation therapy, as well as in the H-bomb 
survlvors (Armenian et al, 2015, Stewart et al, 2013; Waler et al, 2013, Yamada et al, 2005). Preliminary 
data indicate that 1he Gottingen minipig irradiated a1 clinically relevant doses (i.e. 2 Gy) displays a rapid 
reduction ~n H DL cholesterol level after irradiation. which may lead to development of coronary heart 
diseases and rnicrovascular damage. 

II. BACKGROUIND 

11.1. Backgr0ound The FDA states that animal models must be well-characterized to be used 
tor testing efficacy of drugs under the Animal Rule. In parallel to the development of radiation 
counterm easures to increase survival to acute radiation doses, the issue of late effects of irradiation after 
exposure 10 survivable doses becomes relevant and an integral part of the model characterization. 
We lhave extensively characterized the Gottingen minipig as a model of hematopoietic Acute Radiation 
Syndrome {H-AAS) and Gastrointestinal Acute Radiation Syndrome (Gl-ARSY ~ELmi~del has proven to 
be more sensitive to irradiation than other minipig strains (Mandel et al, 1980; b ),(b) 6 J It is 
characterized by wides~read tidema and llemorrtiages affecting mainly heart. lungs and intestine. as well 
as by dyslipidem1a l(b)(.i (6)(6) l Damage to the vasculature is expected to 
be one of the main mediators of the radiation sensitivity of the Gottlngen. Development of a PBI minipig 
model which can maintain the sensitivity of the cardiovascular system to irradiation but is capable to 
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overcome the acute lethality of the syndrome, will greatly aid our unders1ar'lding of late e1fecls of 
radiation. The cardiovascular features of the Gottingen minipig might be exploited lo establish a model of 
late cardiovascular effects that requires relatively short period (months) to develop, as opposed to years. 
Cardiovascular late effect can manifest as arrhythmia, cardiomyopathy (affecting mainly the left ventride 
of the heart. the milral and aortic valve. and developing into congestive heart failure and infarction), 
prema1ure coronary artery disease (i.e. atherosclerosis), and inflammation (pericarditis and pericardia! 
fibrosis) (Keene & Oeffinger. n.d.).Understaooing the reason behind the sensitivity of the Goftingen is 
cntical for the short· ar,d long-term use of this model, as well as for the choice of a different miniature 
suain. 
The minip g modol developed at AFRRI has utilized gamma photons from a Cobalt-60 source to irradiate 
the animals. This setup can be used for total body irradiation, but not for PBI. In order to irradiate only a 
portion of the animal, a linear accelerator (LINAC) similar to those used in the clinic to target precise 
tissue and organ areas must be used. AFRRI has an Elekta Linear Accelerator (LINAC) that can be used 
for parlial body irradiation. 
For ttolal body irradiation. both Cobait-130 sources and LINAC can be used. Survival is impacted by the 
type of radiation used. lhis study will compare side by side two minipig strains 1or two radiation doses, 
and will use Gottingen miniplg historical data for two additional doses. We may use either Cobalt·60 or 
LINAC whern comparing strain sensitivity to total body irradiation, for all !ir'limals in lhe prolocol. 
Alternatively, we may deliver some of the doses with Gobalt·60 and some other with LINAC: however all 
animals in this protocol receiving the same dose will be exposed to the same source. for comparison 
purpases. Clhoice of tadia'llon source will deperid on availability of the source and in consultation with 
funding agency. 

The insulin-like growth factor 1 (IGF-1) is an important hormone that plays pivotal roles in all phases of 
human growth and endocrine metabolism (Livingstone. 2013) . It is induced following 1issue or cellular 
injury to stimulate repair and homeostasis of 1issues (blood vessels, skeletal muscles, heart, brain, 
intestine), and replication of cells (hemalopoietic and intes1inal crypt cells). IGF-1 expression changes 
over the course of the life span in humans, with the highest levels present in the pre-pubertal phase and 
early adulthood. and the lowest levels at early and late stages in llfe (Lamberts et al. 1997: Mayo Clinic, 
n.d). Gender and menopausal state also attect expression of IGF·1 (Roelfsema & Veldhuis, 2015). Low 
levels or IGF-1 have been associated to increased risk of atherosclerosis and other cardiovascular 
diseases (Ruldavets et al. 2011 }. 

Alterations in IGF-1 levels (both deficiencies and excess} are associated with several human pathologies 
(Kim, 2015; Puche. 2012) . Cardiovascular mortality, insulin resistance, high blood pressure and 
dysregulation of vascular tone are associated with both low and high IGF·1 concentration, suggesting the 
exis~ence of a U·shape relationship between IGF-1 and pathologies. or the onset of IGF-1 resistance at 
high concentration of IGF-1 (Schutte, 2014). Studies from our lab with the Gottingen minipig suggest that 
IGF-1 levels are anered as a function of radiation exposure. IGF-1 is induced shortly after irradiation, 
peaks a few days before the animal becomes moribund, or declines over the course of weeks in surviving 
animals (Figure 1 ). 

[ U Gy, 'S day survlllall 
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Figure 1: IGF-1 in the plasma of 
irradiated G. minipigs. TM animal 
on the left survived the en1ire 
observation period (45 days), while 
the animal on the right survived only 
23 days. 
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Our preliminary dala suggest that 
moribund animals undergo a 
secondary acute inflammatory 
response, characterized by increase 
in pro-inflammatory eyfokines (IL-6), 
acute phase proteins (CRP, $AA), 
inflammation of the endothelium 
(ICAM-1), and reduction in 
endothelial Nitric Oxide Synthase 
(oNOS) {Figure 2), possibly leading 
to impairment of the vascular tone, 
hypertension. edema, bleeding, and 
hemorrhages. 

Figure 2: IL-6, ICAM-1, and SAA In plasma of Irradiated G. mlnlplgs ; eNOS expression in heart 
t issue of I rradiated G. minipigs. Doses and survival time or condition is indicated in each panel. 

The cardiovascular protective role of IGF-1 is thought to be mediated by its regulation of C-reactive 
protein (CAP) {Liu et al. 2014). CAP is an acute-phase reactant protein and systemic marker of 
inllamrnation, which displays pro-inflarrHnatory effects on endothelial cells through promotion of adhesion 
molecules, chemokine expression and vascconstriction. IGF-1 activates eNOS signaling and improves 
vascular tone, while CRP promotes uncoupling of eNOS. thus favoring production of superoxide and 
oxidative stress instead of nilric oxide, and hypertension (Liu et al. 2014). Emerging evidence 
demonstrates 1hat IGF-1 and CAP levels have an inverse correlation and opposing roles in endothelial 
cell ac~ivation (Liu et al. 2014). Unexpectedly, in the irradiated Gottingen minipig, IGF· 1 parallels high 
levels of the inflammatory markers C-reacHve protein and serum amyloid A (SAA) (Figure 3). 

·~ .J 
.. . . .. .. . 

_,_ 
,_,, Figure 3: Levels of IGF·1 , CAP and SA.A from the same 

plasma sample from one irradiated G. mini pig. The animal 
survived only 23 days. 

The roles ot IGF-1 and CAP are important in understanding potential mechanisms of sensitivity to 
radiation, as well as the radiation-induced vascular damage observed in the Gottingen minipig. 
Surprisingly, resul1s from the serial sample analysis in our lab suggests that the Gotlingen minipig may 
become IGF- 1 resistant or that a U-shape relationship exists between IGF-1 and survival, since high 
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levels of IGF-1 are associated with poor prognosis. Indeed, our preliminary analysis indicates in age 
matched groups of minipigs suggests that IGF-1 levels are higher in the Gottingen with respect to the 
Sinclair (Hormel Minnesota), a strain reportedly more resistant to irradiation based on one study with 14 
day old Minnesota miniature piglets (Mandel et al. 1980). 

The Sinclair minipig was developed by the Hormel Institute at the University of Minnesota in 1949 
(Sinclair Bioresources, n.d.). It is the first miniature swine stock developed specifically for research 
purposes. The Sinclair has a slow growth rate, but is larger than the Gottingen minipig. It has been used 
in multiple research areas, cardiovascular, musculoskeletal, urogenital, oncology (melanoma}, 
immunology, reproduction toxicology, teratology, dermatology, gastroenterology, respiration, nutrition, 
pediatrics, etc. One lineage of the Sinclair miniature swine develops a malignant spontaneously 
regressing melanoma (Sinclair Bioresources, n.d.). 

Here, we propose to confirm our preliminary results on IGF-1, as well as to evaluate both strains of 
minipigs in terms of radiation sensitivity and expression of IGF-1. We will determine: i) if different strains 
of minipigs have the same sensitivity to irradiation; ii) the relationship between IGF-1 levels and sensitivity 
to irradiation; iii) the relationship between IGF-1, CAP and vascular function/integrity, and iv} if there are 
late effects detectable within 120 days after exposure to radiation in the Gottingen minipig. 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 

11.2.2. Date of Search 8/17/2015 

11.2.3. Period of Search Alt available years 

11.2.4. Key Words of Search 

minipig OR swine AND radiation AND total body 
OR 
minipig OR swine AND radiation AND panial body 
OR 
minipig OR swine AND radiation AND late effects 
OR 
minipig OR swine AND radiation AND Cobalt 
OR 
minipig OR swine AND radiation AND LINAC 
OR 
minipig OR swine AND radiation AND C-reactive protein 
OR 
minipig OR swine AND radiation AND IGF-1 

11.2.5. Results of Search 

BRO The database was not available during the period 8/17/2015 to 9/2/2105 

RePORTER: The results of the research found a few projects dealing with Toll receptors in macrophages 
and dendritic cell activation, development of medical devices or diagnostic tools, induction of stable 8-cell 
tolerance to transplantation antigens, application of gene based therapy, identification of biomarkers for 
application other than radiation biodosimetry, and assessment of CD47 function in response to radiation
induced burns. 
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PubMed: Several publications were found with the key words radiation and minipig; several were from our 
own laboratory. One article described the hematopoietic radiation toxicity in the Tibet minipig; another 
studied the effect of fractionated radiotherapy on the parotid gland of the Brazilian minipig. However, no 
publication described a comparative study between strains; no publication reported assessment of IGF-1 
as a potential mechanism of radiation sensitivity; no publication investigated the relationship between 
radiation, IGF-1 and vascular damage. 

Ill. OBJECTIVE I HYPOTHESIS Our hypothesis is that (i) the Gottingen and the Sinclair 
minipigs display different sensitivity to irradiation; (ii) a relationship exists between survival, circulating 
levels of IGF1, acute phase proteins (i.e. CRP, SAA), and vascular function/integrity; and {iii) late effects 
of irradiation (i.e. atherosclerosis, fibrosis) can be observed within 120 days after exposure. 

In order to test our hypotheses, we will: 
I. Expose Gottingen and Sinclair minipigs (total body irradiation, TBI) to several radiation doses, and 

compare survival. In addition, we will establish the time course for IGF-1 and acute phase proteins in 
both strains irradiated at two radiation doses, and perform histological assessment of major organs 
for vascular integrity, as assessed by presence of edema and hemorrhages, for all animals. 

2. Irradiate Gottingen minipigs with partial body irradiation (PBI) sparing 5% of bone marrow (5% PBI), 
determine survival and time course for IGF-1 and acute phase proteins, and perform histological 
assessment of heart, lungs, and gastrointestinal tract to assess presence of markers indicative of 
tissue injury attributable to late effects of irradiation. 

Experimental details are reported in Section V Materials and Methods. 

IV. MILITARY RELEVANCE According to the DoD Chemical and Biological Defense 
Program 2009 Annual Report to Congress (6): "Although the overall number of nuclear weapons 
continues to decline because of Russian and U.S. treaty commitments, the United States anticipates an 
increase in weapon numbers in China, India, and Pakistan. Motivated by economic and strategic 
interests, Russia and China (or political entities in each) and North Korea continue to supply technologies 
and components that are dual use and could support weapons of mass destruction and missile programs, 
especially in the Middle East and South Asia. Iran continues to develop its enrichment program in 
defiance of United Nations {U.N.) Security Council resolutions and also continues to build a heavy water 
reactor in Arak, which will be capable of producing plutonium that could be weaponized. While North 
Korea has halted portions of its nuclear program, it is possible that it has stockpiled several nuclear 
weapons from plutonium produced at Yongbyon. Non-nuclear radiological dispersal devices (ROD) and 
radiological exposure devices (RED) pose a significant potential threat especially in the hands of non
state groups. Contamination and recovery issues associated with operating in a radiological environment 
remain significant concerns for military operations and underscore the need for robust detection, 
protection, and decontamination systems." 

Both early and late health effects of radiation exposure are major concerns for the military. Developing 
countermeasures to radiation exposure is a top priority for the US Department of Defense. Effective 
countermeasures would expand the options available to field commanders operating Ionizing Radiation 
(here defined as IR) threat environments, and improve the morale of personnel at risk of exposure to IR. 
DoD Defense Technology Objective MD. 18 states: "Effective mitigation of health consequences (of IRJ 
will ( 1) reduce casualty load at medical treatment facilities, (2) sustain a more effective operational force 
after a radiation exposure event, (3) allow commanders to conduct operations in radiation field 
environments without undue risk of decremented performance of personnel due to acute tissue injury, 
and (4) reduce the negative psychological impact on personnel tasked to operate in contaminated 
environments." 

An important barrier to advanced development of radiation countermeasures is the paucity of large, long
lived, non-rodent animal models of radiation injury. The only choices at present are nonhuman primates 
(NHPs) and canines. The higher sentinent status of NHPs. their expense and danger (occupational health 
hazards) of working with NHPs, are also disadvantages. Canines are notoriously sensitive to NSAID and 
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vomiting (Swindle et al. 2012). The addition of miniature swine as a large animal radiation injury model 
would facilitate development of promising countermeasures for both military and civilian use. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

V.1.1. Experiment 1 Dosimetry 
Animals may be required for finalizing dosimetry measurement for Cobalt and LINAC exposure. After the 
required period of quarantine/acclimation (see Section V.5.1.), animals will be sedated as described in 
section V.4.1.2.1. Anesthesia I Analgesia I Tranquilization, and transported to the Cobalt and/or LINAC 
facility, placed on a sling or a table, and measurements such as animal dimension while lying in the sling 
used for irradiation and CT scans will be taken. For dosimetry measurements, the animals will not be 
exposed to ionizing radiation. At completion of Experiment 1, animals will either (i) be used for 
Experiment 2 if final calculations for dosimetry are completed within 7-10 days, or (ii) will be euthanized 
and blood and tissue samples collected as non-irradiated controls, for model development. 

Number of animals requested for Experiment 1 = 8 total {4 Sinclair+ 4 Gottingen). 

Table 1 
Experiment 1: experimental plan 

Dose (Gy) Goltingen Sinclair Study Endpoints Total 

Non-irradiated 4 4 Dosimetry measurements a 

V.1.2. Experiment 2 Strain comparison study 
After the required period of quarantine/acclimation (see Section V.5.1.), we will irradiate (TBI) Gottingen 
and Sinclair minipigs using LINAC or Cobalt-60, and we will collect study endpoints according to the 
Table 2. Animals irradiated at the same dose and exposed to the same radiation quality (i.e. either X-rays 
from LINAC or gamma-photons from Cobalt-60), to enable comparison of survival data between strains. 

Table 2 
Experiment 2: experimental plan 

Doses (Gy)" 

1.8 (TBI) 

2.5 (TBI) 

Dose TBD 
(hematopoietic 
range) 

Dose TBD 
(hematopoietic 
range) 

Total 

Gottingen 

4 

4 

a 

Sinclair 

4 

4 

4 

4 

16 

Study Endpoints 

30 d survival, CBC, IGF-1, 
acute phase proteins, 
gross- and histo·pathology 

30 d survival, CBC, IGF-1, 
acute phase proteins, 
gross- and histo-pathology 

30d survival, CBC, IGF·1, 

Total 

a 

a 

acute phase proteins. 4 
gross- and histo"pathology 

30d survival, CBC, IGF· 1, 
acute phase proteins, 4 
gross- and histo·pathology 

24 

• Doses other than 1.8 Gy and 2.5 Gy will be determined based on survival data of the Sinclair minipigs 
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As this is the first time that we irradiate tile Sinclair, the dose response of this strain is unknown to us. To 
compare the two strains. we will irradiate both strains at a dose corresponding to the approximate LD?O 
for the Gottingen (1.8 Gy). as well as one supralethal dose (2.5 Gy, this dose is above LDl 00) for side by 
side comparison between the two sirains of pigs. Doses other than 1.8 Gy and 2.5 Gy will be determined 
based on survival data of the Sinclair minipigs. Blood will be collected according to section V.4.4.2. 
Biosamples, and used to obtain CBC/differential and plasma samples for further processing. Blood for 
CBC/differential and plasma will be collected the week before irradiation and the day before irradiation (or 
1 hour before irradiation) and. considering Day 0 the day of irradiation. on days O. +1. +2. +3. +7, +10, 
+ 14, + 17, +20, +23, +27. +30. Time points may be shifted by 24 - 48 hour. or dropped in case of 
unforesoon circumstances. Additional blood draws may be taken, por veterinarian request, if ne0ded to 
assess health of the animal. 

Blood will be collected from either a Vascular Access Port (VAPJl(bR4)(6)(6) I or an externalized 
catheter. or from peripheral veins (see lis1 of potential sites under section V.4.4.2. Biosamples 
"Colllection of blood samples": See VAP or externalized catheter placement under section V.4.3.2. 
Procedure (s)). We have perfected the techniques to collect blood samples from VAP as well as 
petipheral veins for the Got!ingen mini pig, but we do not have e>:perience with the Sinclair minfpig. 
Optimal modality o·r blood coilection will have to be determined empirically. 
Animals will be observed tor 30 days. Moribund animals will be euthanized according to pre 0 established 
euthanasia criteria (V.4.5); animals completing the survival study will be euthanized at day 30 · 34 after 
irradiation. Euthanasia will be carried out accordihg to section V.4.6 Euthanasia. Tissues and blood 
samples will be collected for further analysis (V.4.4.2). 

Number of animals requested for Experiment 2 = 24 total (8 Gottingen + 16 Sinclair). 

V.1.3. Experiment 3 Long term effect of radiation 
After the required period of quarantine/acclimation (see Section V.5.1.). we will expose Gottingen 
minipigs to X-rays using LINAC, while protecting about 5-10 % of the bone marrow (5-10% PBI). Partial 
protection ot bone marrow is expected to increase survival at doses otherwise lethal. and allow 
assessment or late effects of radiation. We will irradiate minipigs with 2.0 Gy and 2.5 Gy ( fable 3), These 
doses are .1 o.0% lethal und;s m~dy jrradjatjo~ , b~t are ~ot s.ulficient to induce the_ 9aslro-intes~~al 
Acute Rad1at1on Syndrome I · Ar11mals 1rrad1ated at 2.0 - 2.5 Gy display extensive 
bone marrow suppression, vascular damage, and increased CAP. Therefore we expect thal such doses 
will not be lethal under 5-10% bone marrow sparing, and will be suitable for studying long term damage 
associated with radiation-induced bone marrow toxicity. 

Table 3 
Experiment 3: experimental plan 
Distribution of animals per irradiation doses end endpo;,,ts 

D<>ses (GV) GottinQen Sinclair Primarv Endo<>ints Total 
1~ !:l ~vrvival IGF-1 , 

a.a (5-10% PBI) 4 0 acute phase proteins, 4 
atherosclerosis 

120 d survival. IGF-1, 
2.5 (5-10% PBll 4 0 acute phase proteins, 4 

atherosclerosis 
Total 8 0 8 

Animals will be observed for 120 days. Blood for CBC/diflerential and plasma will be collected the week 
before Irradiation and the day before irradiation (or on day o before irradiation) and, considering Day o the 
day of irradiation. on days+ 1, +3, +7, -t10, + 14, +17, ... 20. +23, -t27, +30 and up to twice a week 
thereafter. Time points may be shifted by 24-48 hour. or dropped in case of unforeseen circumstances, 
Additional blood draws may be taken. per veterinarian request, if needed to assess health of the animal. 
Blood will be collected from either a Vascular Access Port (VAP). or an externalized catheter. or from 
peripheral veins (see list of potential sites under section V.4.4.2. Biosamples " Collection of blood 
samples"; See VAP or externalized catheter plaoement under section V.4,3.2. Procedure (s)). Moribund 
animals will be euthanized according to pre·established euthanasia criteria (V.4.5); animals completing 
the survival study will be euthanized at day 120 · 124 after irradiatlon. Euthanasia will be carried out 
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according to section V.4.6 Euthanasia. Tissues and blood samples will be collected for further analysis 
(V.4.4.2). 

Number of animals requested for Experiment 3 = 8 total {8 Gottingen + O Sinclair) 

V.2. Data Analysis 
Experiment 1. Four animals are sufficient to provide medians and means with standard deviations, which 
will allow calculation ot 95% confidence intervals. These miniature swine, produced for research, are of 
homogeneous size when matched by age. The variation in size is expected to be very small. 
Experiment 2 and 3. Experiment 2 is a pilot study, to be followed by a fully powered study if results are as 
expected and funds are available. There is not enough evidence available on the difference in sensitivity 
between Sinclair and Gottingen to justify a fully powered study at this point to demonstrate that one strain 
is more sensitive than the other. Preliminary proportion data at each radiation dose for the two strains can 
be used to determine sample size needed for fully powered studies. 
Four animals, however, will be sufficient to provide medians and means with standard deviations, and 
provide the possibility to remove one potential outlier in the dataset for each parameter and time point. 
Differences in means between groups will be assessed using Student's T-test or ANOVA. Strength and 
direction of association between variables will be estimated using the Pearson Product Moment 
correlation coefficient, the Spearman coefficient or the Kendall rank correlation, depending on the 
distribution and level of the variables. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered The purpose of this project is to determine 
the effect of radiation on survival and expression of hormones and acute phase proteins. There is no 
computer model or tissue culture that can mimic the effect of radiation on the whole organism and predict 
lethality. Survival depends on an intricate network of organ cross-talks and cellular microenvironment that 
cannot be recreated in vitro. Consequently, administration of supportive care to cellular components 
grown in vitro will not allow any assessment on survival. 

We do not know all of the eel! types and tissues involved in radiation injury or how radiation injury causes 
lethality. The concept of multi-organ failure has been suggested, but how the injured organs affect each 
other's vital functions is unknown. The present state of the art of tissue culture is still incapable of 
reproducing the in vivo relationships. Computer modeling is similarly limited by lack of full characterization 
of the biological elements and interactions under study. 

These considerations are consistent with the FDA requirement tor preclinical research in both small and 
large mammals before granting approval for drug testing in humans. 

V.3.2. Animal Model and Species Justification Large, long-lived, non-rodent animal 
models are required for drug studies submitted to the FDA for licensure applications. The close similarity 
to humans in anatomy and physiology of organs such as the liver, pancreas, kidney and heart has made the 
pig the primary species of interest as organ donors for xenographic procedures. Minipigs are routinely used 
for toxicity testing. As such, further and rapid characterization at physiological, molecular and genetic level 
of the mini pig is likely to occur, thus increasing acceptance of this model and facilitating advanced drug 
development. We have been developing the Gottingen minipig as an additional large animal model for the 
study of the ARS and advanced development of radiation countermeasures. The current study will help to 
further characterize the model in terms of natural history of ARS, and to understand the reasons behind 
inter-individual sensitivity to radiation. Studies on the Sinclair minipig will increase the choice of animal 
model available to mimic the condition in humans, overall increasing the chances of obtaining a FDA 
approved drug for the mitigation and treatment of the ARS and eventually decreasing the number of 
animals required for research. Our previous studies have employed male Gottingen minipigs to develop a 
probit curve; female minipigs of a corresponding age (approximately 4 months old) are more sensitive to 
irradiation, based on data from other laboratories. Since we are using our own historical data as one of the 
terms of comparison, we will continue to use male minipigs for this study 
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V.3.3. Laboratory Animals 

V.3.3. 1. Genus I Species Sus scrota domestica 

V.3.3.2. Strain I Stock Gottingen miniature swine and Sinclair miniature swine 

V.3.3.3. Source I Vendor Marshall BioResources/Marshall Farms Group Ltd, 5800 Lake 
Bluff Road, North Rose NY 14516; Sinclair Bio Resources, LLC, P.O. Box 658, Columbia, MO 65205. 

V.3.3.4. Age 3-5 months 

V.3.3.5. Weight Weight appropriate for age (6-14 kg for the Gottingen, and 12-30 kg for the 
Sinclair} 

V.3.3.6. Sex Male 

V.3.3.7. Special Considerations NA 

V.3.4. Number of Animals Required (by species) 
Exp 1: 4 Gottingen, 4 Sinclair 
Exp 2: 8 Gottingen, 16 Sinclair 
Exp 3: 8 Gottingen 
Additionally, we would like to request an additional 10% (4 pigs of either strain as needed) due to 
unforeseen complications or unexpected deaths. 
Total: 20 Gottingen + 20 Sinclair miniature swine+ 4 pigs= 44 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 
The study data-points currently mandated by the FDA for approval of radiation countermeasures under 
the Animal Efficacy Rule is mortality. Hence the primary study data-point in our development of Gottingen 
minipigs as a model for ARS is survival. Moribundity will be used as a surrogate for mortality, and 
euthanasia will be used in order to minimize pain and distress, using an extensive set of criteria (see 
animal endpoints, paragraph V.4.5 - Lethargy, weight loss, temperature, respiratory distress, food intake, 
bleeding etc.). Animal care and use procedures will only be pen'ormed by trained personnel. We have 
considerable experience in the care and handling of minipigs. Extensive human interaction every 
weekday will reduce stress in the animals. Use of slings, topical anesthetics, and anesthetics will 
minimize distress during blood collections and the animals will be gradually acclimated to the slings for 
these procedures. VAP design and the blood collection have been refined during multiple iterations of 
previous studies to minimize discomfort to the animals. 

V.3.5.2. Reduction 
Blood samples obtained from minipigs before irradiation will serve as controls, thus reducing the number 
of animals required for this study. Use of historical controls will reduce the number of animals needed for 
this study. 
V.3.5.3. Replacement NONE 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

V.4.1.1. APHIS Form 7023 Information 
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V.4.1.1.1. Number of Animals 

V.4.1.1.1.1 . Column C 

V.4.1.1.1.2. Column D 

V.4.1.1.1.3. Column E 

_o_ (#of animals) 

_8_ (# of animals) 

_36_ (# of animals) 

V.4.1.1.1.4. Pain Category Assignments 

Exp.# Experimental/Control GrouD 
1 4 Gottingen. 4 Sinclair 

c D E 
8 

2 8 Gotinaen. 16 Sinclair 24 
3 B Gottinqen 8 

Unexoected comolicationS/losses <either strain) 4 

Totals: 8 36 

V .4.1.2. Pain Relief I Prevention 

V.4 .. 1.2.1. Anesthesia I Analgesia I Tranquilization 
We are planning to use anesthesia/sedation at the th11e of blo·od sampling (if necessary). prior to 
irradiation, surgery (if applicable). and prior to euthanasia, Anesthesia/sedation regimen for these 
procedures is outlined in Table 4. Atropine will be added for any procedure that requires intubatton. 

Table4 
Anesthesia/sedation regimen• 

Blood s-ampling, 
emer,gency medical care 

Irradiation, Surgery, 
Euthanasia 

ii 
iii 

iv 

v 

vi 

Midazolam (0.1 ·0.5 mg/kg s.c.or i.m.) 

Acepromazine (0.03-1.1 rng/kg i.m .) 
lsoflurane 1-5% (face mask or endotracheal tube) 

Xylazine (2.2 mg/kg)+ Telazol (2-6 mg/kg) i.m. 

Telazol 2 - 8 mg/kg i.m., w ith or without 
isof lurane 1-5% (face mask or endotracheal tube) 

Telazol (4 .4 mg/kg i.m.) + dexmedtomidine (0.05·0.1 
mg/kg i .m.) or ketamine (5-20 mg/kg IM)/xylaz.ine (1-2 
mg/kg i.m. ), with or without isoflurane 1-5% (face mask 
or endotracheal tube) 

vii Telazol (2 - 8 mg/kg i.m.), with or without 
isoflurane 1-5% (face mask ot endotracheal tube), 
Atropine (0.04 mg/kg s.c., i.m.or i .v.) (when intubated) 

Telazol (4A mg/kg i.m.) + dexrnedtomidine (0.05·0;1 
viii mg/kg i.m. ) or ketamine (10-20 mg/kg IM)•/xylazine (1-2 

mg/kg i.m. ), with or without isoflurane 1·5% (face mask 
or endotracheal tube), Atropine (0.04 mg/ kg s.c., i.m.or 
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i.v.) (when intubated) 

Xylazine (2.2 mg/kg)+ Telazol (2-6 mg/kg) i.m. with or 
ix without isoflurane 1-5% (face mask or endotracheal 

tube), Atropine (0.04 mg/kg s.c., i.m.or i.v.) (when 
intubated) 

"Agents will be selected and doses may be refined based on veterinarian's discretion 

At the end of the irradiation procedure or surgery, once the animals are back in their cages, 
dexmedetomidine can be reversed by atipamezole i.m. (same volume as dexmedotmidine) to facilitate 
recovery. 

V.4.1.2.2. Pre- and Post-procedural Provisions 
Body weights and health check status 
Body weights and standard animal health check status (hydration status, hair coat, skin quality, vitals) will 
be determined at least once prior to irradiation, and on days of blood collection. Data will be recorded on 
the Animals' Clinical Observation at Blood Collection Form (cl (see Section VIII Enclosures). 

Animals will be monitored daily for general indicators of animal health (activity, posture, stool, vomit, 
respiratory activity, respiratory rate, anorexia and temperature). Monitoring will occur at least once in the 
morning (am) and once the afternoon (pm) throughout the duration of the study. Monitoring in the critical 
period of sick animals will be performed with increased frequency, as described in V.5.2.1. Routine 
Veterinary Medical Care. Daily observations will be recorded on study specific form, Animals' Daily 
Observations Form (dl (see Section VIII Enclosures). 

Supportive care 
We will administer prophylactic empirical antibiotic regimen to reduce the risk of infection. Regimen is 
based on prototype medical orders during a radiation incident and follows guidelines from the Department 
of Health and Human Services Radiation emergency medical management and the Radiation Injury 
Treatment Network, RlTN (Department of Health and Human Services, Radiation emergency medical 
management, 2013). For trigger points, will follow guidelines for treatment of afebri!e neutropenic patients 
from chemotherapy and from ablative radiation treatment for hematopoietic stem cell transplantation, as 
recommended by the American Society of Cancer Oncology, ASCO, National Comprehensive Cancer 
Network (ASCO, 2011; Flowers, 2013). Furthermore, we will define neutropenia as neutrophil counts 
<500/microl, and we will use this parameter as trigger point to start/end treatment. 

We will start treatment at absolute neutrophil counts (ANC) <500/µL or expected to decrease to <500/µL 
within the next 48 hours, with or without concurrence of fever (Table 5). We will administer ciprofloxacin 
plus amoxicillin/clavulanate (p.o.) for a minimum of 3 days. Treatment will continue until bone marrow 
recovers and ANC remain stable above >500/µL for 2-3 consecutive time points. In case of resistance to 
ciprofloxacin (temperature higher than 39° Celsius for >3-5 days during fluoroquinolone treatment), we 
will switch to a different class of antibiotic and we will use gentamicin in combination with 
amoxicillin/cfavulanate (ASCO, 2011 ). If fever still persists for >3-5 days, we will switch to fluconazole. 
Oral administration of drugs is preferred over i.v. administration because of negative impact of 
venipuncture on animal survival. Oral administration is also likely to be preferred in case of mass 
casualties due to limited availability of infrastructure for i. v. administration of drugs. We reserve however 
the option to inject the drugs i.m. if oral administration is not feasible. The trigger points to start and end 
such treatment, as well as the dosage, are described in the Table 5 and Table 6 below -
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Table 5 
Prophylactic empirical antibiotic regimen: trigger points to starVend treatment 
ANC<SOO/µI. O< e>Cpecled to decrease lo <500/lll wi!n n ~ .... next .is hows Start ciprofloxac n plus amo•idl!in/davulanate 

(continue for at least 3 days) 

ANC stable above >500/µl (2 consecutive CBC reading at 3-4 days 

distance) ~nd T<.39° C 
Stop t reatment 

If T> 39' C for >3-5 d3ys while taking dproflo•acin 

r> 39" c for >3-5 days while takinu entamicin 

Table 6 

Sub~titute dproilo•acin plus. amoxicilli n/clavulaJ'ate 

with gentaniicin plus amo>dcillin/clavulanate. 

Administer until ANC stable above >~OO/µL(2 

consecutive CBC readins at 3·4 days distance) and 
T"<39'C 

Substitute genrnmicin plus an11:mcillin/clavulanate 

with flucoria1ole plus amoxltlll ln/clavulana1e. 

Administer until ANC stable above >500/µL(2 

consecutive CBC readme at ·3.4 days distance) and 
Td9'C 

Prophylactic empirical antibiotic regimen: drug dosage and modality of administration 

oru1 Reatmen/ route 

Ci profloxacin 

Gentamicin 

Amoxlcll lln/davulanate 

Flucona,ole (Diflucan) 

2.5 - 7.5 mg/kg, BID, p.o . • 

2-6 mg/kg SID, p.o. • 

11-13 mg/kg every U-24 h. p.o. • 

10-12 mg/kg, SID p.o. • 

•or i.m. if PO is not possible, at dosage prescribed by and in consuliation with a veterinarian 

V.4.1 .2.3. Paralytics NA 

V.4.1 .3. Literature Search for Alternatives to Painful or Distressful Procedures 

V .4. 1 .3.1 . Sources Searched Altweb, AG RI COLA and Pubm()d 

V.4.1.3.2. Date of Search 91212015 

V.4.1.3 .3. Period of Search All available 

V.4.1.3.4. Key Words of Search swine, total body irradiation, partial body irradiation, AAS. 
sequelae, pain, distress, death as an endpoint, alternatives 

V.4.1.3.5. Results of Search 
Alternatives to toxicily testing in five animals have been proposed in the form of cell and tissue culture, 
which are not feasible 1or the purpose of this study where the cross-talk among organs and strain 
sensitivity is being investigated in relationship to survival after acute irradiation. Add~ionally, 
bioinformatics or in silico approaches applied to life science might be created ad hoc lo validate studies; 
however these approaches cannot be adopted to model the complexity of multi-organ failure in a large 
animal, because the mechanisms of radiation injury are still for the most part unknown. Alternatives to 
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irradiation to study the AAS (total body or partial body) do not exist. We will however provide anesthetics 
and analgesics for pain management at the time of VAP and catheter implantation {See VAP or 
externalized catheter placement under section V.4.3.2. Procedure (s)), as well as during the days that 
follow surgery, to alleviate the pain produced by the procedures. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Irradiation itself is not a painful procedure. Pain and distress are associated with the immune 
suppression, GI injury and bone marrow suppression post TBI. At equivalent TBI doses, pain and distress 
after PBI are expected to be less intense, because of the residual, spared, bone marrow which is still 
capable of producing blood cells. These animals may not have acute effects of irradiation (bleeding, 
infection etc.). Depending upon the irradiation dose, irradiated animals die due to compromised immune 
responses and opportunistic infections. The percentage of surviving animals is the indicator of the 
efficacy of a countermeasure. We cannot give systemic anesthetic agents to animals after the irradiation 
procedures, since they are known to interact with the immune system (see references in Jacobsen, K. 
0., V. Villa, V. L. Miner, and M. H. Whitnall. 2004. Effects of anesthesia and vehicle injection on 
circulating blood elements in C3H/HeN male mice. Contemp Top Lab Anim Sci 43:8-12.), and would 
confound the correlation of radiation dose with incidence of moribundity, resulting in a waste of animals. 
However, we are providing supportive care in terms of antibiotics, and fluids/ nutritional support. Use of 
supportive care is expected to mitigate the pain associated to the sequelae of irradiation. 

V.4.2. Prolonged Restraint 
Only short periods of restraint in the sling {<30 minutes) will be necessary for irradiation (in Cobalt facility) 
procedure, physical examination and blood collections. To minimize discomfort, we have designed a new 
type of sling that uses softer, elastic material to support the animal, and utilizes a more efficient restraint 
design that maintains the animal in place while reducing manipulation by technicians and consequently 
stress to the animals. 
During the acclimation period, slings are used for physical examination. At this time, animals are 

acclimated to the sling for 5-1 o minutes. Acclimation to the sling is very rapid and non-stressful; animals 
are petted and gently spoken to while restrained. It has been our experience that resting on the sling does 
not agitate the animal at all. 
Animals are anesthetized/sedated and transported to the Cobalt Facility holding area before being put 
into sling for irradiation (<20 minutes). Animals will be kept under continuous observation while in the 
sling. Slings will be washed and sanitized at the end of each day. 
V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions Animals will be fasted overnight (approximately t 6 - 18 
h) prior to VAP implantation surgery. For antibiotic, Cefazolin sodium 20 mg/kg i. v. or ampici!lin sodium 
10-20 mg/kg i.v. will be given just prior to the surgery, or intra-operatively, for prophylaxis. At the time of 
surgery, a temperature microtransponder {Implantable Electronic ID Transponder lPPT-300, Bio Medic 
Data Systems, Seaford, DE) will be implanted subcutaneously behind the neck, over the shoulder 
opposite to the site of VAP surgery, to facilitate body temperature measurements. 

V.4.3.2. Procedure(s) VAP Implantation. VAP catheters (SoloPort subcutaneous access 
port, either PMID or MID model; lnstech Solomon, PA} will be surgically implanted in the right external 
jugular veins under general anesthesia according to the principles of aseptic surgery. 
Animals will be lying on their back; vital signs will be taken at regular intervals by vet techs. The catheter 
tip will be introduced through a 2-3 mm incision in the right jugular vein and advanced to the junction of 
the external jugular vein and vena cava. Prior to insertion, the VAP catheter will be flushed with locking 
solution (heparin lock flush solution, 100 IU/m I). Prior to securing the VAP catheter within the vein, 1 
preplaced 2~0 or 3-0 vicryl (polyglactin 91 O) suture (Ethicon, Somerville, NJ) will be used to ligate the 
vessel just cranial to the insertion point of the catheter tip. A second and third vicryl ligature will be placed 
around the caudal portion of the vessel containing the VAP catheter and retention bead, with 1 ligature on 
either side of the bead. The port will be secured within the scapular incision site to the underlying 
musculature by use of 2-0 or 3-0 poldioxanone (PDS) (Ethicon, Somerville, NJ) at a minimum of 2 of the 5 
anchor ho!es on the port. Catheter function will be confirmed intraoperatively through aspiration of locking 
solution and withdrawal of a blood sample via the septum. The port reservoir and catheter will be flushed 
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again with saline and tocked with a heparin lock flush solution (100 IU/ml). All subsequent lock solutions 
will be heparin (100 IU/ml). 

During closure of the surgical sites, special attention will be given to eliminating dead space around the 
port and around the catheter loop on the neck. The muscle and subcutaneous layers will be closed with 
2-0 or 3-0 PDS II (polydioxanone suture; Ethicon). Skin incisions will be closed with 2-0 PDS 11 (Ethicon) 
in a continuous intradermal pattern. Tissue glue (VetBond, 3M, St Paul, MN) may be used to help seat 
surgical sites as necessary to help prevent contamination. 

Externalized catheter implantation. 1f needed, an externalized catheter will be placed in the external 
jugular vein as described above in the VAP catheter placement. However, in this case, the catheter will 
be tunneled to an exit site on the dorsum of the animal without a VAP. A coil of the catheter will be left 
underneath the skin and a subcutaneous purse-string suture will be placed around the catheter to secure 
it at the exit site. Skin will be closed using 2-0 PDS. 

V.4.3.3. Post-surgical Provisions 
VAP surgery or externalized catheter surgery. Postoperative intramuscular buprenorphine (0.01 to 
0.02 mg/kg; Buprenex, Reckitt Benckiser, Richmond, VA) or Carprofen (2.2 mg/kg) will be provided for 
analgesia before full recovery from anesthesia. Additional post-operative analgesia will be given as 
Carprofen (2.2 mg/kg p.o. BID) for three days starting the day after surgery, or as recommended by an 
AFRRI veterinarian in consultation with the Pl. Alternatively, fentanyl transdermal patch at 5 mcg/kg/hr or 
buprenorphine sustained release 0.12 - 0.27 mg/kg SC for analgesia can be used as determined by the 
veterinarian. The fentanyl patch, if used, will be applied to a shaved portion of skin and secured. It takes 
approximately 12 hrs for the fentanyl patch to take effect. Animals will continue to be monitored until fully 
recovered from anesthesia; they will be returned to their home cage when ambulatory. Supplemental heat 
may be provided in the home cage post-operatively (e.g. Bair Hugger warm air blanket, heating pads). 

After surgery, 25-50 mg/kg trimethoprim-sulfa p.o.(or 5mg/kg i.m.), SID, will be given for 5 days or more 
as determined by veterinarian to lessen the risk of post-op infection. Alternatively, enrofloxacin 5-1 O 
mg/kg i.v.lp.o.li.m. can be given every 24 hrs for 3-5 days or more if needed as determined by the 
veterinarian. Convenia 5-1 O mg/kg s.c. may be used as an antibiotic as determined by the veterinarian. 
The advantage of this antibiotic is that the single injection provides protection against the bacterial 
infection for several days. 
Postsurgical recovery and pain will be monitored twice daily by visual examination of the incisions and 
overall conditions of the animals. Parameters monitored will be food and water intake, activity, alertness, 
vocalization, guarding, and response to human contact. Topical antibiotic ointment may be applied at the 
surgical site. Animals will be allowed to fully recover from the surgery before irradiation is done. The 
recovery period may last for 2-4 weeks. 

V.4.3.4. Location 
VSD surgical suite 

V.4.3.5. Surgeon 
Surgeons will be AFRRl/HJF veterinarians. 

V.4.3.6. Multiple Major Survival Operative Procedures NA 

V.4.3.6.1. Procedures 

V.4.3.6.2 Scientific Justification 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 
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All injections will be administered i.m, or s.c., or i.v., using sterile needles (19-25 gauge, %"-1112'') and 
syringes. 

V.4.4.1.1. Pharmaceutical Grade Drugs 
Udocaine (5%), topical 
Telazol® 
Xylazine 
KetamineAtropine sulfate 
Cefazolin sodium 
Ampicillin sodium 
Heparin lock, IV 
Saline 
Buprenorphine 
Carprofen 
Fentanyl transdermal patch, topical 
Metamucil 
Enroflaxacin 
Augmentin 
Ciprofloxacin 
Amoxicillin 
Midazolam 
Acepromazine 
Cetacain topical spray 
Atipamezole (Antisedan, Pfizer) 
Dexmedetomidine (Dexdomitor, Pfizer) 
Convenia (Cefovecin sodium, Pfizer) 
lsoflurane 
All the drugs listed above are ordered from veterinary product distributors by VSD and they all are 
pharmaceutical grade drugs. 

V.4.4.1.2. Non·Pharmaceutical Grade Drugs NA 

V.4.4.2. Biosamples We will collect blood samples throughout the duration of the study, as 
well as tissue samples at necropsy, for use in our laboratory and for sharing with collaborators. Blood will 
be used for CBC counts and isolation of plasmalserum for laboratory assays. Tissues will be used for 
histology as well as molecular laboratory techniques as applicable (i.e. Western blot, PCR, ELISA, etc.). 
Tissue samples, to include organs, blood and hair may be taken at the time of euthanasia for tissue 
blocks and for frozen tissue repository. 

Mean blood volume for minipigs is 61 ·68 ml/kg. (Diehl, 2001} Up to 1% of total blood will be drawn in a 
single day, and no more than 7% of total blood volume in a week (Walter Reed Army Institute of 
Research. 1997. Investigators' Handbook. Section I: Handling Techniques and Noninvasive Procedures). 

Weight Total blood 1 % total blood 7'% total blood 
(kg) volume {ml) volume (ml) volume (ml) 
10 650 6.5 45.S 
12 780 7.8 54.6 
14 910 9.1 63.7 
16 1040 10.4 72.8 
18 1170 11.7 81.9 
20 1300 13 91 
22 1430 14.3 100.1 
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Collection of blood samples. We will obtain blood samples from externalized catheter (if applicable), or 
from VAPs (if applicable), or from peripheral veins. 

Blood draw from VAP. Before accessing the VAP site, 5% lidocaine ointment USP will be applied 
topically 15 min prior to sampling, to minimize animal discomfort. Before placement of a non-coring 
needle, the port injection site will be scrubbed with povidone iodine and 70% isopropyl alcohol until all 
gross debris is removed (3 to 5 scrubs). To collect a sample, approximately 1 ml fluid will be withdrawn 
from the catheter and port until blood no longer appears to be mixed with saline. This fluid will be 
discarded. The blood sample will be collected into a new syringe and placed in appropriate vials for 
analysis. Next, 3 ml heparin lock flush solution (100 IU/ml) will be infused into the port and catheter as a 
locking solution. A standard protocol will be followed for obtaining a sample from a problematic catheter. 
First, external pressure will be applied to the non-coring needle where it entered the port to ensure the tip 
of the needle is all the way through the septum and into the reservoir. Second, high-pressure turbulent 
flushing will be attempted with a change in the animal's position. A second person will be needed to 
extend the neck of the animal by raising it or flexing it away from the side that contains the VAP. Third, 
the non-coring needle will be replaced; at times the blood may be clotted inside the lumen of the needle. 
Fourth, if the described series of interventions fail to return the VAP to functioning, the sample will be 
collected from accessible peripheral vessels using one of the anesthesia regimen as described in section 
V.4.1.2.1. 

Blood draw from externalized catheter. If an externalized catheter is implanted in the external jugular 
vein (section V.4.3.2) and used for blood collection, the catheter will be flushed with1-5 ml saline and the 
first 0.5 ml of blood will be discarded. Blood samples will be collected using a new syringe. After blood 
collection, catheter will be flushed again and locked with 1-3 ml of heparin lock {100 IU/ml). 

Blood draw from peripheral veins. Alternatively, we will collect blood from peripheral veins such as 
auricular, femoral, cephalic, saphenous etc. An i.v. catheter may be placed in one of the peripheral veins. 
Animals will be sedated at the time of blood sampling according to section V.4. 1.2. 1 
Anesthesia/Analgesia/Tranquilization, if necessary. All procedures will be entered into the experimental 
record. Lidocaine (5%) may be applied topically to the site of venipuncture to minimize discomfort to the 
animals about 15 minutes before starting the procedure; site will be cleaned with 70% alcohol. 

Collection of samples will be performed with the minipig restrained in a sling or on a sedated minipig in 
the cage: at the same time, we will take vitals. The entire procedure takes less than 30 min. After blood 
draw, animals will be returned to their cages and checked to ensure that the needle puncture wound is 
closed and the blood has clotted. 

V.4.4.3. Adjuvants NA 

V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V.4.4.5. Animal Identification Tattoos or ear tags and cage cards/tags 

V.4.4.6. Behavioral Studies NA 

V.4.4.7. Other Procedures 

Temperature transponder. At the time of irradiation, VAP surgery, or catheter implantation, while the 
animal is anesthetized, a temperature microtransponder (Implantable Electronic ID Transponder IPPT-
300, Bio Medic Data Systems, Seaford, DE), will be implanted subcutaneously behind the neck, over the 
shoulder opposite to the site of VAP surgery, to facilitate body temperature measurements. 

Dosimetry. Animals will be sedated, and taken in covered transporting cages to the Cobalt or LINAC 
facility, where they will be placed on a sling or a table and body measurements will be taken. Sedation will 
be administered as appropriate. 
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V .4.4.8. Tissue Sharing Blo·sarnples {as described in section V.4.4.2.) will be collec1ea, to 
be used for CBC counts. plasma/serum isolation, histo-chemistry/protein/molecular assays among others. 
and to be shared with collaborators upon request arid as experiments permit. 

V.4.4.9. Animal By-Products NA 

V.4.5. Study Endpoint Moribundity will be used as a surrogate for mortality. and euthanasia 
will be used in order to minimize pain and distress . The determination of the moribundity must be made in 
consultation with a veterinarian. 
Eulhanasla will be carried ou1 either after completion of the observation period (30 day for experiment 2. 
or 120 day for experiment 3), or when the animal(s) shows at least one of the absolute cri1eria for 
moribundity, or a combination of four cril eria for non-absolute moribundity. Absolute criteria will be lack of 
responsiveness (lying down, no effort to get up when people enter the cage, no ability to stand without 
support) , continuous prolonged dyspnea (>30 minutes) , bOdy weight loss (loss of greater than 20% of 
expected weight), and hypothermia (<:36°C). Non·absolute crite(ia will be hyperthern'lia (>40°0), anorei<ia 
(skip 3 consecutive meals}. anemia/pallor, petechiae/ecchyrnosis. vomiting/dlarfhea, lethafgy, seizures or 
vestibular signs, and prolonged hemorrhage . Attainment of 4 non-absolute criteria will qualify for 
immediate .euthanasia. 

Absolute 
I Non responsive, assuming the animal has recovered from unesthe11ia 

2 Dyspni:u ( fma rc~pir:ttiun rate, ~hallow breathing, l<1b<1n:1I hn:athin~ ). t:onti11uous, 
prolonged >30 minutes) 

3 Lo~~ of 20% of expected wcii:lu*'" (Sec AppcndixJ 

4 Hypothermia (<36°C) (rectal temperature) 

Non-uhsolult 
1 Hyperthermia (>40"C) (recial temperature) 
2 Anorcllia (skip 3 consecutive rneals - pig cbowl 
3 Anilmiu/pull<lr. CRT> ?. seconds. 

4 Vomiting/dinrrhea 

5 Lethargy 
6 Seiz.ure~ or vestibular ~igns !foiling, circling or nea<l til t. p<tdclling) 

Prolonged hemorrhage (hemorrhage ,,.. any sign of internal or extemal bleeding. including 
presence of petct·hiae/ecchy1nosis. bleeding from snout. eye, 1l11)t1th, anu~: pre~cnce of 
blood in the cage; presence of Mood in the stool. Hemorrhaging can be. also derermined by 
drop in HCT %). 

,. l\ttain111cnt of 4 111ln·11i>•ol11lc crit~ria will qualify for i1T11111,'lli11k euthanasia 
"~l~a:.iJ un Mt1rsh:ill lli11-1"C">u1-cc-s ~m\v1h chan-wdght v~r'u' uge 

Animals will be euthanized according to current American Veterinary Medical Association (AVMA) 

guidelines. 

V .4.6. Euthanasia Animals will be euthanlzed according to current American Ve1erinary 
Medical Association (AVMA) guidelines. Animals will be anesthetized with Telazol® (2·8 mglkg) i.m., or 
ketamine (1 0·20 mgJkg)fxylazine (t-2 mglkg), i.m or 1 ·5°/o isof lu rane v·1a mask or any one of the 
combinations described in seclion V.4.1.2.1. Animals will then be euthanized with Eu1hasol® (sodium 
pentobarbital, a minimum dose of 1 mV4.5 kg, i. v. or i.e.) or another commercial euthanasia solution. In 
the rare event that a moribund animal is not responsive and necessltaling of immediate euthanasia, 
euthasol may be Injected without prior anesthesia. Animals will be deeply anesthetized with 1-5% 
isoflurane {via face mask) in addition to the injectable anesthesia during intra-cardiac injection of 
euthasol. Death will be confirmed by AFRAI veterinarian or veterinary technician via auscultation of the 
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heart, with cessa1ion of sounds for at leas1 2 minu1es or longer as per curren1 SOP. See item V.4.5 for 
euthanasia criteria before the end of 1he study. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations Animals will be acclimated for ~1 week prior 10 
beginning of procedures. Minipigs will be housed in stainless steel cages/runs, in tac1ile, visual and 
olfactory contact with adjacent animals. During quarantine/acclimation period, up to day of surgery, if 
applicable, minipigs may be group-housed. After surgery, they will be singly housed 1o prevent damage to 
the VAPs and to allow individual assessment of feed consumption and fecal/urine/blood production. 
Minipigs will be singly housed after irradiation. Room environment will be maintained as per VSD SOPs. 

V.5.1.1. Study Room 
Minipigs will be located at AFRRI vivarium for the duration of the study. They will either be in a VSD 
surgical suite for VAP /catheter implantation if applicable, in transit to and from the Cobalt facility/LINAC 
in a covered transport cage, in slings for irradiation in the Cobalt facility, or in their housing cage or a VSD 
prep room for blood collections or euthanasia. 

V.5.1.2. Special Husbandry Provisions Filtered tap water will be provided ad tibitum. 
Commercial diet will be provided as per vendor's recommendation. Diet may be supplemented with 
yogurt, metamucil, pumpkin mash, apple sauce, milk formula, and pedialyte may be given, in addition to, 
or in place of, fresh fruits and vegetables. 

Supportive care will be provided after irradiation to all animals, according to Tables 5 and 6. 

No treats in the form of marshmallow, peanut butter, crackers will be offered to these animals. 
Instead, fresh fruits, vegetables, and/or yogurt will be offered 5·7 days a week. 

V.5.1.3. Exceptions NA 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care Each animal will be observed at least twice 
daily for evidence of pain or distress. Body weights will be de1ermined a1 least once a week and on days 
of blood collection. Animals will be qualitatively assessed at least twice daily (a.m. and p.m.) for general 
behavioral status and food consumption by study staff or VSD personnel. Unless the animals are 
deteriorating, daily observations may not be recorded during weekends, emergency closures, and 
holidays. Daily observations will be annotated on the Animals' Daily Observation Form (d}. 

The critical period is defined as day 14-30 post-irradiation. Monitoring of sick animals will be performed 
with increased frequency during this time to include: an early morning check {before 9 a.m.), a mid
morning check (between 9 a.m. and noon}, an afternoon check (between 1 p.m. and 3 p.m.), and a late 
afternoon check {between 4 p.m. and 6 p.m.). If animal conditions are deteriora1ing rapidly during the day, 
an additional evening check (after B p.m.) will be done, followed by an early morning check at< 10 hours 
apart. Rapidly deteriorating conditions are defined as follows: activity score of 2, > 1°C change of body 
temperature per hour, respiratory activity of 1 with continuous dyspnea for more than 1 O consecutive 
minutes, complete anorexia for more than 12 hours, single instance of vomiting/diarrhea, single instance 
of seizure or vestibular signs, mild hemorrhaging for longer than 6 hours). 

V.5.2.2. Emergency Veterinary Medical Care Emergency veterinary medical care is 
available 24/7 and will be provided based on the restrictions approved in earlier sections of this protocol 

V.5.3. Environmental Enrichment 
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v .5.3.1. Enrichment Strategy 
Pnysical and occupational enrichment will be done as per the VSD minipig enrichment SOP, except 
single housing after catiHHerfVAP implantation if applicable. and irradiation. Dietary enrichment will be 
done as per section V.5.1 ,2, 

V.5.3.2. Enrichment Restrictions Minipigs will be single-housed after surgery (if 
applicable) and after irradlatlon until completion of the study, to avoid mechanical and infectious 
complications related to implanted catheters. but they will be in visual, olfactory and auditory conbact with 
other minipigs in the same room_ Animals may be group-housed during quarantine. 

VJ. STUDY PERS,ONNEL QUALIFICATIONS AND TRAINING 

I I I YRS/MOS 
= NAME DEGREE Tl:U\INiNG D.ATE PROC£DURES 1=£.XPERI ENCE 
(b)(ti) 1, 3, 4, S, 7 (dwg b)lOJ 

defiveryt 
1!.,2,3b,4; 5, 6 {VAP), 
7 (in vivo SrdU 
labeling) 

1, 3, 4, s. 

1,3,4,5 

1, 3, 4, s 
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I I I YRS/MOS 
NAME DEGREE TRAINING DATE PROCEDURES EXPERIENCE 

(0)(0) ,0)\0) 

1.2,3,4,7 

1,2,j ,GJ 

1,2,.M,S 

3b,4, minlpig 
husbandry 

procedures 

Minipig husbandry 
procedures 

v;)U i:sacK-uo ~ecnnrc1ans 
\O/lOJ Ail veterinary (b)\ti) 

technical procedures 

All veterinary 

technical proced·u res. 

Ail veterinary 

technical procedu res 
Procedure and manlpulat'1on codes: 
Code 1= ftlnima.1 handl'u'lg and euthanasia 
Code 2 .. Sur_gery (aseptic technique) pre· and post·operative care 
Gocle J ; lnjcations j3a-ip, 3b·sc, 3c..gavage) - can say 3 ir trained in all mat1fpulations or add 3d·iv 
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Cade 4= 1Blood oolleetiM unaor ali9sthesia (4a·eardlac, 4o·postefior veM aava) 
Code 5., Tissue collection (alter euthanasia) · doesn't need to be spedfic 
Code 6 - lmplanlatlm1 (provide delalisf 
Code 7 .. Others · '(provide protocol specific manipulations or procedures for e.g .. retro-orbital bleeding, tail vein injec~on. or drug 
delivery) 

VII. BIOHAZARDS/SAFETY NA 

VJlt ENCLOSURES 
1) Animals' Daily Observation Form (d). 
2) Animals' Clinical Observation at Blood Collection Form (c) 
3) Sinclair growth chart 
4) Gottingen grow1h chart 

References 
Alison G. Freifeld, Eric J. Bow, Kent A. Sepkowitz. Michael J. Boeckh, James J. Ito, Craig A. Mullen. 

lssam 1. Raad, Kenneth v. Rolston, Jo-Anne H. You11g, and John R. Wingard 

Armenian SH, Hudson MM, Mulder ~L. Chen MH, Constine LS, Dwyer M, Nathan PC, Tlssing WJ. 
Shankar S, S1eswerda E, Skinner R, Steinberger J, van Dalen EC, van der Pal H, Wallace WH, 
Levitt G, Kremer LC, International Late Effects of Childnood Ganeer Guideline HarmonizaMn 
Group. {2015). Recommendations for cardiomyopathy surveillance for survivors of childhood 
cancer: a report from the International Late Effects of Childhood Cancer Guideline Harm0n~zatiori 
Group. LancetOncol, 16(3):e123-36. doi: 10.1016/$1470-2045(14)70409-7. 

ASCd. Cllnlcal Practice Guideiine for the Use of Antimicrobial Agents in Neutropenic Patients with 
Cancer: 2010 Update by the Infectious Diseases Society of America. Clln Infect Dis. (2011) 52 
(4): e56·e93 doi:10.1093/cidteir073 

Department of Health and Human Services, Radiation emergency medical management. (201 ~ . August 
30). Prototype for adult and pediatric medical orders during a radiation incident. Retrieved from 
http:f/www.rernm.nlm.gov/adultorderform . htm 

Diehl KH, Hull R, Morton 0, Pfister R, Rabemampianina Y, Smith D, Vidal JM, van de Vorstenbosch C; 
European Federation of Pharmaceutical Industries Association and European Centre for the 
Validation of Alternative Methods. A good practice guide to the administration of substances and 
remc>vill ,of bl pod. inctudioa routes s!ld yolumes, J Appl Toxjco!. 2001 Jq.n-Eeb;21I1) ;15·23. 

Flowers CR, Seidenfeld J, Bow EJ, Karten G, Gleason G, Hawley DK. Kuderer NM. Langston AA. Marr 
KA, Rolston KV, Ramsey SD. 2013 Antimicrobial prophylaxis and outpatient management of 
fever and neutropenia in adults treated for malignancy: Ameriean Society of Clinical Oncology 
clinical practice guideline. J Clin Oncol.;31(6):794-810, 

Gafter-Gvlli A. Fraser A, Paul M, Vidal L, Lawrie TA, van de Watering MD, Kremer LC, Lelbovici L. 2012. 
Antioiotiic prophylaxis for baeterial infections in afeorile neutropenic patients following 
chemotherapy. Cochrane Database Syst Rev; Jan 18;1 :CD004386 

Keene. N. Oeffinger, K. (n.d.). Laie effects to the heart. Retrieved from: http:irwww.ped~ 
onc.org/survivors/cardio/radia.html 

Kim MS. Lee DY. (2015). Insulin-like growtli factor (IGF)·I and IGF binding proteins axis in diabetes 
mellitus. Ann Pediatr Endocrinol Metab, 20(2):69·73. 

Lamberts SW, van den Beld AW, van der Lely AJ. (1997). The endocrinology of aging. Science 1997, 
278(5337) :4 ~ 9·424 

Livingstone C. (2013). lnsuiin-like growth factor-I (IGF·I) and cilnical nutrition . Clin Scl (Lond), 125(6):265-
80. 

Liu SJ, Zhang Y, You XY, Liu WH, Li AQ, Liu SM. Insulin-like growth factor 1 opposes the effects of C
reactive protein on endothelial cell activation. Mol Cell Biochem, 385(1-2):199·205. 

Mandel .• L., J. Travnicek, M. Taiatantova. and M. Zahradnickova. 1980. The LD50/30 and the survival 
time in whole-body gamma"irradiated conventional and germfree Minnesota miniature pigle.ts. 
Zeitsehri ft fur Versuchstiefkulide 22:96· 100, 

23 of 25 



Mayo Clinic. {n.d.} Insulin-like growth factor 1, serum Retrieved from: 
htt ://www.ma omedicallaboratories.com/test-catalo /Clinical+and+lnter retive/35099 

Puche JE, Cll!stil la-Cortazar I. (20i 2). Human condiiions oi insulin-like growth factor·i (IGF~l) deficiency. J 
Transl Med,14;10:224 

Roelfsema F, Veldhuis JD. (2015). Growth-Hormone Dynamics in Healthy Mulls are Related to Age and 
Sex. and Strcngl-y Dependent on Body Mass lnde:x. Neuroendocfinology. 2015 Jul 28.Pub ahead 
of print 

Ruidavets JB, Luc G. Machez E, Genoux AL, Kee F, Arveiler D. Morange P, Woodside JV. Amouyel P, 
Evans A. Ducimetiere P. Bingham A, Ferrieres J, Perret B. (201 i ). Effects of insulin-like growth 
factor 1 in preventing acute coronary syndromes: the PRIME study. Atherosclerosis, 218(2):464~9 

Schutte, Volpe. Tocci, Conti. (2014). Revisiting the Relationship Between Blood Pressure and lnsulin=Lif:<e 
Growth Factor· 1. Hyperiehsion. 63:1070-1077 

Sinclair Bioresources. {n.d.). $ inciair miniature swine. Retrieved from: 
httpJ/www.sinclairbloresources.com/Prtlducts/Sinclair.aspx 

Stewart FA, Seemann I, Hoving S; Russell NS. (2013). Understanding radiation-Induced cardiovascular 
damage and s~raieg ies for interverilion, Clfn Oneal (R Coll Radio!), 25(10):617-24 

Swindle MM. Makin A, Herron A.J, Clubb Jr FJ. Frazier KS. (2012). Swine as models in Biomedical 
resear·ch and toxicology testinQ. Vet Path, 49(2) :344·356. 

Ungvari Z .. Csiszar A. (~012). TM emerging role of IGF-1 deficiency in cardiovaseulat aging; recent 
advances. J derontol A Biol Sci Med Sci, 67(6):599°610 

Walker CM, Saldana DA, Gladish GW, Dicks DL, Kicska G, Mitsumori LM, Reddy GP. (2013). Cardiac 
complications of oncologic therapy. advances. J Gerontol A Biol Sci Med Sci, 67(6):599·610 
Radiographies. 33(5):1801,15. 

Yamada M, Naito K, Kasagi F, Masunari N, Suzuki G. (2005). Prevalence of atherosclerosis in relation to 
atomic bomb tatfiation exposure: M RERF Adult Health Study. Int J Radiat Biol. 81(11):821-6. 

X. ASSURANCES 

Protocol Title: A STRAIN COMPARISON STUDY ON SURVIVAL, VASCULAR 
DAMAGE, AND LONG TERM HEAL TH EFFECTS IN IRRADIATED MINIPIGS (Sus 
scrota domestica) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the toflowing: 
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A. Animal Use; The anirnals authorized for use in this protocol will be used only in the aclivities and 
in the manner described herein, unless a modification is speoifioally approved by the IACUC prior to its 
implementation. 

6, Duplication of Effort I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Sta1istlcal Assurance: I assure illat I have consulted with a qualified individual who evafrnated 
the experimental design with respect to the slatisllcal analysis , and that the minimum number of animals 
needed h'>f scientific validity wlll be used. 

0. Blohazard I Safety: I have taken into consideration and made the proper coordinations. regarding 
all applicable rules and regulations concerning radiation protection, blosafety, recombinant issues, and so 
forth. in the preparation of this protocol. 

E. Trainin:g: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been pr'Cpefly trained to 
ensure thal rio unnecessary pain or dislress wil l be caused to the animals as a result of the pr-ocedures I 
manipulations. 

F. Re-sponsibility: l acknowledge tile inherent moral. ethical and administrative obligations 
associated with the performance of this animal use protocol. and I assure thai alf individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well·being of the 
research animals. Addirtonally, I pledge ro conduct this study in the spirit of the fourth "A", namely, 
"Responsibility," which the DOD has embraced ior implementing anlmal use aiternatives where feasible 
and conducting humane and lawful research. 

G. Scientific Review: lhis proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good sclentltlc research prac1lce. 

H. Painful Procedure(s): I AM I AM NOT conduciing biomedical experiments, which may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 
I have considered alternatives to such procedures; however. I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

11 /24115 __ _ 
Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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PROT10COL TITL.E: A novel nanoparticle oral formulation of tocotrienols as radiationi 
countermeasure: a pilot study in mice. Mus musculus. 

CO-INVESTIGATOR(S): .._fbl_<0l ____ ~ _ ____.I Ph.D. 
Scientist 
Offieei;.,p<6"R6-) ~~~--. 

AFRR,J SCIENTIFIC RESEARCH PROTOCOL NUMBER: 

I. NON· TECHNICAL SYNOPSIS Radiologic or nuclear events are serious threats to our 
safety, which can come from sources including devices which spread radiation 
(including explosive devices), sophisticated nuclear weapons, nuclear power plants, and 
stolen or mishandled medical sources which are dangerous to health. While the DoO is 
taking many measures to protect military members and U.S. citizens against these 
dangerous threats, no drug is currently available to protect people from radiation effects 
before exposure. Recently, studies by AFRRI scientists have conclusively shown that a 
single injection of delta- or gamma-tocotrienol (DT3 or GT3) to mice confers a sttilking 
sur~ival benefit against irradiation. Both protect mice against injury of the hematopoiettic 
and gastrointestinal systems. Preli · ' · · - · 
administered orall before radiation l 
) 4 

(b)(4J Some of the advantages of this formulation wiH 
include biodegradability, none or very low toxicity, high stability at ambient temperature; 
~~njfjcanUv hi: cellular u®'ke. f"d feasibility of various routes of adm. inistration. The 

l{bJ< formulation has b_een tested for stability _at various 
temperatures. ere, we propose to test a promising lipid~based nanoparticle formulation 
to increase the radioprotectlve efficacy of tocotrienols following oral (PO) administration. 

The cunent paucity of radiological medical countermeasures warrants serious concern 
in consideration of credible assessments of potential radiologic or nuclear threat that our 
milil ary members and first responders are facing. This proposal will evaluate a. 
promising and safe product for use when given orally for protecting against ionizing 
radiation before sending the U.S. troops in harm's way. 

II. BACKGROUND 

H.1. Backgr,ound Threat characterization for radiologic and nuclear events (intentional 
or accidental) is defined lby the nature of the incident (1}. Threat devices or sources 
include radiologic dispersal devices, radiologic exposure devices, a sophisticated 
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nuclear weapon, improvised nuclear devices, nuclear power plants, and stolen or 
mishandled medical radiologic sources (2-5]. AFRRI has been in the forefront in 
evaluati l~){a)diatif n countermeasures against the deleterious ef1ects of ionizing 
radiation ( 

Tocols as radiation countermeasures: AFRFU investigators and their collaborators 
have extensively studied tocofs including tocopherols, tocotrienols. esters such as 
tocopherol succinate, and found those to be radioprrotecti~n administered 
subcutaneously prior to the total body radiation exposure ( 4l Currently no· FDA 
approved countermeasures are available for oral adminis ra ion. This protocol will allow 
us to test several formu lations of tocols for oral administration with the support of a 
commercial partner,~that has interest in advancing tocols as radiation 
countermeasure. 

AFRR'I management formed a ''tOcol" team to initiate studies in collaboration with <bX
4

> 

~has been in consultation with the tocol team to develo, ._ ________ _, 
that might be approved by FDA (use of ~®erall Re arded as Safe GR8~ 
m I · · f r h rn n use. Thes bJ( 

(bl< > and wil l be tested at 
AFRRI using the current protocol. 

11 .2. Literature Search for Duplication 

11.2.1. literature Sources Searched NIHRePORTER, PUBMED, Embase 

11.2.2. Date of search 10-15-2015 to i 0-22-201 s 

11.2.3. Period of Search The search period extended from 2009-present for 
NIHReporter, 1970 to present for PubMed, 2006 to present for Embase. 

11.2.4. Key Words of Search Each individual term: Annatto-derived, ~)(l) I+ 
~radiationt + (radioprotection), + (radioprotection+mice) + (oral) + pn> I 

11 )(a> I 
11.2.5. Re.suits of Search Table ·1. Literature search resulted the following hits as 
tabulated below: 

KEY WORDS PUBM NIHRePORTER Em base 
ED 

Ann!:ltto-nerived 1 0 0 
llD)(4J I 0 0 0 

l\O}\'IJ I+ radiation 0 0 0 
l(D)(4) I+ 0 0 0 

radioprotection+mice 
l(b)(4) H. oral 0 0 0 

j(bX4) I+ oral + 0 0 0 
~bX4) I 

Summary of the Search : The only literature found for 'Annatto-derived' was on effect 
of(CbXl> lin pos1menopausa! osteoporosis. There was no study evaluating 
radioprotective efficacy ofj<blt4) I 
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Ill. OBJECTIVE I HYPOTHESIS The objective of the · resent rotocol is to test the 
radio rote·Ctive efficac · of three oral formulations of < l 
b) 4) 

IV. MILJTARY RELEVANCE The issue that we will address in this proposal is ~he 
urgent need to protect first responders deployed in a radiation field for rescue and 
recovery military operations, resulting from accidental or intentional nuclear/radiological 
detonations. Currently there is no drug approved by the FDA to protect first responders 
deployed in a radiation field for military operations. This is a serious capability shottfa[I 
that needs to be addressed. Drugs under various stages of development in small and 
large anlmaJs are found to be toxic at effeetlve doses [31 4]. Therefore, there is an 
immediat·e need for non:toxic radioprotectants useful for military personnel and! civilians 
who may be exposed to a nuclear/radiological scenario [4]. The present proposal 
directly addresses this need by moving forward with the development of a promising 
drug delivery approach to increase radioprotective efficacy of oral tocotrienols (T3s). 

v. MATERIALS AND METHOLLS in this_stud}! we will test the oral efficacy ofl!bJ(4> 
P){a) lusing the male CD2F1 m,_o_u-se __ _ 

modet Drugs will be administered orally to two groups of mice, one with fasting [13]1 for 
5-8 h (fast) and the other without fasting (fed). Fasting of mice is a common procedure 
pertormed in association with many different types of experiments mainly in order to 
reduce variability in investigatory parameters or to facilitate surgical procedures. Since 
many physiological iparameters are regulated by circadian rhythms, fasting initiated at 
diflferent points in the circadian rhythm has dtfterent impacts and produces different 
results f 14, 15}o The oral absorption of tocotrlenol is affected by dietary tocopherol 
cont,ent 1(6)14) l In this study the focus is on absorption of 
tocols under fed and fasting conditions, Tocopherol is structurally similar to tocatrienols 
hence competes during absorption. Therefore; we are proposing to evaluate the effect 
of tasting on radioprotection by tocotrienol. An arm of normal animals will be U1sed as 
control. Before conducting the efficacy study, we wili study the safety of these 
formulations by conducting a 14-day acute toxicity study [16, 17]. 

V.1. Experimental Design and General Procedure,,,.s.,.,.,... __________ _____ 
Gen~eral experimental design: In this protocol !b)<4

> 
'--...--....-----......... ---.---...-----formula ii on s wiU be used. All drugs will be administered orally (po . Blank (b)(4) 

(ib\14> land natural emulsion {NE) will be used as respective nega'""·>t.,..iv-·e--c=o=nt""""Jo--,~ 1=s,=-' 
A schematic diagram of the experimental design is given below: 
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The experimental design for this protocol is divided in to 2 subsections. 

Section v .1.1 . : Basic toxicity 
Section v. 1.2,: Survival studies 

S·ection V.1.1. Basic AcuteTox1city 

By the term ·Basic' here means limited toxicology study. The term 'Acute' is used to 
indicate immediate (short term) toxicity. To evaluate a safe dose of orally administered 
tocotrienols , we will perform Optimal (non-toxic) Drug Dose for screening {ODDs), which 
has been used in evaluating several drugs in other IACUC protocols at AFRRI. The 
purpose of using the ODDs method is that it allows testing in one gender (males in the 
present proposal), and requires fewer animals when compared to conven tional 
Maximum Tolerated Dose (MTD) study. We will start with four times the dose chosen for 
survival studies ( 4X) (e.g. 400 mg/kg) as the starting dose [18-20). Choice of 4X 
concentration of the drug for toxicity is from the experience with thdl6k4) ~creening 
project, where 4X concentration gave a good window to test efficacy safely. It is also 
helpful while planning dose optimization studies. Drug will be administered via 
orogastric gavage {see Section V.4.4.2) once daily for four days to accumulate a steady 
state concentration of the drug because of its fast clearance after oral delivery. Animals 
will be divided in two groups, with and without fasting. Animals will be fasted for 5-8 h 
hours before drug administration (by removing food from those cages. Food will be 
replaced once the drug has tJeen administered) .. A maximum of six animals per drug 
dose will be used to evaluate toxicity, and will be monitored daily in accordance with 
IACUC policy tt1 o (Guidelines for establishment of early endpoints in experiments with 
expected mortality) for acute (1 to 4 h) and chronic (up to 14 days after final dose of the 
drug is administered) signs of toxicity after administration of drug. Signs of toxicity 
include decreased activity , squinting eyes, hunching, labored breathing, weight loss or 
mortality. If the 4X drug dose shows no toxicity in mice, the dose will be escalated to 8X 
(Table 1). Animals will be euthanized on day 14 and gross necropsy and histopathology 
will be carried out for any abnormal pathology in all major organs. Maximum tolerated 
dose (MTD) will be determined from this study. 

Serum biochemical and whole blood hematological tests: Whole blood will be collected 
under anesthesia on day 14 after last dose of drug administration (see section V.4.4.2 
for Blood collection) and blood will be transferred to EDTA tubes {200 µI) for 
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hematological analysis. The rest of the blood will be transferred to serum tubes (300-
400 µI) for serum co llection for biochemical analysis. Hematological parameters 
(CBC/differential) and serum biochemistry will be analyzed using an Advia 2120 
hematology system from Siemens Corporation. or replacement analyzer, if necessary. 

Table 1. Basic Acute toxicity study (14 day) after four doses of T3s (once daily) aoministered orally. 

Drug Diet Condition •of animals End point 
DoM Groups (whole blood) 
<ma.1\al 

{0/\4/ 6 
4X 5 

6 CBC/Differential, 
Fas ling s Serum Biochemistry s 

Controls NE 6 
NaTve 6 

(0)(4) s 
4X 6 

(b){4 INE 6 
CBC/Differential. 

(0)(4) Fed 6 
6 

Serum Biochemistry 
Controls NE 6 

Naive 5 
[D)\4J s CBC/Differential , ax Fasiing 6 Serum Biochemistry 
!bl!4 f.J E s 
(1>)(4) I 6 CBC/Differential, 

8X Fed 6 
l(b)(4) INE 6 

Serum Biochemistry 

Total I of animals 120 
X=Drug dose selected for survival studies r 

V .1.2. Efficacy of DG, nano-DGs as radiation countermeasures · survival studies 

For survival studies. 16 mice will be used in each group. Mice will be exposed to whole
body v-radiation. LD70130 dose of radiation will be used such that survival in the contrail 
group falls in the range 10% to 50% at 30-days post-irradiation. The exact dose for 
CD2Fl mice will be obta1lned from the probit curve (will be determined in Feb 2016 
under Pl(b){6) l There will be three test article-treated groups and two control 
groups (Table 2). Drug dose will be determined based on the results obtained from 
toxicity studies. To see the reproducibility of the results, the experiment will be repeated 
once, and end point will be 30 day survival. One GT3 in 5% Tween®-80 group 
(subcutaneous (sc] administration) will be included as positive control. 

Table 2. Survival efficacy of oral f6>(4) I 
Group• Treatment Multiplier 
1 radiation dose LD7ill30 1 

3 drug groups 111)(4) I, po 3 
3 vehicles (used for drugs) 2~DX4J !PO 4 

1 positive contror GT3 (1 00 mg/kg, sc, -24 h ) and 5%Tween80- 2 
saline as its vehicle 

Drug dose 1 14r~ of MTD determined by Toxicity study 1 
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Drug regimen -3 d, -2 d, • 1 d, and -4 h 1 
Mice/group 16 16 

1 lime point 30 day survival 

Fasting/fed 2 2 
Iterations 2 2 

Total no. of animals required 448 

Mice calcu lation= Rad dose (1) x groups (3+3= 6) x drug regimen (1) x mice {1 6) x .2 
treatments (fast and fed) x iteration (2) =384 

"Positive control = 2 groups (GT3 sc, vehicle) x 1 drug regimen x 16 mice x 2 iterations = 
64 

Excarlmental!Control Group To1al1 
ODDS safet~toxicity study 120 
Radialtion survival studies 448 
Extra 25 
Total# of animals 593 

Grand total of 593 including 25 additional mice (<5% of total no. of mice required for the 
protocol) to compensate for incidental loss during the experiment. Based on our 
previous studies and collection of data, we determine an additional requirement of 25 
animals and particu larly owing to the de novo nature of studies this becomes even more 
imperative to account for any unanticipated outcomes. The animals will also serve and 
support training purposes. 

V.2. Data Analysis All data will be reported as means with standards errors or 
percentages where applicable. 
Basic Toxicity (ODDS} - This is a qualitative study so no additional statistics will be 
conducted. 
Preliminary survival study - Based on the power analyses, the sample size (n= 16) is 
adequate to provide 80'% power required to detect significant difference between two 
groups, if any, given 5% type I error and deltafsigma of at least 1.03, where delta is the 
estimated mean differences between two aro~ps and sigma is the standard deviation. 
Previously fb)(6) _ n=24 was used in30-day survival studies 
to determine if there is 30%j improved survival in the drug group compared to vehicle at 
LD70/30 dose of radiation. Data will be represented as Kaplan-Meier surviva11 curves. 
Comparison of the survival curves will be made using Log-rank test. A p value of < 0.05 
will be considered significant. Experiments will be conducted a maximum of 2 times with 
16 mice per group. Due to the de novo nature of the study, 25 additional animals have 
been included to compensate for incidental loss and these animals will be used in the 
study and also for additional training. 
V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered Although high throughput screening and 
computer modeling have advanced significantly in recent years in identification of 
promising drugs, it would be simplistic to assume that cell systems or artificial 
intelligence modeling can replace the data that can be generated by using an animal 
model. Irradiation of animals will resu lt in a cascade of changes including death of stem 
and progenitor cells in bone marrow, alterations in signal transduction pathways,, 
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multiple organ dysfunctions, etc. due to differing radiosensitivities of organs. CurrenUy, 
there are no alternatives in existence that can predict or compute the complexity of the 
response to total body irradiation. 

V.3.2. Animal Model and Species Justification Recent advances in molecular 
techniques have allowed significant improvements in understanding the cellular and 
biochemical processes. These advances are possible only due to whole animal 
modeling of human ai lments. The mouse, in particular, has high sequence homology to 
humans at a genomic level as well as similar hematological and immunological 
response to radiation. Mouse models not only confirm primary pathological processes 
but have also proviaea a venue tor studying basic molecular, cellular, oiochemical , and 
cytological processes. Furthermore. there are extensive data on the mouse for 
comparison, review and analysis. The practicalities of breeding and housing these small 
mammals have made the mouse model invaluable. The Principal Investigator's group at 
AFRR~ has significant training and experience in handling mice in radiation 
countermeasure studies. In this protocol1 we will use male C02F1 mice since this is a 
historical strain AFRRI has been using tor last 30 years. The Pl also has used th is strain 
in previous studies. To compare the previous data with this study, P l will use ornly male 
CD2F1 mice. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species Mouse; Mus musculus 

V.3.3.2. Strain I Stock CD2F1 

V.3.3.3. Source I Vendor VSD approved vendor (Harlan Inc preferred for CD2F1 mice) 

V.3.3.4. Age (Procurement) 7~8 weeks 

V.3.3.5. Weight (delivery) 22-24 grams 

V.3.3.6. Sex Males have been used historically and will continue to be used in this 
study. 

V.3.3.7. Special Considerations Commercial ly procured animals must be adventitious 
disease free {see Appendix 2) . 

V.3.4 . Number of Animals ReQuired (bv species) Table 
Animal (genus. species a'ld common Original 

names) 

CD2F1 593 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement The Pl will take necessary steps for all personnel in the project to 
be rigorously trained in handling techniques (Tail-tattooing, ear-punch, injections, blood 
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collection. orogastric gavage and routine cage-side observations) to minimize dlistress 
and pain to the animals. Specifically, during capture and restraint Of' the rodents. ca~e 
will be taken to ensure that handling does not contribute to distress. 

V.3.5.2. Reduction Although basic toxicity and survival will be carried out on all three 
formulations, additional studies such as dose and time optimization and DR!= will be 
done with the best formulation determined from the survival study. Additional studies will 
involve vairious doses of drug as well as various doses of radiation ranging from 100% 
survival to 1.00% lethality. Positive controls and negative controls will be used to confirm 
robustness o'f experimental conditions. In addition, control groups (such as vehicle) will 
t)e shared whenever possible oetween formulations that are dissolved in similar 
vehicles. In classical toxicology testing, groups of 10°20 mice of both sexes are routinely 
used. Optimal (non-toxic) Drug Dose for screening (ODDs), which has been used in 
evaluating several drugs in other IACUC protocols at AFRRI. In ODDs method testing is 
done in one gender (males in the present proposal}, and the number of animals are 6 
per group; a thereby reducing animal numbers significantly. 

V.3.5.3. Replacement It is not feasible to use non-animal systems, nor a l!ess-sentienit 
model, in place of the rodent animal models to address the questions in this project. 

V.4. Technical Methods 

V.4. 1. Pain I Distress Assessment 

V .4.1.1. AfPHIS Form 7023 Information 

V.4.1 .1.1. Number of Animals 593 

V.4.1.1.1.1. Column C _ o_ (#of animals) 

V.4.1.1.1.2. Column D _O_ (#of animals) 

V.4.1.1.1.3. Column E _ 593_ (#of animals} 

V41114P ' Ct . . ain a eaorv As . t s1anmen s 
Exp.# ExDarimen1al/Control Group c D E Totals 
V.1.1. ODDS safetvftoxicitv studv 120 120 
V.1,2, Radiation survival studies 448 448 

Extra 25 25 

Totals: 593 593 
Even though we don't expect any pain or distress during toxicology studies, we woU1ld 
like to keep the animals in category E as we don't have that information. 
V.4.1.2. Pain Relief I Prevention Animals might experience pain and distr~ss. 
Minimizing and alleviating pain in laboratory animals without compromising the 
methodological integrity of a research project is important both ethically and legally. 
Mice often exhibit pain and distress with only subtle changes in their behavior [21 ]. 
Potential signs associated with pain and distress in mice includes decreased food and 
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water consumption, weight loss, self-imposed isolation/hiding, rapid breathing, open
mouth breathing, abdominal breathing, decreased movement, abnormal posture, 
muscle rigidity, twitch ing, trembling, tremor, etc. as included in Appendix 1 (sample 
scoring sheet for clinical observations with criteria for rodent euthanasia) in IACUC 
policy #10 {Guidelines for establishment of early endpoints in experiments with 
expected mortality). 

V.4.1.2.1. Anesthesia I Analgesia I Tranquilization The protocol will not use 
anesthetics or analgesics during radiation since they will adversely affect the outcome 
of the experiments or during oral administration of drug. The proposed study is lo 
determine the effects of radiation and countermeasures on tne function of tl'le immune 
and blood fanning systems. Use of any analgesics and anesthetics would interfere with 
the function of the immune system and therefore compromise the interpretation of the 
result$ [22]. Topical antibiotics will be applied if wounding occurs via in-cage fighting, 
under the guidance of the clinical veterinarian in accordance with standard treatment 
measurns. 
Anesthesia using standard lsoflurane apparatus under the guidance of the VSD wil l be· 
carried out in mice for blood collection. All personnel will be extensively trained for 
efficien~ administration of the agents as well as to minimize handling stress, 
Animals will be placed in the lsoflurane chamber and delivered a metered amount of 3-
5% lsofluranc mixed with 100% oxygen (at the flow rate of 500-1 OOOcc/min) until all 
voluntary motor movement ceases and the animal is recumbent for 10 seconds. 
Animal's respiration rate will be closely monitored through the Plexig las chamber during 
induction of anesthesia. When animals are recumbent, they will be removed from the 
chamber and their nose/mouth placed in the anesthesia apparatus breathing/gas 
administration cone for maintenance of anesthesia at 1 -3% lsoflurane and 100'% 02. 

V.4.1.2.2. Pre- and Post-procedural Provisions Mice will be housed under standard 
conditions both before and after rad iation procedures in accordance with current VSD 
rodent husbandry Standard Operating Procedures {see section V.5). 

V.4.1.2.3. Paralytics NIA 

V.4.1 .3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched AGRICOLA, PubMed. EMBASE 

V.4 .1 .3.2. Date o f Sea·rch 11/19/2015to 11/20/2015 

V.4.1.3.3. Period of Searc h AGRICOLA: 1987-2014, EMBASE 1974-present 
PubMed -1970 to present. 

V.4.1.3.4. Key Words of Searc h Radiation and pain,l16R'> I toxicity and pain, 
analgesia, alternative, humane, alternative methods to blood collection by cardiac stick 
and inferior vena cava. 
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In order to increase specificity of literature review, several combinations such as 
radiation P.lus specitic drug; radiation plus specific drug plus mice. alternatives to blood 
collection,1<6R4

> IAND toxicity AND pain were evaluated. 

V.4.1.3.5. Resufts of Search 
Table 2:sumrru1ry of Database Keyword Searches 

Hits 
Keywords Pub Med AGRLCOLA EMBASE 

l(b)(4) IAND radiation AND Oain 0 0 0 
I J\ND analgesia AND pain 0 0 0 

Radiation AND mouse AND oa\n 234 0 224 
llDJl4/ IAND toxicit}' ANP oain 0 Cl 0 

Alternatives to blood collection by cardiac stick and 0 0 0 
inferior vena cava 

Pain AND anatoesia And mice 1873 52 2236 
Radiation AND mouse AND pain AND alternative 5 0 11 

Radiation AND humane 12 0 34 

fhere are no alternatives to irradiation. While radiation Itself does not cause pain or 
distress, it induces a number of changes in the body that alters immune response and 
destroys hematological tissues, resulting in opportunistic infections, and mu1ltiorgan 
dysfunction leading to death, It is anticipated that animals exposed to high lethal 
radiation doses will become moribund. Unfortunately, literature clearly demonstrates 
that use of analgesics alters radiation response and the ref ore leads to increase in 
animal number for better statistical resu lts or for iteration of entire experiments, Since 
the purpose here is to compare the efficacy of the three experimental drugs we will be 
unable to use analgesics and anesthetics because they may interfere with the Innate 
system (17]. 
V.4.1.4. Unalleviated Painful or Distressful Procedure Justification Because 
exposure to irradiation is potentially lethal or causes debilitating e.ffects in humans, It is 
ethically impermissible to test the effectiveness of radiation countermeasures on human 
volunteers. Irradiation compromises the immune and blood forming systems leading to 
mortality. The radiation-induced mortality and potential percentage increase of survivors 
over 30 days using potential radiation countermeasures are study endpoints tor this 
protoool. Administration of drugs and analgesics is not an option since it ts well 
documented that they interact with the immune system which wil l confuse the 
interpretation [23~25]. Pain relieving measures are not used because such measures 
may compromise the experimental integrity of the study. All moribund animals will be 
euthanized by C02 inhalation and confirmatory cervical dislocation (see Section V.4.6 
Euthanasia), 

V.4.2. Prolonged Restraint The experimental animals will receive radiation at a dose 
rate 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation faci lity. Animals will be 
irradiated in Lucite boxes (8 animals/box) and arranged in an array (according to the 
latest dosimetry map) using plastic racks. Mice will be inserted into the standard 
radiation boxes just prior to irradiation (-i5 min of exposure time) and taken to the 
cobalt facility for irradiation. Animals will be restrained for no more than 60 min and 
returned to cages at the end of the irradiation period. They will be monitored daily 
following IACUC policy #10 (Guidelines for establishment of early endpoints ~n 
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experiments with expected mortality) (at least three times a day during critical period 
with no more than 1 0 h interval between late night and morning check and at least twice 
a day during non-critical period) for 30 days and euthanized at the completion of the 
observational period. 

V.4.3. Surgery N/A 

V.4.3.1. Pre-surgical Provisions N/A 

V.4.3.2. Procedure(s) NIA 

V.4.3.3. Post-surgical Provisions N/A 

V.4.3.4. Location N/A 

V.4.3.5. Surgeon NIA 

V.4.3.6. Multiple Major Survival Operative Procedures NIA 

V.4.3.6.1. Procedures N/A 

V.4.3.6.2 Scientific Justification N/A 

V.4.4. Animal Manipulations 

V.4.4.1 Ear punch: Three animals/ shoe box for toxicity studies and four animals/ shoe 
box for survival studies will be housed. They will be identified either by ear punch or tail 
tattoo. 

Procedure for ear-punch 
a. Soak the ear punch (Fine Science Tools, Cat# 24212) in a disinfectant (100% 

ethanol) before use and between animals. 
b. Place the device on the pinna of the ear (external ear) where the skin is thin avoiding 

the cartilage. 
Press firmly to punch a circular hole through the ear 

Tattoo procedure: Tattooing will be done either with a machine from Labstamp system 
following the SOP provided by the company or any other machine certified by VSD. 

Irradiation: These will follow the standard AFRRI protocol with mice placed in 
restrainers shortly prior to exposure, irradiation at the cobalt facility and return to VSD 
for further monitoring. Briefly, the experimental animals will receive radiation at a dose 
rate of 0.6 Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Exact dose of 
radiation will be determined based on the probit curve. Animals will be irradiated in 
Lucite boxes (8 animals/box) and arranged in an array (the latest dosimetry map) using 
plastic racks. Animals will be restrained for no more than 60 min and returned to cages 
at the end of the irradiation period. They will be monitored daily following IACUC policy 
#10 (Guidelines for establishment of early endpoints in experiments with expected 
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mortality) (3-4 times a day during critical period with no more than 10 h interval between 
late night and morning check and at least twice a day during non-critical period) for 30 
days and euthanized at the completion of the observational period. 

V.4.4.2. Oral gavage: Oral administration will be done by orogastric gavage 
undertaken using 18-20 gauge gavage needle (animal feeding needles. disposable
steri le, non-toxic and nonpyrogenic, 1 W' length). Non-disposable, metal ball ended, 
oral gavage needles of similar gauge and length are included as an alternative to the 
disposable needles. Drug volume will be 0.1 - 0.2 ml (maximum volume 10 ml I kg). The 
animal will be restrained in a vertical position to align the spine straight. The bulb will be 
introduced into tne mouth norizontally. Using the needle as lever, the syringe will be 
moved into a vertical position and the needle dropped down the esophagus into the 
stomach. The needle contents will be administered when the needle hub touches th:e 
animal's mouth. All precautions will be taken to ensure that the placement of th:e needle 
is properly JPOsitioned and that the animal is not in distress. No forceful feeding will be 
done to pr.event perforation of the esophagus. 

Injections: Subcutaneous injections will be given with either a 23 or 25 G needl1e to the 
nape of lthe neck of 0.1 ml (maximum volume 1 ml for 25 to 38 g animals). A disposable 
sterile needle will be used for all sc injections. One needle will be used per cage 
containing generally 4 animals. Endotoxin testing for all drugs will be completed prior to 
any animal testing at AFAAI and a report submitted for IACUC/VSD review and 
approval. The endotoxin tests are conducted by Charles River Laboratories. At the 
same time, pH will be tested to ensure that it falls in the range (6-8 for sc administration) 
stipulated by IACUC. It is expected that the osmolality will not be more than AFRRI 
IACUC's recommended levels (IACUC Policy #9: Non·pharmaceutical grade 
experimental drug formulations to be used in experimental animals). 

Blood collection : Mice will be anesthetized as described under section V.4.1 .2.1 . 
(Anesthesia). Blood draw for hematology is collected either by cardiac stick or from the 
inferior vena cava (IVC). The animals will be deeply anesthetized in tne rodent 
anesthesia machine; the tail will be pinched for reflexive movement, indicative of 
insufficient anesthesia. lf there is no response, the animal will be moved to the station 
with individual nose cone for continued anesthesia. An incision will be made on the right 
side below the abdomen of the animal, closest to the IVC, the vein exposed and blood 
withdrawn with a 23 - 25 G needle. Similarly, a 23 - 25 G needle will be u~ed to perform 
cardiac stick while the animal is positioned under nose cone anesthesia. Im bothi cases, 
the animals will be immediately euthanized on completion of blood draw by cervical 
dislocation. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

V.4.4.1.2. Non-Pharmaceutica l Grade Dru 
(0 ) 

..._~~~~~~~~~~~~~~~~~~~~~~~~~~~__. and 
will be tested at AFRRI using the current protocol (using AFRR I intramural funds for 
animal studies). The following formulations will be supplied byll51f.'rl 

r xa) I L__J 
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V.4.4.2. Biosamples Blood and tissue 

V.4.4.3. Adjuvants NIA 

V.4.4.4. Mon·oclonal Antibody (MAb) Production N/A 

V.4.4.5. Animal Identification Generally, cage cards will be used to distinguish drug· 
treated and control groups. Animals will be randomly distributed in groups. Animals will 
be identified by aar punch or tattoo at investigator's discretion. Ear punch will be 
performed as described in V .4.4.1 . 

V.4.4.6. Behavioral Studies N/A 

V.4.4.7. Other Procedures NIA 

V.4.4.8. Tissue Sharing 
V.4.4.9. Animal By-Products NIA 

V.4.5. Study Endpoint The time frame for experiment V.1. 1 (basic toxicity) will be 14 
days after final drug dose administration. The radiation survival studies will span 30 
days after radiation exposure (V.1.2). 
It is anticipated that the animals involved in these studies may succumb to death either 
due to a drug administration or radiation or a combination of the two. To maintain a 
suitable baseline for humane treatment of the animals while adhering to the study 
objective, the IACUC recommendations stipulated in IACUC policy #1 O {Guidelines for 
establishment of early endpoints in experiments with expected mortality) with some 
minor modification (as stated later in the paragraph) will be implemented for judging 
morbidity and moribundity. The moribund condition is defined as a clinically irreversible 
condition leading inevitably to death. Signs of morbidity in the mouse include difficulty in 
breathing, ruffling of hair; drying of lacrimal fluid, fall in body temperature, loss of 
appetite with/without diarrhea. A modified IACUC policy #1 O {Guidelines for 
es~ablishment of early endpoints in experiments with expected mortality) will be used to 
record the soaring of clinical signs of pain in animals (attached Appendix 1). Pl wourd 
like to change the score for the "Changes in breathing" from 3 to 2 and add an in 
between score of 6 for "Dyspnea I labored breathing;, under ''Respiratory rate". 
Description of the score 12 will be "Abdominal brea1hing/ gasping - open mouth 
breathing". Previously there was a large jump between a score of 3 (change in 
breathing) to 12 (abdominal breathing/ gasping - open mouth breathing). From the 
experience gathered from the studies performed recently, the Pl thinks by adding a 
score of 6 in between 3 and 12 would enhance efficiency of the scoring system giiving a 
fair advantage lo the study outcome. Pl will seek veterinarian's input for training the staff 
adequately to learn the suggested scoring system. 
a) Body weights will be recorded prior to radiation. 
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b) Once animals reach a cumulative score of 6, concern cards ("green cards") will be 
put up, weights will be recorded and monitored with each subsequent scoring change. 
c) Animals that exceed 35% body weight loss with any other clinical signs are scored at 
a 12 and will be euthanized immediately. 
To adhere to the policy of preventing animal distress, the Pl will facilitate the late PM 
and early AM checks (not more than 10 h apart) in addition to two times a day checks 
during the critical lethality period (early morning, late morning, and late afternoon and 
evening). During non-critical periods, we will continue to check animals except late 
night. All morbid mice will be monitored carefully and their conditions scored for 
documentation (Appendix 1, revised scoring sheet). 
Pl will use a scoring card for each animal in the critical period and scored in each 
observation. Cumulative Scores below 6 will not be recorded in the scoring sheet. Mice 
will be euthanized if there is a score of 12 in a single category or a cumulative score of 
12 in multiple categories. 
No supportive care is proposed, however, moribund animals will be immediately 
euthanized. VSD veterinarians will be consulted for all matters regarding the animal 
welfare. 

V.4.6. Euthanasia It is anticipated that at high radiation doses, animals will demonstrate 
varying degrees of morbidity and moribund, which makes it critical to define the criteria 
for euthanizing the animals without undermining the study objective. 
In toxicity studies, if any animal shows discomfort (hunching, decreased activity, 
inappetence, separation from cage-mates), that animal will be under careful observation 
on consultation with the attending VSD veterinarian. Mice found moribund (defined in 
V.4.5.) or meeting the criteria for euthanasia following a modified IACUC policy #1 O 
(Guidelines for establishment of early endpoints in experiments with expected mortality) 
(score sheet attached) will be euthanized by C02 inhalation plus confirmatory cervical 
dislocation by investigator/technician according to the directives of the VSD-SOP 
(VS0211: Rodent Euthanasia Guidelines) and in accordance with current AVMA 
Guidelines on Euthanasia (26, 27]. At the conclusion of the experimental time frame, all 
animals that survived the procedures of irradiation, drug intervention and controls, will 
be euthanized by C02 inhalatlon plus confirmatory cervical dislocation and their 
carcasses disposed of according to VSD regulations. An alternate method of euthanasia 
by cervical dislocation after exsanguination (by cardiac stick or inferior vena cava) under 
deep isoflurane anesthesia will be applied in experiment V.1.5 (see Section V.4.4.2 
Blood collection). 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations The AFRRI vivarium follows stringent protocols for 
the housing and care of all animals. The Pl and designated team members will adhere 
to all the policy and guidelines set forth by standard operating protocols of the VSD. The 
specific requirements for mice housing should meet the following criteria of opportunity 
for social interaction, opportunity to carry out normal behavior and the opportunity to 
rest and withdraw from each other [28]. Mice are social animals and hence will be 
caged together in groups of 4 or 8. Nestling pads will be provided in each cage during 
bedding changes. In cage shelters will also be provided as an enrichment strategy at 
the discretion of the Pl depending on experimental conditions. Animals will receive 

16 of 22 



Harlan Teklad Rodent Diet 8604 and water ad libifum. Acidified water (pH 2.5- 3.0) is 
routinely provided to AFRRI mice used in radiological experiments. Cages will be 
regularly changed and cleaned by VSD staff in accordance with Standard Operating 
Procedure. Animals will have 12 h light/dark cycle. Animals will be habituated to their 
surroundings and routine procedures prior to experimentation. In the event of 
procedures that last into the night cycle, care will be taken to minimize exposure to light 
by using red~lens flashlights. 

V,5.1.1 . Study Room As assigned by VSD 

V.5.1.2. Special Husbandry Provisions NIA 

V.5. 1.3. Exceptions Mioe will be socially (group) housed as described above, except 
when there is a possibility that during survival studies cage mates may be lost through 
attrition and for a period of time the sole surviving mouse may remain singly housed 
unt il the end of the 30-day study. 

V.5.2. Veterinary Medical Care We do not project routine veterinary medical care of 
animals for injuries/inflammation related to injection site inflammation. In case of minor 
injuries arising from fighting, topical application of antibiotics is acceptable with 
con.sensus from the Pl and VSD. 

V.5.2.1. Routine Veterinary Medical Care Experimental animals will be observed daily 
by either the investigator or technician or both as outlined in the Section V.4.5. Study 
Endpoint 

V.5.2.2. Emergency Veterinary Medical Care Moribund animals {gasping, 
recumbent, non·responsive to mild stimulus) will be· euthanized by trained personnel. 

V.5.3. Environmental Enrichment: The husbandry stafi provides hutches to animals 
not on active experiments whereas cotton nestlets are provided to animals on active 
experiments. 

V.5.3. 1, Enrichment Strategy Nestling pads will be provided in each cage during 
bedding changes as per AFRRl-VSD SOPs. 

V.5.3.2. Enrichment Restrictions 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

I DEGREE I I 
YRS/MOS 

NAME TRAINING DATE PROCEDURES EXP 
(b)(6) i , 3, 4b, 5 (b)lOJ 

1, 3, 4, 5 
1, 3, 4b, 5 
1, 3, 4b, 5 

1,3b,3c,4 ,5 

Prvceu~re anr;1 manipulation codes; 
Cod& 1= Animal handl'ing and eut11anasia 
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Code li= Surgery (aseptic tecliniquo) pre, and post-opeiative cine 
Code 3= lnjettiMS (3a-ip. 3b-sc, 3c-gavage) , can say 3 if trained in all 111anrpulations or add 30-lv 
Code 4 .. IBlood collection under anesth111sla {4a-cardiac. 4b-postetior vena cava) 
Code 5.a Tissue c;ollection {after euthanasia) - doesn't need to be specific 
Code 6 = lmpiantation (provide detailsf 
Code 1 • Others - ·(prc;vide protocoi spetlfl¢ manipul~tions or procedures for e.g .. retro·orbltal bleeding, tail vein injection, or drug 
delivery) 

VII. BIOHAZARDS/SAFETV All personnel working in the protocol have undergone 
necessary training in handling experimental animals. The amount of drug used will be 
small and standard safety precautions will be taken while handling them in the 
laboratory and in the vivarium. All personnel listed in the present protocol have been 
trained as general radiation users on a regular basis. All investigators and personnel will 
use appropriate protective gear while in the vivarium as described by the VSD. All listed 
pers·onnel are current in safety training and medical surveillance. 

Viii. ENCLOSURES none 
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X. A-SSURANCE.S 

Protocol Title: A novel nanoparticle oral formulation of tocotrienols as radiation 
countermeasure: a pilot study in mice, Mus rnusculus. 

As the Principal Investigator on this protocol, I acknowledge my responsibiliiies and provide 
assurances tor the following: 

.A. Animal Use; The animals authorized for use in this protocol will be used only in the aclivities and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
i m plem entatio n. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individuai who evaiuated 
tile experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules arid regulations concerning radiation protection, biosafety, recombinant issues, a1nd so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress wiil be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral. ethical and administrative obligations 
associated with the pet'formance of this animal use protocol. and I assure that all Individuals associated 
with this project will demonstrate a concern for the health, comfort. welfare, and well-being of the 
research animals. Additionaily, I pledge to conduct this study in the spirit of the fourth "A'', namely, 
"Responsibility." which the DOD has embraced for implementing animal use alternatives where feasible 
and oonductlng hwma.ne and lawful research. 

G. Sclentific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s)[l]M I AM NOT conducting biomedical experiments, which may 
pot~nti~l.ly cause more than ~oWe?rnry .~r ~ligh~ pain or ~ist.ress to a~imals. If a~plieable, po!e~ti~I. pain 
and/or d1~tress WILL I WILL _O_ be reh ved with the use of anesthetics; analgesics and/or tranqwhz:ers. 
I have considered alternatives to such procedures; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed e)(periment. 

Principal linvestigator (Printed Name) Principal Investigator (Signature) (Date) 
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Appendix 1. 
Clinical Observations with Criteria for Euthanasia (Rodent) 

Criteria: Description: Score 
Appenrance: 

Respiratmy Rate: 

Normal {smooth cout, dear eyes/nose) 
Hunched and/or fluffed 
Ocular discharge, and/or edema 
Soft stools (fec:il matter around anus) 
Pale. white mucus membranes/skin 
Blondy diarrhea 
Blue mucus membranes/skin (cyanosis)* 

Normal breathing 
Ch;rngc in breathing (an increase nr decrease in respiratory rate from normal baseline) 
Labored breathing/ Dyspnea 
Abdumin;tl brc<tlhing (gasping+/- 0pcn mul1lh br•'athing)/ Diaphrag1m1lil' bn:;ithing* 

General Behavior: 
Normal (based un baseline ubscrvatiuns) 
Stn:h.:hing of hind limhs with ahdominal motion (writhe) or grim<Kc (App.Band C) 
Dct:rcascd mubi!ity 
Ataxiu. wohhly. weak 
Inability lo sland* 

Provoked Behavior: 

Weight loss 

Normal (moves when c<ige is disturbed, runs from hand (mice) or investigates (rat)) 
Suhducd; responds lo stimulation (moves away hriskly) 
Suhdued even to stimulation (moves away 1;Jowly) 
Unresponsivc to gentle prodding 
Does not right when placed gently on side within 5 seconds* 

0-35f;f, with llll other clinical sign~ 
~35% weight loss 

"' Regardless of' score, immediately euthanize (death is imminent) 

Individual or Cumulathe Score: 
< 6 Normal 
6 - I ! Morbid: See VI. D.2 and VI .D.4 in JACUC Policy# I 0 for guidelines 
~ 12 Moribund: Notify rcsponsihle personnel immediatdy for euthanasia (if no single criteria is 12* ). 

Any single criteri:i of 12* euthunize immediately; consider as 'found de<id.' 
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PROTOCOL TITLE: Evalualion of a promising countermeasure ..... l<6_>t
4_> ______ _, 

a-s a radiation mitigator in Rhesus macaque (Macaca mulatta) 

PRINCIPAL INVESTIG,ATOR: 

Date 

It I ,.,.... __ _ 
rmed Foirces Aadiobiology Research l nstitute ._.l\6~><6~> ~~ .... 

T re1(<6><5> I fax llb><6> I 
116)(5> I 

AFRRI SCIENTIFIC RESEARCH PROTOCOL NUMBER:,_j<6_>16_> ___ ___, 

I. NON~TIECHNICAL SYNOPSIS 

The threat of a limited radiological attack on American cities (i.e. a "dirty" bomb), 
or a nuclear incident. requires the development of a radiation countermeasure capable 
ol protecting military personnel and other first responders, who might have to enter the 
scene and perform their duties for an extended period of time in a contaminated area. 
This countermeasure should have the capability of mitigating gastrointestinal and 
hematopoietic syndrome lethality in the general population. At present, there is no 
eWfective treatments for the acute radiation gastrointestinal syndrome and only two FDA
approved treatment for hematopoietic syndrome; which requires close patient 
monitoring by a highly skilled medical team that may not be available during a mass 
casualty event 

Hematopoietic syndrome usually occurs in humans with a dose between 0,7 and 
10 Gy (70 - 1000 rads) though mild symptoms may occur as low as 0.3 Gy (30 rads) and 
is accompanied by varying degrees of thrombocytopenia that depend on a number of 
factors including age and health of the individual. Hematopoietic Injury that causes death 
from nncireased risk of sepsis due to a suppressed immune system and from hemorrhagic 
events due to depletion of platelets (thrombocytopenia). As the radiation dose escalates, 
symptoms of a compromised immune and coagulation system persist, along with tne 
addition of damage to the gastrointestinal tract The impaired integrity of the 
gastrnintestinal epithelium further increases the risk of bleeding, dehydration and sepsis. 
The increase in radiation dose also involves injury to other late responding tissues such 
as lung, skin, and kidney making the situation progressively worse and less medically 
manageable, and ultimately incurable. This study wtll employ cobalt-60 y-radialion and 
uti lize the well-defined, nonhuman primate (NHP) model of drug development The first 
objective is to estimate radiation dose that will result: in 50 - 70°/o lethality for NHIPs after 
exposure to the AFRRI cobalt-60 y-radiation source while receiving minimal supportive 
care defined in our protocol as antibiotics, fluids, and analgesics whfle excluding the 
administration of blood products. This would reflect the medical management expected 
to be available in ~he field during the first few days atter a mass casualty incidence. The 
second objective is to assess thel(b)(41 I 

ltb)f4) I efficacy with and without granulocyte colony~stimulating factor 
(G-GSF) as improved survival following a lethal radiation exposure in NHPs. 
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II . BACKGROUND 

II, 1. Background 

Military and civil defense organizations have an urgent requirement for 
medically effective radiation countermeasures. Only two drugs, granulocyte-colony 
stimulating factor (G·CSF) and pegylated G·CSF, have been cleared by the FDA as a 
treatment for the hematopoietic acute radiation synd rome (ARS). Another molecule, 

l[o){4) ~isplays promise as a rad i at io~ c~untermeasure IM<4) 
the countermeasure that is being evaluated in this study, is a (oJ() I 

l(o)i4> lhas shown multiple potential radioprotective effects in more than 
one vertebrate animal model. Its therapeutic benefits in preventing ARS appear to be a 
result of its ability to maintain hematopoietic cell viability [1 ], prevent apoptosis of 
irradiated bone marrow cells [2]1 cause expansion of the primitive progenitor population 
in combination with other cytokines [2, 3J, enhance in vivo platelet and erythroid 
recovery following irradiation [4). reduce expression of endothelial adhesion proteins [5, 
6J, modulate platelet interactions with vascular endothelium [5, 7-9], prevent formation 
ot petechiae, thrombin and microangiopathies [4 , 5, 10-13], reduce fibrinogen and 
endotoxln levels [5]. and enhance bone marrow hematopoietic cell mobilization into 
peripheral blood (14]. 

appears to play an important role in modulating 
..._,_~~---..,,....-....,...-~-,-~-=~..,.........,---' 

the cascade of events resulting in improved survival and reduced morbidity through 
direct interactions at multip le si~uding vascular endothelial cells, bone marrow, 
and platelets. Administration of~ at 4, 6 or 24 h after exposure to lethal radiation 
increased s~nd ameliorated radiation induced toxicity in the mouse, rat, and 
canine and,L:...._Jncreased survival in NHP model (see Table 3). The mechanisms by 
which~xerts its protective efiects have not been fully characterized, but as 
summarized above, it has been shown tha~(OX4> !exerts a broad range of. __ _ 
pharmacological effects. Figure 1 il lustrates potential pathway~ic~(b)(") I 
increases survival in animal models of ARS. Administration of~after irradiation 
acts through its receptor, c-MPL. which is expressed on multiple cell types including 
primitive hematopoietic progenitors, megakar oc tes, platelets and endothelial cells. 
Thus apart from restoring platelet production, (bl(

4
l may prevent radiation-induced 

vascular dami1t)t j number of sensitive tissues and may enable improved production 
o~ endogenou by the irradiated liver. 
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Figure 1: Schematic diagram Illustrating the pathways by whlct{b)(J} lmay Increase survival and 
reduce morbidity associated with ARS (original creation). 

Data showing the impact of fb}<4i Ion overall survival and in reducing morbidity are 
described in the sections that follow. 

Toxicity and pharmacokinetic studies: A single intravenous (iv) dose o' (b}(4I 1(30 to 
300 µg/kg) resulted in an increased platelet count in rats that reached l~>lJ?axrum after 6 
days and returned to baseline after 12 days. The pharmacakinetics of ( were 
evaluated in studies conducted in rats, rabbits. and canines after single-dose iv 
administration, and in studies conducted in rats or canines after multiple'i:lose (once· 
daily or twice-daily) iv or subcutaneous (sc} administration. The half'-lite (tm} ot1L..<

6
_>ca_i _ __, 

after single or repeat-dose iv administration was between 8 to 31 h in rats, -26 to -36 h 
in rabbits, and 18 to 56 h in canines, The long t,12otli6!<4l lin canines corresponded ta a 
... ranee (CL). In all species, the volume of distribution was low, indicating that 
L:._Jesides primarily in the vascular compartment. 

The toxicity ofl(b)<4> ~as evaluated after a single Iv dose (3 mg/kg) in rats, daily 
iv doses (0.3 rtig/kg/day) for 1 week in rats and canines, weekly iv or sc doses (0.3 
mg/kg/wk) 1for 4 weeks in rats and canines, and weekly iv doses (0.3 mg/kg/wk) for 13 
and 26 weeks in rats and 13 and 39 weeks in canines. The main findings were increased 
megakaryocytes in spleen and bone marrow, platelet counts , and mean platelet volume, 
which were dose-related in rats and canines, increased spleen weights in rats, and 
increased intravascular platelets in the lung vasculature of canines (13- and 39-week 
study}. These findings were considered to be expected pharmacologic responses. Bone 
marrow fibrosis and hyperostosls (new bone formation) observed in rats (only in the 1-
week and 4-week studies), but not canines, were considered secondary to exaggerated 
pharmacologic responses. All findings were reversible. In addition, there were no 
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antibodies tollb)(a) ~etected in rats or canines given weekly iv doses for up to 26 and 
39 weeks, respectively. or weekly sc doses for 4 weeks. 

fb)(4) I was negative for genotoxicity, In iv and sc studies evaluating immunogenic 
potential in mi week! dosesi and rats twice weekly doses). no antibodies 
against the (Dl< 1 ere detected with no cross reactivity 
with endogenou > Similarly, antibodies were not detected in the 4-week iv 
and sc (weekly doses) toxicity studies in rats and canines. 

Mouse Survival Data:FX4
> lwas administered by sc injection to mice 6 

and 24 h after exposure to an LDsol3o or LD70;30 total body dose of y-radiation from a 
137Cs source. Each treatment group had 10 males and 10 females (total of 20 animals). 
Survival was monitored for 30 d. Whenl<6>14) lwas administered 6 h after an LDso130 or 
LD10t3o dose of radiation. mice were completely protected (100% survival) agairnst letha~ 
radiation (Figure 2). When administered 24 h after an LDso/30 aose of radiation, 90% 
~I was ob~e~ved, compared with 75% in the vehicle.tr~ated control ~roup. When 
E:...._Jwas adm1n1stered 24 h after an LD70130 dose of rad1at1on, 75% survival was 
observed, compared with 55% survival in the vehicle treated control group. 

lO 

10 

0 

..,....776CA24hr 

o 2 • 6 a 10 12 14 11 1s 20 22 2-4 26 2s 30 

Days Post·lrradtatlon 

20 

10 

0 

-<>- 796 TA 6hr 

-0- 796 TA 2'4hr 

....-796 CA 2Ahr 

0 2 4 6 8 10 " 14 16 ,. 2.0 22 24 26 28 30 

Days Post~rradlation 

Figure 2. Survival of mice (n = 20) treated withjlbl(4J lor vehicle (CA) following two d'oses 
levels of leth!I total t:iody exposure to v-tadiation (776 cGy - Left Figure ahd or 796 cGy - Right 
Figure}. 

Using the same manufacturing batch that will be used in the proposed Nl=IP 
studies. an additional acute radiation study was recently conducted at AFRAI in a 
different strain of mice (12-14 week old CD2F1 male mice) that were exposed to 6°Co 
TBI (9.3 ~!30, 6 Gy/min). Mice were administered a single injection (300 or 1,000 
µg/kg) ott:::......Jsc, prior to irradiation, 4 and 24 h post-irradiation. Post-irradiation 
survival was monitored for 30 d. A statistically significant survival bene1it was observed in 
all groups that receivecfb'i(4) l(at 24 h; 71 % survival for 300 µg/kgl(b)<4> l79li/o survival 
for 1.000 µg/kd\6><

4
> lversus 29% survival of saline group, (log rank test p = 0.0013). 
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Figure 3: Survival of mice (n = 24) treated wm,l{b\(4) lat two doses levels (0.3 and 1 mg) or vehicle 
of ~ethal total body exposure to radiation (9.3 Gy - 6°Co TBI) 

The positive and rapid onset of activity observed fo~(6H4) brug substances in this initial 
screening in mice warrants further evaluation in the large animal rnodel. These resu~ts 
are consistent with those obtained with recombinant human~in the NHP model. 

Rat :Pilot Radiation Study:l<6>14> ~as administered sc to female rats (n = 8) at 6 or 24 
h aft~r exposure to an. LD7?130 TBI do~e of y-r~diation (Gam~acell 3000 irrad iatjfc~ia> I 
Survival was substantmlly increased 1n the anrmals that received 3 000 µg/kg of 
compared with animals hat received vehicle or 30 µg/kg of (bl<4> (Figure 4). Survival of 
anima!s receiving (bl(4l at 6 and 24 h post·irradiation are s1m1 ar ut both are 
significantly higher than that of rats receivingl(b)l4> I at 48 h post-irradiation. 

Percent survival In Ramstere<I a 
s ingle J~OO ugkg.oose or r _Veh1cle at 

D11ferent Times P~st rra 1ation 
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100..._ ___ "P'I--~ 

ours 

7ii 

93 
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l: 50 .. 
= ~ Q.. 33 

20 
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48 hou rs 
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0+--~---.---~-~-~-~ 

0 10 16 20 26 30 

Days 

Per<:ent S~n Rills Administered., 
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Figure 4. Pilot survival study in rats (n = 8) treated with escalating single doses of l{~l<4> h I 
admintstered at 6, 24 or 48 h or vehicle following lethal totai body exposure to 7·radiation. n t e 
lefit panel only the 24 h control data has been plotted for clarity. All controls for other time points (6 
hand 48 h) had similar survivors. 
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known to be less sensitive to the platelet elevating effects ofl(b){4) Fompared to other 
species. Results are presented in Table 1 and Figure 5. 

Table 1. Etfects following a single 10 mg/kg dose o~or vehicle administered to canine 24 h after total 
body radiation exposure. 

Endpoint Vehicle F6){4) ftreated 
Mortality 
Mean survival time (days) 
Diarrhea 
Blood transfusions 
Severe neutropenia duration (days) 
Neutropenia nadir 
Days of febrile reutropenia 
Mild to severo homatopoietic bone marrow hypocellularity 
Mild to moderate nocrohomorrhagic bronchioalvaolar or 
minimal subacute bronchioalveolar inflammation 
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9M2 TI12 
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2.25/animal 1.25/animal 

8.3 5.4 
0.02 x 109fl 0.09 x 109fl 

50 

2.92 1.08 
10/12 6/12 
10/12 6(12 

" O 

__ ,.,t1d• 
o ai;el 

Figure 5. Time course of platolet concentrations following TBI in canines administered a slngle sc dose of 
saline vehicle or 10 mglkgfb)(4) 124 h aher irradiation (n=12, 2.7 Gy). 

NHP Oat.a with NHPs were ex osed to 7 G of -
radiation and then a m1n1stere ve 1c e, (b) 

1...-~~~~~~~~~~~~~~~--' 

< >
4
> 10 µg/kg) scat 0.5 and 24 di~Pist-ra1diation . Blood 

trans usrions were administered to a.II treatment groups excep As shown in Table 
2 and Figure 6ltb)(a) !treatment significantly promoted hematopoiesis recovery, 
improved the quality of life and additionally simplified supportive care in ARS rhesus 
monkeys (15). 

Table 2. Survival and selected clinical observations following T81 to NHP. 
Gruup Nu. of No. ufSurviv~ I Average No. Of No.ul' Tr.rn' fu ~ion Highc;.1 

/\ni11mls Animuls LJ:iyg to Ml1rt:di1y Animuls wi1h Volume<ml) Hody T"mµ 
Fever 1° c ) 

IR = Vehiek (> '2 IY.'1±1 .7 (\ IJ'i ± 40.4 

(b)(4) 
31.S** 

6 5 17 .0 :?. 121)± 40.7 
37.9 .. 

(I Ci () 39.S 
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Rhesus macaques followed by eithet< )(4) t10 J,lg/kg) scat 
0.5 and 24 h post-radiation. 

Differences in potency resulting in platelet count elevation arnc:mgst species 
TheP>(4l l dose requ ired to achieve maximal platelet elevation in humans, mice, rats, 
canines and rhesus macaques is shown in Figure 7. The dose required to achieve a 2'-3-
folci elevation in humans is -100-told lower compared 1o mice, - 1,000-fold lower 
compared to rats and >10,000-fold lower compared to canines and NHPs. The· maximum 
platelet elevation was greater than 3~fold for all species except canine is the· least in 
which the maximum platelet elevation was .... 1.7 fold, suggesting that the canine is the 
least responsive speciejib) zjiguf e 8 shows the platelet elevation in NHPs vs, time 
following a single dose of < at 0.5 2 1 o 20 or 40 mg/kg. The species differences in 
potency has been described for other CbX4

) in the literature and is attributedl to 
differences in receptor affinity espite t e ifferences in dose, there is clear 
evidence that comparable maximum platelet response are observed in some species 
with(tb)(4) I 
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[M I 

Clinical studies:f6><
4
> lhas been investigated in two human studies. The safety, 

tolerability, pharmacokinetics, and plarm5odynamics of single ascending iv doses of 
0.375, 0.75, 1.5, 2.25, and 3.0 µg/kg (bl<

4> administered to 40 healthy men were 
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evaluated in the tirst clinical study llr:>xe) land it was found to be safe and well 
tolerated. In thelib)(&i lstudy conducted in subjects with cancer treated with platinum
basect chemotherapy, results of analysis of platelet counts in subjects who received 

1(1;){4) ~t the 2.25 and 3.0 µg/kg dose levels indicated a reduction in chemotherapy· 
induc~d de~line in P~Poftelets l ~nd a faster recovery relative to pla.cebo. suggesting 
potential efficacy fo 0 4

> ifl the prevention of chemotherapy-induaed 
thrombocytopenia. 

Justification of dose for NHP study 

A 30 mg/kg dose ofl<bJ(4l lis proposed for this Nl=IP whole body irradiation study' and it is 
b'.ased oin different activities betwee~(b)(4l I This dose is justified based 
on plateiet elevation in unirradiated animals and survival data fol lowing whole body 
irradiation (see above), In these studiesi do.ses that produce a minimum of 3 fold 
increases in platelet's concentrations in unirradiated animals appear to consistently 
produce a survival benefit In irradiated animals (Table 3). Where survival benefit has 
been demons~rated l(b)M !administration. there is also an estimate o{ .... 3 fold] 
change in platelet concentration, A 30 mg/kg dose of~in Rhesus macaques is 
expected to increase platelet concentrations 3.3 fold 'oriFiefJaseline (Figure 8), The 
difference in the magnitude of the dose fo~ib)(~l k0.02 mglk : com ared to the 

osed dose of 30 m /k for b) 1 in NHPs is a result of \b 4l 

Because of its 

~""""-----"'"""'== ............. ~~~~~...._.,..h ... a ..... v .... e._.b .... e~e-.:..;n described for othe~,_<6_x41_> _ _, 

Nevertheless, despite the 
,__ ________________________________________ __. 

substanltial species differences in do~red for platelet elevation, there is enhanced 
survival in mice and rats treated with~at these doses. 

Taken together these datifispecifically data from NHP studies) support the 
hypothesis that administration o <

4 at a dose of 30 mg/kg will provide a survival 
benefit in this study. The platelet response tol(b)ll) la1 30 mg/kg .in. non-~ed NHPs 
will be verified in an initial study before comparing the NHP res onse to~ after 
irradiation and before studies to assess a survival benefit. The <bK4 esponse may be. 
diminished in irradiated animals compared to non-irradiated NHPs due to the depletion of 
hematopoietic progenitors caused by radiation exposure. 

l'a'ble 3: Sununaty of survival results forl(bX4l ~nd vehicle treated animals at difterent time 
po~nts post irradiation in animal models of AAS aM corresponding elevations of platelets at the 
do·ses irndicated in unirradiated animals. 

Maximum 

Drug f'l:1tcle1 
Elevation kadintlon 

Dose 
Administration 

In Non- Survival Survival 
Sptoeks Slrain I) Oosc Drug 

lmt,:fkg) 
Time Rclmivc 

lrradhi.tcd Trelltmc11t Vehidc Rl!f# 
(Gy) lo Irradiation 

(Honrs> 
An.imali; 

(fold 
incre:ise) 

Mouse C57BU6 20 7.76 \0)(4) OJ 6 J.9 l00% 75% ;J 

M11usc C57Bl.f(1 20 7.76 ru 2-4 3.9 90'/i' 75% :1 

Mnuse C57Bt/6 20 7.96 OJ 6 ·'.tJ l<)OC;r 55'ffo a 
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-

M LIUSI) C57BU6 20 7.96 \U)\~) 0.3 :?.J ,,,9 75% 5)'i11 a 

Mnusc CD2F I 24 lJ.25 IU =24 3.9 iB~· 3i!"h ' h 

Mouse C'P2f I N 9.25 lU 4 3.9 &8% 29% h 

Mu use CD2F I 24 '1.25 03 2<1 3.lJ 55% 5S% h 

Mnusil CD2FI 24 9.3 0.3 24 3.9 71<'.f. 29% h 

Mm1sc cm.r1 24 t./,J I 24 ·U 79% 2'>% c 
- -· - - -- - -- - -

Rm SD 8 7.1-1 0.3 6 1.7 25% 25% cl 

Rm SD 16 7.1-1 3 6 3.2 !!8~ 25% d 

Rat SD !'\ 7.1'1 0.3 24 1.7 25'11· 25'!!1 J 

Rm SD 16 7.1-1 3 24 3.2 69f!,, 25% d 

Rat SD s 7.14 0 . .1 48 1.7 50% 25qn d 

Rat So l6 7.1-l- 3 4!:1 u 38% 25% ll 

Dog Bt!agh.~ 12 2.7 Ii) 24 1.7 58(~, 25'h· c 

NHP Rh1::su~ 6 7 fl.O:! 0.5 and 24 3 I (llio/c 33lfl> f;g 

It is important to note that platelet elevation (fold increase) data (PD} have come from 
inde1Pendent experiments with unirradiated animals (as mentioned in Table· 3, column 8 
heading) and survival data are from irradiated animal experiments (study source 
referred) . 

.11.2. tLlte:rature Search for Dupllcatlon 

11.2.1. Literature Sour.ces Searched 

PubMed: United States National Library of Medicine 
FEDRIP: Federal Research in Progress Database 
DTIC: Defense Technical Information Center 

11.2.2. Date of Search: 10/22/2015 to 10/30/2015 

11.2.3. Pe1riod of Search 

PubMed: 1965 - 2015 
FEDRIP: 1992 - 2015 
DTIC: 1986-2015 
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11.2.4. Key Words of Search Please see table below. 

Literature Search for Duplication 
# Keywords of Search Literature Sources and Periods of search 

DTIC: 1986- PubMed : FEDRIP: 1992 
2015 1965 - - 2015 

2015 
Results of Search 

1 Thromboooietin 88 4253 23 
2 [0)(4 ) 3 94 1 ,_ 
3 71 9 0 ,__ 
4 
'-

3 99 0 
5 0 2 0 
6 Thrombopoietin and radiation 45 173 3 
7 Thrombopoietin and acute radiation 30 10 0 

syndrome 
8 (b)(4) nd 1 5 1 

rad1at1on 
9 1(0)(4) land 0 79 0 

primates 
10 (b}(4} land 0 3 0 

radiation and orimates 
11 ROJl4J land acute 1 0 0 

radiation syndrome 
12 (b){4) land 0 1 0 

radiation countermeasure 
13 iDX4) land 0 61 1 

thrombocvtooenia 
14 \IJ/(4) land 1 1 0 

radiation and hematoooietic iniurv 
15 (0)(4) land GI 1 0 0 

syndrome 
16 l0)(4) end G- 1 1 1 

CSF and radiation 
17 1(0)(4) land 0 0 Q 

radioorotection 
18 b)(4) land 2 25 1 

hematopoietic cells 
19 ILDl\'1) and primates 2 2 0 ,__ 
20 and radiation 22 1 0 ,____ 
21 and radiation and primates 0 0 0 
22 and acute radiation 1 0 0 

svndr_orne 
23 1 0)(4 ) and rad iation 4 0 0 

countermeasure 
24 ,_ 

(0)(4) and thrombocvtooenia 0 1 0 
25 and radiation and 0 0 0 

hematoooietic iniurv 
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26 lU/l'I/ ~nd GI syndrome 
~ 

27 ~nd G-CSF and radiation 
I-

28 and radioprotection 
29 ~nd hematopoietic cells 
30 
I-

and primates 
31 and radiation 
I-

and radiation and primates 32 
33 and acute radiation 

svndrome 
34 (b)(4) t;\nd radiation 

countermeasure 
35 ,_ (UJ\'I) and thrombocvtopenia 
36 and radiation and 

hematoooietic iniur:v 
37 ,_ 

,0){4) and GI svndrome 
38 ,_ and G-CSF and radiation 
39 

>-----
and radioor-otection 

40 ~md hematopofetic cells 
41 l0)l4J and radiation 
42 
I-

and primates 
43 and radiation and 

primates 
44 1 (u1v~ J and acute radiation 

svndrome 
45 1 0)(4) and radiation 

countermeasure 
46 1 (UJ\'1) and hematopoietic 

cells 

11.2.5. Results of Search 

Summary of Results 

2 0 0 
0 0 0 
0 0 0 
0 0 0 
0 87 a 
0 6 0 
0 4 0 
0 1 0 

0 0 0 

0 52 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
3 36 0 
0 0 0 
0 2 0 
0 0 0 

0 0 0 

0 0 0 

0 2 0 

SeyeraJ studjes haye been conpucted using otherfbH4
> I 

main1~<b>(4> f but mostly for chronic immune thrombocytooenfa 
or tlhrombocytopenia induced by liver disease or chemotherapy. Administrations o~<bJ<4) 

l{b)(4J. . , . , . lre.-su. lted in ad~ersiefteotsjn olinical~rials . hpwever w"-·e-,i'i-e-; __, 
successful at increasing plat·elet concentrat1ons{ b){4} ... L I 

1(6)(4) have been successful in the clinic for treat1 ng id1opath1c t rombocytoperna 
purpura and are FDA approved for these indications. 

The safety and pharmacokinetics (PK)/pharmacodynamics (PD) otE::)in 
humans has been evaluated in healthy human volunteers. Platelet levels m patients 
treated withl<l'.>>(4> !showed dose-related elevation as compared to results with placebo. 
The pharmacokinetic profile was characterized for doses of 2.5 and 3.0 µg/kg, although 
the dose relationship could not be fully elucidated.The two highest doses 
otl<b>{4) !appeared to increase burst-forming units-erythro(d and colony-forming unit 
counts, indijca~ing some effects on progenitor lineagesJlbR4

> lwas well tolerated, with 
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no evidence of antibody formation in this single-dose study. A non-clinical safety 
assessment of f6)(4} lwas completed in rats. dogs and rabbit model. 

111. OBJECTIVE I HYPOTHESIS 

The first objective is to define a dose level that is determined to be close to the 
LDso-10 for NHPs after exposure to the cobalt-60 y-radlation while receiving minimal 
supportive care including antibiotics. fluids and analgesics. The second objective is to 
assess the,b!14l !efficacy with and without G-CSF as improved survival following a 
lethal radiation exposure in NHPs. This study is to investigate the beneficial effects of 
radiation countermeasures such asl(b)(4-J Heither alone or in combination with G-CSF) 
as measured by significant increase in 60-day post-irradiation survival when the drug 
administered post-irradiation (as a radiomitigator) in an NHP model with minimal 
supportive care (antibiotics. fluid, analgesics), This study also includes studying 
hematopoletic recovery including neutrophil and platelet protif es, mean survival time 
(MST), incidence of febrile neutropenia, thrombocytopenia, infection, and 
incidence/severity of diarrhea in NHPs. 

To achieve the above objective, we need to determine the radiation doses close 
to estimated LDso-?o value of cobalt 60 y-radiation source for NHPs under minimal 
suppo1rtive care. Though experiments have been performed in the past for evaluation of 
various radiation countermeasures without any supportive care using historic values 
from other institutions, the level of lethality for cobalt-60 source at our institute has not 
been determined under minimal supportive care as mentioned above. This objective is 
necessary before proceeding to an efficacy study with the proposed radiation 
countermeasure. In addition, to use an appropriate drug dose in the efficacy study, PD 
of the drug need to be evaluated. Hence, we will be investigating PD of the 
countermeasure in both non-irradiated and irradiated NHPs before proceeding to the 
efficacy study. 

We hypothesize tha~(bJ(4} l(alone or in combination with any additional 
countermeasure used in this study) will be an effective radiation countermeasure in 
NHPs and administration of this agent post-irradiation will enhance survival over and 
above the protection provided by the vehicle control group with rninimal supportive care, 

IV. MILITARY RELEVANCE 

The search for treatments to counter potentially lethal radiation injury has been 
underway for the past several decades, resulting in multiple classes of radiation 
countermeasures. However, to date only G&CSF and pegylated G-CSF have been 
approved by the US FDA for the treatment of neutropenia associated with acute 
radiation syndrome (AAS). Though G-CSF has already been procured, along with GM
CSF, for the strategic national stockpile for use in a radiological emergency [16), the 
adverse consequences of G-CSF (exacerbation of long-term stem cell damage through 
excessive differentiation stimulation, exacerbates delayed lung damage in animal model 
of AAS) wh ich need to be taken into consideration. Thus there is a need for developing 
additional radiation countermeasures 10 address thrombocytopenia associated with 
AAS. Follow-on studies may be needed to address the potential interaction with or 
synergism with concomitant G~CSF administration. 
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The problem has become more acute in recent times due to the unpredictable 
nature of terrorist attacks. Recognizing this urgent need, the U.S. Department of 
Defense lhas assigned top priority to the "development of medical countermeasures to 
radiation exposure" against both early and late arising health effects. The current 
proPQsed studies are conducted with interagency collaboration and funding support 
f roml16)<4> J These 
concerns imply the urgent need to develop an appropriate countermeasure or radiation 
injuries potentially sustained by troops during combat operations and enable 
commanders to make judicious decisions in troop deployment. There are several drugs 
at different stages of development. This study will perform essential research and 
development of promising radiation countermeasures for potential injuries sustained by 
military personnel who have been exposed to ionizing radiation. 

V. MATERIALS AND METHODS 

V .1. Experimental Design and General Procedures 

We propose to carry out the following experiments to estimate the LDso-7o value 
of cobalt-60 y-radi~ti~? in NHPs receiving minimal supportive care (antibiotics, fluid , and 
analgesics) and to_ b)( Halone or in combination with G-CSF). 

V .1.1. Experiment 1: Determination of estimated radiation dose that will resuH in 
50. 70% lethality in a minimal supportive care (antibiotics, fluid, and analgesics) 
NHP model 

A recent publication suggests that a lethality curve of NHPs exposed to various 
qualities of radiation (with and without supportive care) has only been determined to a 
limited extent (19]. To the best of our Knowledge, there is no published report detailing 
e·ither a full lethality curve or LDsotso value of NHPs receiving cobalt-60 y-radiation and 
minimal supportive care (antibiotics, fluid, and analgesics). 

Based on extensive discussion with the statistician, we propose to use two 
different doses of radiation (7.0 Gy and 7.4Gy) with 1 O NHPs in each group. It is 
important to note that we have recently conducted an experiment using 7.2 Gy in 16 
NHPs receiving exactly the same supportive care proposed in the current protocol 
resulting in 43% mortality within 60 days post-irradiation. Data of this study along with 
data resulting from two additional doses of radiation proposed in this protocol will be 
used to estimated radiation dose that will result in 50 ~ 70% lethality. 

Table 4. Blood sample collection for LDso-7o estimation study 

Time In relation Blood 
to Irradiation 

CBC Biochemistry Total blood 
!J.Sml 0.5ml ml 

-7 d + + 1.0 
·4 d + + 1.0 
·1 d + 
Od 

(Irradiation) 

1 d + + 1.0 
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4d + + 1.0 
7d 4- 0.5 
10 d + + 1.0 
13 d + 0.5 
19 d + + 1.0 
25 d + 0.5 
31 d + + 1.0 -

38 d + 0.5 
45 d + + 1.0 
52 d + 0.5 
60 d + + 1.0 

We will be well within the acceptable published blood collection volumes [20] that 
are followed at AFRRI. According to these guidelines 1% blood (2.8 ml per day for 4 kg 
NHP - the minimum body weight of NHPs in this experiment) can be withdrawn every 24 
h. Up to 1 Oo/o of circulating blood volume can be drawn in a single day repeated every 3-
4 weeks. For the entire span of the study, the total b lood volume drawn will be welll below 
the recommended maximum limits as outlined in section V.4.4.2 Biosamples. 

v .1.2. Expetirnent 2: Determinatic>n of pharmacodynamics of 116R4J •n sham 
irradiated and irradiated NHPs 

One 30 mg/kg d~ mg/ml in 0.9°/o saline solution administered at a dose 
volume of 1.5 ml/kg) of~will be tested in four NHPs for PD. Th~(b)(4) ]will be 
administered sc (dorsal scapular region - midl ine, injection details under section V.4.4. 1. 
Injections} 24 h after sham irradiation to factor in relevant stress in the hematopoietic 
parameters. Blood samples for PD (CBC- platelet counts) will be collected as shown in 
the table given below and as outlined in section V.4.4.2 Biosamples. Each animal will be 
observed twice daily by Veterinary Science DepartmenVresearch staff for evidence of 
pain or distress. Hematology and body temperature will be monitored throughout the 
study. Body temperature via implanted microchips, blood pressure via arm cut/Doppler, 
body weights and pulse will be taken at the time of each blood collection. 

Table 5. Blood sample collection for PD study with sham irradiation 

Tlme in relation to CBC (0.5 ml) Total vol (ml) 
drua iniection 

-7 d + 0.5 
• 4 d + 0.5 
- 1 d + 0.5 
O d (Sham 
irradiation. O Gy) 
1 d + 0.5 
3 d + 0.5 
6d + 0.5 
9d + 0.5 
12 d + 0.5 - -
18 d + 0.5 
24d + 0.5 
30 d + 0.5 

For the entire span of the study, the total blood drawn will be well below the 
recommended maximum limits [20]. 
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After a 30 d or more wash~out period, the same four animals will be used to 
determine PD of!CbXj> I in an irra_diated model. NHPs will be irra~iate~ ~ith ~.2 Gy and 
one dose of b>14> (30 mg/kg) will be administered sc 24 h after 1rrad1at1on. Blood 
samples for PD (CBC ~ platelet count) will be collected as shown In Table 6 given 
below. 

Table 6. Blood sample collection for PD study with irradiation 
-

Time in relation to CBC (0.5 ml) Total vol (ml) 
irradiation 

- 7 d + 0.5 
-4 d + 0.5 
-1 d + 0.5 
0 d (Irradiation} 
1d + 0.5 
3d + 0.5 . -
6d + 0.5 
9d + 0.5 
12d + 0.5 
18d + 0.5 
24 d + 0.5 
30 d + 0.5 

For the entire span of the study, tile total blood volume drawn will be well below 
the recommended maximum limits [20] as outlined in section V.4.4.2 Biosamples. 

V .1.3. Experiment 3: Investigate the radiomitigative efficacy otl(6)(4> I in a pilot 
study in NHPs 

The radiomitigative potential ofl<6x4) lwill be evaluated in irradiated NHPs. Based 
on the results from Experiment 1, we will be targeting a radiation exposure dose that will 
contribute to a lethality rate between 50 - 70% (not above 8 Gy). Once the value is 
determined, Pl will provide a memorandum to the IACUC notifying them of the radiation 
dose that will be used for the drug efficacy stud~eriment 3 and Experiment 4). 
We wUI be irradiating 16 animals (8 animals fo~using 30 mg/kg and 8 animals for 
control using an equal volume of normal saline) first with both groups injected sc 24 h 
after frradiation as outlined in section V.4.4.1 . Injections. This will be repeated once (for a 
total of two iterations using a total of 32 animals) to assess reproducibility. Here outr 
interest is to develop a radiation countermeasure that is effective when administered 24 
h after radiation exposure, the assumed time frame required to make radiation 
countermeasures available to victims in the event of mass casualty scenario. Blood 
samples will be collected as presented in Table 7 as outlined in section V.4.4.2 
Bi?sam~les . This is the pilot phase of the multiyear i nteragency agreement b~ 

lt6><
4 and AFRRI. We will be irradiating 16 animals (8 for control and 8 for t'.:._J first. 

Table 7. Blood sample collection forfb>c4) lp ilot efficacy study 

Blood 

Time ih relation lo 
irradiation 

GBG Biochemistry Total blood 
0.5 ml 0.5ml ml 
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.7 d + + 1.0 
·4 d + + 1.0 -

-1 d + + 1.0 

0 d (Irradiation) 

1 d {drug 
+ + 1.0 administration) 

4d + + 1.0 
7 d + 0.5 
10 d + + 1.0 
13 d + 0.5 
19 d + + 1.0 
25d + 0.5 
31 d + + 1.0 
38d + 0.5 
45d + + 1.0 
52d + 0.5 
60d + + 1.0 -

For the e:nt1ire span of the study, the total blood volume drawn will be well below the 
recommended maximum limits [20]. 

V .1.4. Experiment 4: Investigate the radiomitigative efficacy of 1<6>14> I with and 
without G-CSF (standard of care) in NHPs 

After evaluating the efficacy ofl<t>J<4
> lin a pilot study (experiment 3), f6><

4
> lwm 

be evaluated with and without G-CSF, the current standard of care, usin~ a larfier 
sam~~~>sizj' There wil l be four groups (Vehicle coT~WJ><nymal saline)J(b 

4
1 . G~CSF, 

and + G-CSF) with 20 NHPs in each group. < will be administered sc (30 
mg/kg) 24 hatter irradiation (injection details under section V.4.4.1. Injections). 

The US FDA recently approved G-CSF (Neupogen/filgrastim) for the treatme.nt of 
rad~ation-induced myelosuppression (hematopoietic acute radiation syndrome) in 
patients following a radiological/nuclear incident [21). The route, dose, and schedule of 
G·CSF administration in this study is based on the currently licensed indication and the 
recent publication demonstrating its efficacy in irradiated NHPs [22, 23]. G-CSF { 1 O 
µg/kg/d) wiH be administered sc at 24 h after irradiation and then daily until the ANC 
~ 11000hd for 3 consecutive days or if at any time the ANC is~ 10 ,000/~11. If at any po~nt 
the ANC falls <500/µI again, daily injections will be re initiated the same day and 
continued until the ANC is 2, 1,000/ ~11for3 consecutive days . 

Table 8. Blood sample collection forfbl(4> !efficacy study in combination with G·CSf, 
standard of care 

Blciod 

Time in refation to 
irradiation 

CBC Biochemistry Total blood 
0.5 ml 0.5ml ml 

-7 d + + 1.0 
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-4 d + + 1.0 
-1 d + + 1.0 

o d (Irradiation) 

1 d (drug 
+ 0.5 administration) 

4d + + 1.0 
7d + 0.5 
10 d + + 1.0 
13 d + 0.5 
19 d + + 1.0 
25 d + 0.5 
31 d + + 1.0 
38 d + 0.5 
45 d + + 1.0 
52 d + 0.5 
60 d + + 1.0 

For the entire span of the study, the total blood volume drawn will be well below the 
recommended maximum limits [20] as outlined in section V.4.4.2 Biosamples. 

Experiment 4 will be conducted as proposed if the survival benefit of the drug in 
experiment 3 is at least 25%, even if the benefit does not reach statistical significance. If 
the survival benefit is < 25%, we will contact IACUC and discuss the matter to take 
decision about experiment 4. The proposed sample size is based on an expected 
survival advantage of 45% (which is conservative, but we expect that a recalculation of 
sample size based on the results of experiment 3 may allow a smaller sample size in 
expt 4). We have no way to estimate the survival advantage before doing the experiment 
as this is the first experiment with combination of these drugs. NHPs will be irradiated in 
a minimum of, but not limited to, 4 cohorts, based on existing situation. 

V .2. Data Analysis 

For experiment 1 , the LDso-10 will be estimated. The proposed sample size ( 1 O per 
group at 7.0 and 7.4 Gy, to be analyzed with existing data on 16 animals at 7.2 Gy) will 
yield a 95% confidence interval for the LD5o/6o with an expected width of 0.4 Gy, 
assuming mortality is less than 50% at 7.0 Gy and between 50-70% at 7.4 Gy. The 
likelihood of a confidence interval wider than 0.6 Gy is about 5°/o. Estimates are based 
on simulating 500 random data sets with the above probabilities and sample sizes and 
estimating a probit model for each. 

For experiment 2, statistical analyses will be primarily descriptive. Data may be 
compared over time using paired t-tests or repeated measures ANOVA as appropriate. 
A sample size of 4 animals will have 80% power to detect a difference of 2 standard 
deviations between time points or conditions if the within-subject correlation is 0.6, based 
on a paired Mest with 5%, two-sided significance level. 

For experiment 3, survival will be described using Kaplan-Meier curves and 
compared between groups using the log rank test. If 60 day survival is 50% in the control 
group and 99% in the treated group, a sample size of 16 for each of the two groups will 
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have 80% power to detect a significant difference based on a log rank test with 5%, two
sided significance level. 

For experiments 4, survival will be described using Kaplan-Meier curves and 
compared between groups using the log rank test If survival is 50% in the control group 
and 95% in the comparison group, a sample size of 20 for each of the two groups will 
have 80% power to detect significant differences based on a log rank test with 5% two
sided significance level. The expected survival wi ll be higher for the grou receiving the 

l(bl<4l land G-CSF combination compared to group administered onlyL--(4_> _ _. 

For additional parameters (blood components and blood biochemistry), data mean 
values with standard errors (when applicable) will be reported. Independent samples t
tests or analysis of variance (ANOVA) will be used to detect if there are significant 
differences between experimental groups. All statistical tests will be two-sided, with a 5% 
significance level. Statistical software SPSS version 22 (IBM, Armonk, NY, USA) and 
GraphPad Prism 5 (Graph Pad Software, Inc., La Jolla, CA, USA) will be used for 
analyses. A sample size of 10 per group (experiment 1) will have 80% power to detect 
differences of 1.3 standard deviations between groups, and a sample size of 16-20 
NHPs per group (experiments 3 and 4) will have 80% power to detect differences of 
approximately 1 standard deviation between groups, based on a t-test for independent 
samples with 5%, two-sided significance level. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 

Both computer models and tissue culture have been considered as alternatives 
to animals. These alternatives lack the knowledge base and complexity needed to 
evaluate the effects of radiation and radiation countermeasures on the immune system. 
The phenomena under study involve complex information-processing networks 
comprising of a large number of cell types and biological signal transduction molecules. 
Responses to irradiation and radioprotective agents involve interactions between the 
central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems, hematopoietic 
system, GI system, etc. We do not know all of the cell types and tissues involved and 
many of the signal transduction molecules have not been discovered yet. Even if all of 
the tissues, cell types and signaling molecules were known, the present state of tissue 
culture would be incapable of reproducing in vivo relationships. One would have to 
reproduce much of an entire mammalian organism in culture to study these phenomena 
in vitro. As for computer models, the most powerful supercomputers available in the 
near future would be incapable of analyzing interactions between so many elements in 
the network. Thus these drugs necessitate investigation in whole animal models to see 
overall outcome. 

V.3.2. Animal Model and Species Justification 

Demonstrating efficacy of a countermeasure in a large animal species (LAS) is a 
critical requirement of the FDA Animal Ru le. Rhesus macaque has 95+% DNA 
sequence identity with humans. NHPs are necessary for the pre-clinical development of 
a drug candidate intended for use in humans. because drug metabolism and physiology 
are so similar between NHPs and humans. Rhesus macaques are the model of choice 
for investigations of toxicity, pharmacokinetics, biomarkers, radiation injury, and 
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countermeasures, because the large database available from the existing literature. The 
FDA has accepted rhesus macaques as the appropriate animal model for pivotal 
efficacy testing of radiation countermeasures under the Animal Efficacy Rule, when 
efficacy testing cannot be performed in humans. Our ultimate goal is to generate data 
su itable for submission to US FDA to support the approval of the radiation 
countermeasure. The pig model {specifically Gottingen minipig) is currently under initial 
stages of development for studying radiation injury a nd this model is not defined or 
mature enough to evaluate radiation countermeasures nor has the minipig model 
reached a stage of acceptance in the scientific communitylto\(4) . !Therefore, this study 
utilizes the rhesus macaque to guide future development of this class of radiation 
countermeasures. There are seve~eports of using NHPs in radiation research and 
countermeasure development [23m_J29). 

V.3.3. Laboratory Animals 

V .3.3.1. Genus I Species 
Macaca mulatta (Rhesus macaques) 

V .3.3.2. Strain I Stock 

Chinese origin 

V .3.3.3. Source I Vendor 

Animals will be procured from vendors registered with the USDA or DoD. 

V.3.3.4. Age: 3 - 7 years 

V.3.3.5. Weight: 4 - 6 Kg 

V .3.3.6. Sex: Male 

V.3.3.7. Special ConsideraUons 

Animals should test antibody negative for Herpes B virus (aka Macacine 
herpesvirus), Simian T-cell leukemia virus type 1 {STLV-1 ), Simian Immunodeficiency 
virus (SIV) and Simian Retrovirus (SRV) Types 1, 2, 3, and 5. Animals shall also test 
negative by means of virus isolation or polymerase chain reaction (PCR) for SRV Type 
2. NHPs will either be vaccinated for measles or, in t he case of previously measles
vaccinated NHPs, tested for the presence of measles antibodies. NHPs shall come from 
the vendor colony negative for Salmonella, Shigella and Yersinia. Vendor must provide 
the health reports indicating the pathogen free status of the NHPs for the agents listed 
in this section. The animals will be pole and collar trained by the vendor before their use 
in above experiment. 

V.3.4. Number of Animals Required (by species): 136 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V .3.5.1. Refinement 

For efficacy studies, the endpoint currently mandated by the FDA for approval of 
radiation countermeasures is mortality or major morbidity. Moribundity will be used as a 
surrogate for mortality, and euthanasia will be used in order to minimize pain and 
distress, using an extensive set of criteria (listed under section V .4.5). The actual 
irradiation procedure does not cause pain or distress. Animal care and use procedures 
will only be performed by trained and certified personnel. 
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v .3.5.2. R·eduction 

As we move forward with experiments, plans will be reevaluated at every stage 
ot the experiments1 in light of incoming data in an attempt to reduce the numbers of 
experiments and groups, if possible. If deemed not necessary tJased on incoming data, 
some investigations may not be carried out to optimize the use of experimental animals. 

V .3.5.3. R·eplac·ement 

There are no in vitro techniques available to demonstrate that this drug will 
counter the effects of whole~body irradiation in humans. Efficacy and safety have 
already been demonstrated in rodents. The preferred large animal model for preclinical 
evaluatio1n ·of radiation countermeasures intended tor use in humans is NHP primates. 
This study represents the next step necessary to develop this drug for FDA approval. 
According to FDA scientists and the radloblology community, the large database of 
racua:tion studies in Macaca mulatta makes this the most useful large animal model to 
evaluate interactions of radiation injury and drugs intended for use in humans. 

v .4. Technical Methods 

V .4.1. Pain I Distress Assessment 

V .4.1.1. APHIS Form 71023 Information 

V.4.1.1.1. Number of Animals 1~6 

V.4.1.1.1.1. Column C O (#of animals) 

V .4.1.1.1.2.Column D O (# of animals) 

V.4.1.1.1.3. Column E 136 (#of animals) 

V41114P' Ct A . . . .. .. · am a eaory · -ss1gnments 
Exp, # Exoerimental!Control Group c D E Totals 
Exoeriment 1 LD5o-ro asthMiion 20 20 
Exoeriment 2 PD ofl(DJ(4J I 4 4 
E:q~eriment 3 Piloi efficacy studv withl(b)(4) I 32 32 
Exoeriment 4 Efficacv studv witt-1°><41 In combination with G-CSF 80 80 
Totals: i36 136 

V .4.1.2. P.ain rFtelief I Prevention 

v .4.1.2.1. Anesthesia/ Analgesia/Tranquilization 

As mentioned under section 'V.4.4.7. Other Procedures' animals will be sedated with 
ketam1ine ( 5 -15 mg/kg, i m, 22 - 25 G needle length of %· 1 ") or T elazol (2 - 5 mg/kg, i m, 
22 - 25 G needle length of %-1") to place in restraint box tor transporting to cobalt 
facility. 

Mictochips: These are inserted under ketamine anesthesia after animals clear the 
quarantine peiriod. The chips are used to monitor body temperature and are pre-loaded 
in a spedally designed needle/syringe device that is inserted sc between the shoulder 
blades. Once the chip is placed, the needle is withdrawn and the skin is pinched 
between 2 fingers for about 1 O - 20 seconds to ensure that the chip itself (about the size 
of a grain of rice) does not dislodge out through the punctured site. If a chip fails , a 
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second chip will be inserted. If necessary, a drop of surgical glue will be placed at the 
punctured site to ensure that the chip stays in place. 

Supportive Care: Antibiotics will be administered prophylactica11y and initiated on day 3 
and will continue through day 30. The primary antibiotic will be enrofloxacin (Baytril 
Bayer HealthCare LLC, Shawnee Mission, KS). The dose will be 10 +/- 0.5 mg/kg 
administered sc daily (QD). If the body temperature is> 103 °F, gentamicln sulfate 
(GentaMax, Phoenix Scientific, Inc.) (5 mg/kg, sc or iv, QD) will be administered in 
combination with Baytril, and this treatment will continue for 24 h. If high fever persists, 
ceftriaxone (Rocephin, Roche Laboratories Inc., Nutley, NJ) (50 mg/kg, im, every 24 h) 
will be administered after gentamicin sulfate is discontinued. An alternative antibiotic to 
be used under such situation will be clindamycin, 12.5 mg/kg, administered 
intramuscularly (im) every 8 h. Based on veterinarian suggestion, Ceftiofur sodium free 
acid (EXCEDE) scat 5 mg/kg (lasting 2 days) or scat 20 mg/kg (lasting 7 days) will be 
used. For this purpose, a bacterial sensitivity culture may be arranged by Veterinary 
Science Department. 

Fluid support Administration of iv fluid to animals in restraint chair is not possible. 
Additionally, frequent parenteral route administration to animals with low platelet counts 
increases the risk of uncontrolled bleeding and every time animals need to be put in 
restraint chair causing significant stress. Without anesthetizing animals, iv 
administration of iv fluid is not practicable and frequent sedation will also cause stress. 
Thus, we will provide water/electrolytes in bottles and fruits and vegetables with high 
water content (such as watermelon, oranges, cantaloupes etc.) for the dehydrated 
NHPs. 

Analgesics and non-steroidal anti-inflammatory drugs: Buprenorphine SR (0.12 -
0.2 mg/kg, sc, lasting for 3 days) will be administered when there is sign of pain. Rimadyl 
(Carprofen, 15 mg tab, BID, po or injectable 50 mg/ml; 1 - 5 mg/kg/dose, BID, sc) can be 
administered as an alternative to buprenorphine when evidence of pain is still present. 

V.4.1.2.2. Pre- and Post-procedural Provisions 

Animals will be observed for signs of pain and distress by either the veterinary or 
research staff at least twice daily. After specialized procedures, NHPs will be monitored 
at least twice daily for signs of complications that may have occurred by the investigative 
staff. Study staff will adhere to IACUC Policy #10, Guidelines for Establishment of Early 
Endpoints in Experiments with Expected Mortality during the critical period and with 
additional checks (maximum 1 oh between two checks). 

V.4.1.2.3. Paralytics: No paralytic agent will be used in this study. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V .4.1.3.1. Sources Searched 

IVIS: International Veterinary Information Service 
PubMed: United States National Library of Medicine 
Web of Science 

V .4.1.3 .2. Date of Search: I 0/22/20 I 5 - l I 412016 

V.4.1.3.3. Period of Search 

IVIS: 1998 - 2016 
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PubMcd: 1965 - 2016 
Web of Science: 1970 · 20 16 

V .4. l.3.4. Key 'Vi.rds of Search: See table below 

V .4.l .3.5. Results of Search 

# Keywords of Search Literature Sources and Periods of search 
IVIS: 1998 • Pub Med: Web Of' 
2016 1965 - Scie.nce: 1970 -

2016 2016 
Results of Search 

1 Pain and radiation 341 11618 5967 
2 Ionizing radiation and pain 22 539 268 
3 Ionizing radiation and pain and 0 1 0 

suonortive care 
4 Ionizing radiation and pain and 0 1 0 

sepsis 
5 Ionizing radiation and pain and 0 a 0 

bone marrow deoletion 
6 Ionizing radiation and pain and 0 0 0 

intest1inal damage 
7 Altemative and radiation 213 13382 32031 
8 Alternative and radiaitic:m and Qain i 18 463 522 
9 Thrombopoietin and pain 0 21 9 
10 Alternative and thrombopoietin and 0 1 0 

pain 
11 Thrombopoietin and pain and 0 0 0 

radiation 
12 Alternative and Thrombopoietin and 0 0 0 

pain and radiation 
13 {0){4) and Pain 0 0 0 
14 Alternative an<:tCbH4

> land 0 D 0 
pain 

15 (b)(4) ~nd side effects 0 2 0 
1--

0 16 and toxicity 1 1 .._ 
17 and pain and 0 0 0 

radiation 

Summary of Results: No citations for pain were associated with exposure to ionizirng 
radialtion, the use of analgesia in conjunction with sub-lethal doses of ionizing radiation, 
or tlhe~nalgesia in co~juncti~n withfbl(4> lin all ?f the search.ed databases .. The 
use oE_Jwas not associated with any reports of pain. GLP studies conducted in rats 
and canines sho~(bH4) Ito be w · · · · ' · · ' · -
a hi h dose 300 m /k . iven iv) b 1 J,(b 1 
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lUJ(4/,(D)(ti) 

(b)(4J IThe non~clinical safetty 
StudJes {:)'jl\u1\4J t:IS well as the feSUltS from Saf ev phan,f.WOIOgy, genetic arid 
repiroductive toxicology studies demonstrate that <bl<4l is safe and well tolerated with 
large safety margins for a clinical dose. No alternatives were cited as being a 
rep~acernent for irradiation, 

The literature search did not indicate specific alternatives to pain, other than , 
what is described below. 

V.4.1.4. Unalleviated Painful or DistressfOI Procedure Justificatton; 

lmtdia~ed animals finally suocurflb due to a compromised immune re.sponse and 
microbial Infections. In the event that there is pain and distress to animals, we will use 
antibiotics, analgesics. and antipyretic agent. food supplements, and oral electrolyte 
supplements in this study as minimal symptomatic supportive care to relieve pain and 
discomfoirt to the animals. Since we are not sure about the extent of pain by irradiation 
and to what we are able to relieve the pain, we decided to put all irradiated animals 
under category IE. 

V.4.2. Pirolonged Restraint 

Animals to be irradiated will be placed in restraint devices for irradiation in the cobalt 
facility. Animals will be sedated for this purpose as outlined in section V.4. 1 .2.1. 
Anesthesia/ An algesia/T ranqwi lizatio n. 

For blood collection, NHPs will be placed in a primate restraint chair. NHPs will 
not be left in the restraint chair for more than 1 hour. 

V .4.3. Surgery 

V.4.3.1. Pre .. surgical Provisions: N/A 

V.4.3.2. Procedure(s): NIA 

v .4.3.3. Post-surgical Provisions: NI A 

V .4.3.4. Location: N/ A 

V.4.3.5. Surgeon; N/A 

V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1" Procedures; N/A 

V.4.3.6.2 SCientific Justification: N/A 

V.4.4. Animal Manipulations 

V .4.4.1 . Injections 

Injections of test drug, vehicle (normal saline), and G·CSF will be performed with 
a sterrne 21 - 25 gauge needle length of %-1 ". The site for injection will be prepared as a 
surgical site before the injection: hair will be clipped using# 40 surgical blade and the 
site will be scrubbed at least 3 times using either betadine or chlorhexidine and 70% 
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alcohol. Injections will be performed by appropriately trained sta1f listed in this protocol 
under section VI. Injections for ketamine, Telazol, Buprenorphine, Rimadyl, and 
antibiotics will be administered im with 22 - 25 gauge needle length of %~1 ". The injection 
vo:lume for this will be 0.1 • 1.0 ml. 

Sodium pentobarbital sodium will be used as outlined in section V.4.6 Euthanasia. 

V .4.4.1.1. Pharmaceutical Grade Drugs 

Pharmaceutical grade drugs (G-CSF, antibiotics, analgesics, anesthetics, and 
flu ids) will be procured from the USUHS pharmacy or VSD pharmacy at the discretion of 
the veterinary staff. 

V .4.4.1.2. Non-Pharmaceutical Grade Drugs 

fbH4
> ls a white to off-white powder with a molecular weight of 3,295 Daltons for 

the parent compound without polyethylene glycol (PEG) jsn? aproximately 43,.295 
Daltons with 2 PEG chains (MW .... 20,000 Daltons each). { J( > is composed of 2 
identical 14 chain amino acid peptide chains linked by a iysyl residue and linked on 
each N-terminal to a PEG chain, GLP toxicology studies were performed withl{b)<4> _ I 
l{bl(4> I which were accepted on the basis of the 
manufacturer's certificate of analysis and released for use in clinical studies. 

l(bl(4l I comes from a batch of GMP grade drug substance that requires 
requalificatiion for GMP use and has been stored at ·20 °C under sterile conditions and 
has been ·1es1ed for endotoxins. The batch otl(b){45 lthat will be used in this study 
comes from the same batch that showed significant survival benefits In the mouse 
studies conducted at AFRRI (Protocol<6>t6l I Biopotency will 
be conformed in the NHP PO study just prior to efficacy study. Appropriate safety 
precautions including osmomolarity and pH of final solutions will be in the range 
stipulated by IACUC Policy #9, non-Pharmaceutical Grade Experimental Drug 
Formulations to be Used in Experimental Animals. All procedures will be performed 
under sterile conditions. 

V .4.4.2. Biosamples 

Blood withdrawals will be carried out according to the schedules presented above 
and on necropsy. Blood will be collected from a peripheral vessel (saphenous or cephalic 
veins) rather than a femoral vein with a 21 - 25 gauge sterile needle length of%-
1 "attached to a 2 - 3 ml syringe, to reduce the chances of bleeding in irradiated animals. 
The femoral vein will be used if necessary for blood collection prior to euthanasia. 

For aseptic collection for bacterial samples, the area surrounding the saphenous 
vein (dorsal region of the lower limb) will be swabbed three times with Providone-iodine. 
Afiter each application of the Providone~iodine, the area will be wiped off with alcohol. 
Samples collected for other tests will only utilize alcohol swabs. The blood sample will be 
drawn as described above. Whlle withdrawing the needle, pressure wfll be applied at the. 
same time with a sterile bandage to reduce bleeding from the venipuncture site. While 
making regular routine observation of animals, the v,enipuncture site will be checked for 
bleeding. In the event the site becomes infected, topical triple antibiotics (bacitracin, 
neomycin, and polymyxin} or similar agent will be applied as needed. 
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Partial necropsies will be performed on all animals following euthanasia by 
pathology necropsy technicians and/or trained non-pathology personnel. The following 
tissues will be collected; brain, heart, lung, kidney, spleen, duodenum, jejunum, ileum, 
large intestine, bladder, and sternum will be collected. 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAb) Production: N/A 

V.4.4.5. Animal Identification 

Animals arrive tattooed and such tattoos will be used for identification. 
Additionally, cage tags or ID's written on cages with permanent markers are used for 
identification. 

V.4.4.6. Behavioral Studies: No behavioral studies will be performed in this protocol. 

V.4.4.7. Other Procedures 

Transport plan: For whole body irradiation, the sedated animals will be placed in 
positioning aide devices and will be transported inside a cart to the High Level Gamma 
Radiation (HLGR) facility. HEPA filtered transport carts will be used for transportation of 
animals through common hallways/areas. At no time will the animals be removed from 
the restraint boxes while outside of the VSD vivarium. At least two personnel will 
accompany the animals. Additional ketamine may be administered as needed for 
chemical restraint (animals are not awake during irradiation), and to provide animal 
handling support. After irradiation, the NHPs in their restraint boxes will be removed from 
the irradiation platform, returned to the transport cart and returned to the vivarium. 

V.4.4.8. Tissue Sharing: None 

V.4.4.9. Animal By-Products 

No animal by-products will be used in the proposed study. 

V.4.5. Study Endpoint 

The primary endpoint used in the efficacy study will be mortality. Moribundity will 
be used as a surrogate for mortality, and euthanasia will be used in order to minimize 
pain and distress. Necropsy and histopathological analysis will be performed on all 
euthanized animals. The following parameters will provide the guidelines for 
moribundity. 

1. Weight loss: Significant weight loss (10%) from the baseline (NHPs will be weighed 
whenever the animal is placed on the restraint chair attached to the scale for blood 
collection), 

2. lnappetance: Complete anorexia for 2 days with deteriorating conditions based on 
clinical examination, 

3. Weakness/inability to obtain feed or water: Inability or extreme reluctance to stand 
which persists for 1 h, 

4. Minimal or absence of response to stimuli (animal does not move when prodded), 

28 of 35 



5. Core body temperature: Below 96.62 F following a period of febrile neutropenia (such 
as >103° F and <500 neutrophils/ml), 

6. Severe anemia: <13°/a hematocrit due to acute blood loss or <40 g/L hemoglobin 
(decision in consultation with AFRRI veterinarians), 

7. Severe thrombocytopenia (<10,000 platelets/µ!) 

8. Other signs of severe organ system dysfunction with a poor prognosis as determined 
by a veterinarian: 

8.1 Respiratory: any dyspnea or severe cyanosis. 
8.2 Gastrointestinal: sustained vomiting or diarrhea, obstruction, intussusceptions; 

peritonitis (transient vomiting and diarrhea are expected results of whole-body 
gamma irradiation, therefore, as criteria for euthanasia, these symptoms should 
be severe and life-threatening per se, i.e., hemorrhagic diarrhea to the point of 
causing anemia as listed above or severe uncompensated dehydration). 

8.3 Urogenital: renal failure based on clinical chemistry parameters (BUN, creatinine) 
and urinalysis (urine specific gravity). 

8.4 Nervous: sustained CNS depression, seizures, paralysis of one or more 
extremities. 

8.5 lntegumentary: non-healing wounds, repeated self-trauma, severe skin infections, 
indicating severe organ system dysfunction with a poor prognosis. 

When an animal reaches a state of moribundity (i.e. point of no return) the animal 
will be euthanized. Any single parameter listed under this section will not lead to 
euthanasia of the animal, unless in conjunction with the recommendation to euthanize 
by an AFRRI veterinarian. Moribundity status of the animal will be determined by a team 
effort between institutional veterinarian, principal investigator, research staff, veterinary 
technicians and husbandry staff based on the combination of criterions described 
above. 

Surviving animals at the end of the study (60 d post-irradiation) will be 
euthanized for gross necropsy and tissue collection as described under section V.4.6. 
Histopathology of various organs will be conducted to study the effects of radiation and 
drug. 

V.4.6. Euthanasia 

Animals will be humanely euthanized using the most current American Veterinary 
Medical Association (2013 AVMA) guidelines. These animals will be given sodium 
pentobarbital sodium iv (saphenous or cephalic), needle size 20-25 gauge 3/4-1" length, 
(100 mg/kg, 1 - 5 ml). Prior to pentobarbital sodium administration, the animal will be 
sedated using ketamine (5 - 15 mg/kg, im). Intra-cardiac administration will be 
performed if unable to administer pentobarbital sodium through peripheral veins. The 
animal will be deeply anesthetized by lsoflurane (1 - 5%) with 02 at 1 - 4 liters per 
minute via mask before giving intra-cardiac injection. The animals will be euthanized 
only under the guidance of a staff veterinarian or a trained technician in consultation 
with the veterinarian if the animal becomes moribund. After pentobarbital sodium 
administration, the animals will be examined (heart auscultation and pulse) to confirm 
death. 

V .5. Veterinary Care 
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V .5.1. Husbandry Considerations 

All non-human primates will be housed individually in cages with at least 4.3 
square feet of floor space per NHP in accordance with The Guide for the Care and Use 
of Laboratory Animals. In addition, every cage will be equipped with built in perches. 
Excreta and food waste will be removed from inside each indoor primary enclosure, 
once per day, to prevent the primates from becoming soiled, and to reduce disease 
hazards, insects. pests, and odors. Care will be exercised when washing the primary 
enclosure so that the animals remain dry at all times. Primary enclosures will be 
sanitized every two weeks. This period can be extended to tour weeks for animals in the 
critical period. The secondary enclosure (room) will be sanitized once per month. 
Foraging boards as well as other enrichment devices will follow the same schedule as 
the primary enclosures of the primate. 

Special care will be given to animals that have been irradiated as their natural 
immunity will be suppressed (more prone to infections). Irradiation boxes will be 
sanitized after every use or more often as needed. 

V.5.1.1. Study Room: Study rooms will be assigned by VSD. 

V .5.1.2. Special Husbandry Provisions: None 

V .5.1.3. Exceptions: None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 

Al l animals will be quarantined for 45 days prior to any experiment. For this 
study, NHPs will arrive at AFRRI after completing quarantine at supplier's facility. As per 
VSD SOP VS0202, Animal Health Rounds, veterinary staff will monitor all animals at 
least twice daily during morning and afternoon rounds. Any abnormalities will be 
reported immediately to the on-call veterinarian and Pl/his staff. In addition, animals will 
be observed daily by this protocol's research staff. Any sick animal will be observed at 
least twice a day (early morning and late afternoon/night) by the research staff. When 
animals beoome ill or debilitated, a veterinarian will be contacted immediately to assess 
the animal and provide adequate/emergency care. If the animal becomes moribund, it 
will be euthanized as described in section V.4.6. Euthanasia. 

V.5.2.2. Emergency Veterinary Medical Care 

The on-call veterinary officer will be available via telephone~rs a day. The on-call 
roster is located outside the VSD conference room (Room ~on the bulletin board 
and at the security watch desk. These procedures are in accordance with VSD SOPs. 

V.5.3. Envlronmental Enrichment 

V .5.3.1. Enrichment Strategy 

In this study, all primates will receive regular enrichment IAW VSD SOP VS0226, 
Nonhuman Primate Environmental Enrichment. Enrichment provided will include 
sanitizable toys, contact with husbandry and research staff , and visualization of 
conspecifics. To facilitate the consumption of food post-irradiation. the primates may be 
provided with an array of drinking and food products that will heighten their interest. 
Such items will include kool-aid type drinks, jello and yogurt (as examples of soft type 
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foods), and bananas, sweet potatoes, and celery with peanut butter (as examples of 
harder type foods). This brief listing is not meant to exclude any drink or food product 
that will aid in the consumption of diet designated for the animals depending on clinical 
observations; monthly enrichment can be modified per the veterinarian. 

V.5.3.2. Enrichment Restrictions 

None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

NAME 
I DEGRE I 

E TRAINING DATE PROCEDURES 
lUJ\O} 7 (Off-hour observations) 

1,3a,3b,3d,4,5,7 (off-hour 
observation) 
1,3a, 3b, 3d,4,5,7 (off-hour 
observation) 
1.7 (off-hour observations) 
1, 3b, 6 
i (off-hour observations) 
7 (off-hour observatrons) 
7 <off-hour observations) 

Proceaura ana man1 u1at1on coaes: p 
Code 1 .. Animal handllng and euthanasia 
Code 2• Surgory (oscptio 1ecriniquo) pre· and post-operative i;;are 
Code 3• Injections (3&-ip, 35-sc. 3c-gavage, 3.;Hv) - can say 3 if trained in all manipulation$ or add 3cHv 
Code 4• Blood collection under anesthesia {4a·cardiac, 41Hntenor vena cava) 
Code 5z Tissue collection (after &uthanasill) · ooesn1 Med to be specific 
Code 6 = tmpantation (provide aetails) 

YRS/MOS 
l"X?S:FIENCE 

(t>}(6) 

Code 7 • Oihers • (provide protocol specific manipulations or procedures for e.g., retro-om tal bleeding. tail vein injection, or drug 
delivery) 

Hands-on training for additional personnel will be provided by study staff 
designated as trainers by VSD or by VSD technicians using the animals and procedures 
described in the approved protocol. This will include pole and collar handling of NHPs 
as well as blood collection and injections. The IACUC will be provided with updated 
records as training is accomplished. 

VII. IBIOIHAZARDS/SAFETY 

There is no plan to use any potential biohaz.ard. Standard laboratory safety precauitions 
will be observed throughout this study. 

VIII. ENCLOSURES 
Fbrm 310 
List of references 
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X. ASSUIRANCES 

Protocol Title: Evaluation of a promising countermeasure'-((6_1<4_> ______ ....1 

as a radiation mitigator in Rhesus macaque (Macaca mulatta) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized tor use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not 
an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure 1hat I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis, and thiat 
the minimum number of animals needed for scientific validity will be used. 

0 . Biohazard I Safety: I have taken into consideration and made the proper 
coordi1nations regarding all applicable rules and regu lations concerning radiation 
protection, biosafety, recombinant issues, and so forth , in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures J manipulations. 

F. Responsibility; I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol. and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility," which the DOD 
has embraced for implementing animal use alternat ives where feasible and conducting 
humane and lawfu l research. 

G. Scientific Review: This proposed animal use protocol has received appropriate 
peer scientific review and is consistent with good scientific research practice. 

H. Painful Procedure(s): 1@)1 AM NOT (circle one) conducting biomedical 
experiments. which may potentially cause more than mom~ or slight pain or 
distress to .animals. If applicable, potential pain andfor distress~/ WILL NOT (circle 
one) be relieved with the use of anesthetics, analgesics and/or tranquilizers. I have 
considered alternatives to such procedures ; however, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) {Date) 
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I. NON-TECHNICAL SYNOPSIS 

Date 

Due to increased terrorist activity and the dissemination of nuclear materialls, the 
chances of military or civilian personnel being exposed to radiation from dirty bombs or 
impr1ovised nuclear devices have risen dramatically in recent years. There are currently 
ho FDA-approved drugs for use by the military or civilian populations for the prevention 
or treatment of whole body -radiation-induced injury. At present, there is no effective 
treatment for acute radiation gastrointestinal syndrome and only one FDA approved 
treatment for hematopoietic syndrome, which can be used only after radiation exposure 
and requires close patient monitoring by a highly skilled medical team. 

In an effort to identify suitable radiation countermeasures (agents given before or 
after radiation exposure that can prevent/treat injuries), many strategies have been 
investigated during the past several years. In order to develop future countermeasures, 
we need to develop the lethality curve for cobalt-60 y-radiation with supportive care. 
This study will develop the lethality curve of y-radiation before investigating any radiation 
countermeasure for efficacy. 

II. BACKGROUND 

11.1. Backgr.ound 

Altt1ough the search for radiation countermeasures for acute radiation syndrome 
(AAS) was initiated more than half a century ago, only one radiation countermeasure, 
granulocyte colony-stimulating t_~c_tor _(G-CSF), has brrc?J apr roved by the United States 
Food and Drug Administration (US FDA) for the ARS There is a need to develop 
addi~ional radiation countermeasures for use by our military and civilians. 

To achieve the goal of having suitable radiation countermeasures approved by 
the US FDA, we need to investigate radiation countermeasures against va rious 
subsyndromes of acute radiation syndrome such as hematopoietic and gastrointestinal 
subsyndromes. For this purpose, we need to determine the lethality curve of cobalt-60 
y-radiation for NHPs with supportive care. In the past, experiments have been 
performed for evaluation of different radiation c-0untermeasures without any supportive 
care using historic or values from other institutions. Thus, we need to determine the 
lethality curve of our cobalt y-radiation in a NHP model before proceeding to an efficacy 
study with any radiation countermeasure. 
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2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 

PubMed: United States National Library of Medicine 
FEDRIP: Federal Research in Progress Database 
DTIC: Defense Technical Information Center 

11.2.2. Date of Search 10/23/2015 to 10/30/2015 

11.2.3. Period of Search 

DTIC: 1986 - 2015 
PubMed: 1965 - 2015 
FEDRIP: 1992 - 2015 

11.2.4. Key Words of Search See table for single and multiple keyword combinations. 

11.2.5. Results of Search 
Keywords Pub Med FE DRIP DTIC 

1965 - 1992 - 1986. 
present present present 

Results of Search 
Primates and radiation 341353 38 2110 
Primates and hematopoietic 153235 33 598 
Primates and hematopoietic and radiation 4510 3 436 
Primates and hematopoietic and radiation and 178 2 90 
neutropenia 
Primates and stem cells 136567 73 1540 
Primates and stem cells and radiation 5055 2 1030 
Primates and stem cells and hematopoietic and 1772 1113 323 
radiation 
Primates and stem cells and hematopoietic and 68 119 76 
radiation and neutropenia 
Radiation and supportive care 671 11 46 
Primates and gastrointestinal 287 14 29 
Primates and gastrointestinal and radiation 14 0 7 
None of these searched references address the questions to be tested in this protocol. 

Summary of Results 

No publications addressing the questions of this protocol were found. Above 
literature searches rule out any possibility of duplication. 

Ill. OBJECTIVE I HYPOTHESIS 

The long term objective of the present study is to investigate the beneficial 
effects of future radiation countermeasures as evaluated by significant increase in 60-
day post-irradiation survival when the drug is administered post-irradiation (as a 
radiomitigator) in conjunction with supportive care (antibiotics, fluid, analgeslcs, blood 
products). The secondary objectives include studying hematopoietic recovery including 
neutrophil and platelet profiles, mean survival time (MST), incidence of febrile 
neutropenia, infection, and incidence/severity of diarrhea in NHPs. 
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To achieve these objectives, we need to determine the lethality curve of cobalt-
60 y-radiation for NHPs. In the past, experiments have been performed for evaluation 
of different radiation countermeasures without any supportive care using historic or 
values from other institutions. Lethality curve for cobalt-60 y-radiation at our institute 
has not been determined, particularly with supportive care as mentioned above. Thus, 
we need to determine lethality curve of our institute cobalt-60 y-radiation In a NHP 
model before proceeding to an efficacy study with the proposed radiation 
countermeasure. This lethality curve will be helpful in the future for investigating 
efficacy of radiation countermeasures against specific lethal doses of radiation. 

IV. MILITARY RELEVANCE 

Radiation-associated casualties, whether caused by acute injuries that occur 
soon after exposure or those resulting from chronic effects, or combined injury, have the 
potential to impact military operations in various ways. (a) Radiation-associated 
incapacitating events (such as nausea, vomiting, diarrhea) are some of the early 
hazards on exposure to lethal radiation. (b) Non-lethal low doses of radiation may not 
affect military operation immediately but can cause late life pathologies (cancer, 
pulmonary complications). (c) Lack of readily available radiation countermeasures may 
cause fear and panic among exposed individuals, and can severely impact the 
readiness for rescue operations. (d) The impact of chemical and biological weapons can 
be significantly enhanced by simultaneous exposure to radiological exposure. A non
lethal dose of radiation may become lethal upon simultaneous exposure to a chemical 
or biological agent or thermal burn. 

The above concerns reinforce the urgent need to develop an appropriate 
modality to sustain the war-fighting capabilities of our military. Developing effective 
therapies for sepsis following lethal doses of ionizing radiation remains a challenge. The 
proposed study presents a novel approach to solve the problem of ARS. With the 
deployment of a radiation countermeasure, forces exposed to moderate to high doses 
of ionizing radiation, combined injury of radiation and blast/burn will demonstrate 
enhanced survivability, expanding the range of operable threat environments. The 
options available to our military will increase, and the morale of personnel at risk of 
radiation and combined injury exposures will significantly improve. Determination of 
lethality curve for AFRRI cobalt-60 y-radiation with supportive care is a first step in this 
direction. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

We propose to carry-out the following experiments to develop the lethality curve 
for cobalt-60 y-radiation in NHPs with supportive care. After determining lethality curve, 
various LO values will be used to investigate the radiomitigative efficacy of identified 
radiation countermeasures in the future. 

V.1.1. Experiment 1. Establish lethality curve for AFRRI cobalt-60 y-radiation in 
NHPs with supportive care 

A recent publication extensively reviewing supportive care for NHPs exposed to 
radiation suggests that supportive care studies such as the one proposed in this 
protocol have been executed only to a limited extent [4]. In the publication cited above, 
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the LDso1so value and probit curve for supportive care has been provided using a 6 MV 
linear accelerator (LINAC}. This study suggests a dose modifying factor of 1.13 for 
animals provided supportive care compared to animals receiving no supportive care. 
The radiation source and type of radiation exposure in the publ ished report di1fer from 
the AFRRI cobalt-60 pool type facil ity. To the best of our knowledge, there is no 
published report for with cobalH;O y=radiation and supportive care. Though such study 
was initiated at AFRRI earlier, it was abandoned and thus, the proposed study still 
needs to be conducted. 

Baf~~)on ecensive discussion and modeling by the statistician of the sponsor of 
this study see data analysis section and also annexure with the protocol for 
details), we propose to use 6 radiation doses (6.5, 7.0, 7.5, 8.0, 8.5, and 9.0 Gy) with 6 
NHPs in each group (total 36 NHPs). Animals will be irradiated in groups of no more 
than 6 a~ a time, 1 or more weeks apart or at the discretion of the VSD & Cobalt 
schedules. Animals will be provided supportive care as described below and monitored 
for lblood profile as stated in table 1. There will be 26 blood donor animals. 

Table 1. Blood sample collection for lethality curve determination study 

Time of blood Blood 
draw In reiaiion CBC Blocnemi1try Total blood 

to irradiation 0.5 mt 0.5 ml ml 

-7 d + + 1.0 
-4 d + + 1.0 
-1 + + 1.0 

Day 1 (24 h) + 0.5 
Day2 + 0.5 
Day 4 + 0.5 
Day 6 + 0.5 
Day 8 + 0.5 

Day 10 + + 1.0 
Day 12 + 0.5 
Day 14 + 0.5 
Day 16 + 0.5 
Day 18 + 0.5 
Day 20 + + 1.0 
Day 22 + 0.5 
Day 24 + 0.5 
Day 26 + 0.5 
Day 28 + + 1.0 
Day30 + 0.5 
Day 34 + 0.5 -
Day38 + + 1.0 
Day42 + 0.5 
Day 50 + + 1.0 
Day60 + + 1.0 

We will be well within the acceptable published blood collection volumes [5] that 
are fol lowed at AFRRI. According to these guidelines 1 % blood (2.8 ml per day for 4 kg 
NHP - the minimum body weight of this experiment) can be withdrawn every 24 h. Up 
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to 10% of circulating blood volume can be drawn in a single day repeated every 3-4 
weeks. For the entire span of the study, the total blood drawn will be well below the 
recommended maximum limits (5] as outlined in section V.4.4.2 Biosamples. 

Donor blood draw: A maximum of 12.5% of blood will be collected once every 30 
days if needed in consultation with VSD veterinarians. Donor animals will get a CBC 
done prior to donation to confirm they do not have anemia. 

Donor animals will be used for collecting blood for transfusion to recipients. The 
donor animals will not receive any agents before or after blood collection unless some 
health issue comes up for that individual donor during the course of this study. 

A 4 kg recipient will need 40 ml of blood based on an average transfusion volume 
of 10 ml/kg (ranging 7 - 14 ml/kg). According to good practice guide [5], NHPs can 
donate 15% of total blood volume every four weeks. In this protocol, we have projected 
to take 12.5% upon veterinarian recommendation. A 6 kg donor animal, with a 336 ml 
blood volume (56 ml/kg), can donate 42 ml per transfusion. Based on radiation doses 
used in this study, we expect, on average, two transfusions for each recipient within a 4 
wk period, thus, for each recipient we will need 2 donors. Following this logic, for 12 
recipients we will need 24 donors. 

We have projected 26 donors so that if two animals, for any reason are not able 
to donate the blood, our experiment will not suffer. If needy animals are not supplied 
with necessary blood, it will be a serious health issue and the study will be wasted. 

We will be conducting this experiment in a manner that limits each donor to one 
donation during the experimental time frame. These donor animals will be used again 
as donors for future evaluations of countermeasure efficacy using a model of supportive 
care. 

V.2. Data Analysis 

A probit model will be used to establish the lethality curve for AFRRI cobalt-60 y
radiation in NHPs with supportive care. A series of simulations (see attachment at the 
end of this protocol) indicates that a design with six different doses of radiation (6.5, 7.0, 
7.5, 8.0, 8.5, and 9.0 Gy) and 6 animals in each group will be sufficient to estimate the 
LD:io, LDso and LD10 to within 0.5 Gy of the true value 90% of the time. The simulations 
show that this design has greater precision than similar designs with more doses or a 
wider range of doses, and only marginally less precision than a design using 48 NHPs 
instead of 36. 

For additional parameters (blood components and blood biochemistry), data 
mean values with standard errors {when applicable) will be reported. Independent 
samples t-tests or analysis of variance (ANOVA) will be used to detect if there are 
significant differences between experimental groups. All statistical tests will be two
sided, with a 5% significance level. Statistical software SPSS version 22 (IBM, Armonk, 
NY, USA) and GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA) will be 
used for analyses. 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 
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Both computer models and tissue culture have been considered as alternatives 
to animals. These alternatives lack the knowledge base and complexity needed to 
evaluate the effects of radiation and radiation countermeasures on the immune system. 
The phenomena under study involve complex information-processing networks 
comprising large number of cell types and biological signal transduction molecules. 
Responses to irradiation and radioprotective agents involve interactions between the 
central nervous system, the peripheral nervous system including the enteric nervous 
system, endocrine glands, the immune and inflammatory systems1 hematopoietic 
system, the GI system, etc. We do not know all of the cell types and tissues involved 
and many of the signal transduction molecules have not been discovered yet. Even if all 
of the tissues, cell types and signaling molecules were known, the present state of 
tissue culture would be incapable of reproducing in vivo relationships. One would have 
to reproduce much of an entire mammalian organism in culture to study these 
phenomena in vitro. As for computer models, the most powerful supercomputers 
available in the near future would be incapable of analyzing interactions between so 
many elements in the network. Thus, these drugs merit investigation in whole animal 
models to see the overall outcome. 

V.3.2. Animal Model and Species Justification 

Demonstrating efficacy of a countermeasure in a large animal species (LAS) is a 
critical requirement of the FDA Animal Rule. Rhesus macaque has 95+% DNA 
sequence identity with humans. NHPs are necessary for the pre-clinical development of 
a drug candidate intended for use in humans, because the drug metabolism and 
physiology are so similar between NH Ps and humans. Rhesus macaques are the model 
of choice for investigations of toxicity, pharmacokinetics, biomarkers, radiation injury, 
and countermeasures, because of the large database available from the existing 
literature. The FDA has accepted Rhesus macaques as the appropriate animal model 
for pivotal efficacy testing of radiation countermeasures under the Animal Efficacy Rule, 
where efficacy testing cannot be performed in humans. Our ultimate goal is to generate 
data which will be submitted to US FDA and our data should be acceptable to them for 
approval of the radiation countermeasure. The use of pig (specifically Gottingen minipig) 
is currently under the initial stage of development for studying radiation injury. This 
model is not well defined and mature enough to evaluate radiation countermeasures. 
The minipig model has not reached that stage of acceptance yet in the scientific 
research communit~herefore. this study in the rhesus macaque is being 
undertaken to guide future development of this class of radiation countermeasures. 
There are several reports for use ot NHPs in radiation research and countermeasure 
development [9-12]. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species 

Rhesus macaques (Macaca mulatta) 

V.3.3.2. Strain I Stock 

Chinese or Indian origin 

V.3.3.3. Source I Vendor 

Animals will be procured from vendors registered with the USDA or DoD. 

8 of 27 



V.3.3.4. Age: 3 to 7 years 

V.3.3.5. Weight: 4 to 12 kg 

V.3.3.6. Sex: Male and Female 

V.3.3.7. Special Considerations 

Animals should test antibody negative for Herpes B virus (aka Macacine 
herpesvirus 1), Simian T-cell leukemia virus type 1 (STLV-1 ), Simian Immunodeficiency 
virus (SIV) and Simian Retrovirus (SRV) Types 1, 2, 3, and 5. Animals shall also test 
negative by means of virus isolation or polymerase chain reaction (PCR) for SRV Type 
2. NHPs will either be vaccinated for measles or, in the case of previously measles
vaccinated NHPs, tested for the presence of measles antibodies. NHPs shall come from 
the vendor colony negative for Salmonella, Shigella and Yersinia. Vendor must provide 
the health reports indicating the pathogen free status of the NHPs for the agents listed 
in this section. The animals will be pole and collar trained by the vendor before their use 
in above experiment. 

V.3.4. Number of Animals Required (by species): 62 Rhesus macaque (Macaca 
mulatta) 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 

For efficacy studies, the endpoint currently mandated by the FDA for approval of 
radiation countermeasures is mortality. Moribundity will be used as a surrogate for 
mortality, and euthanasia will be used in order to minimize pain and distress, using an 
extensive set of criteria (listed under section V.4.5, Study Endpoint). The actual 
irradiation procedure does not cause pain or distress. Animal care and use procedures 
will only be performed by trained and certified personnel. 

V.3.5.2. Reduction 

As we move forward with experiments, plans will be reevaluated at every stage 
of the experiments, in light of incoming data in an attempt to reduce the numbers of 
experiments and groups, if possible. If deemed not necessary based on incoming data, 
some investigations may not be carried out to optimize the use of experimental animals. 
The simulations show that our experimental design has greater precision than similar 
designs with more doses or a wider range of doses, and only marginally less precision 
than a design using 48 NHPs instead of 36.The donor animals will be reused in future 
study for PK/PD of any drug or donor in experiment evaluating countermeasure for 
efficacy study with any drug. 

V.3.5.3. Replacement 

There are no in vitro techniques available to demonstrate that any drug will 
counter the effects of whole-body irradiation in humans. The preferred large animal 
model for preclinical evaluation of radiation countermeasures intended for use in 
humans is NHPs. This study represents the next step necessary to develop a drug for 
FDA approval. According to US FDA scientists and the radiobiology community, the 
large database of radiation studies in Macaca mulatta makes this the most useful large 
animal model to evaluate interactions of radiation injury and drugs intended for use in 
humans. 
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V.4. Technical Methods 

V .4.1. Pain I Distress Assessment 

V.4.1.1. AIPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals: 

V.4 .. 1.1.1.1. Column C O (#of animals) 

(# of animals) 

(#of animals) 

V.4.1.1.1.2. Column D 

V.4.1.1.1.3. Column E 

V41 1 4p· C '1. ain ateaorv 

26 
36 

A ss1gnments 
Exp.# Experimental/Control Group 
Expt '1 Lethality curve - six radiation doses with 6 NHPs each 

Le. 36 redoients 
ExPt 1 Donors - 26 
Totals: 

V.4.1.2. Pain Relief I Prevention 

v .4.1.2. 1. Anesthesia/ Analgesia/Tranqui I ization 

c D E Totals 
36 36 

26 26 
26 36 62 

As mentioned under section 'V.4.4.7. Other Procedures, animals will be sedated 
with ketamine (5 =15 mg/kg, im, 22 - 25 G needle length of 3k1 ,;) or Telazol (2 ~ 5 
mg/kg, im, 22 - 25 G needie length of 314-1 ") to place in restraint box for transporting to 
cobalt facility. 

Monitoring of Sedated NHPs: During procedures which rE!quire short du~ation of 
anesthesia, but which the animal is un-restrained (such as blood tranfusions}, 
anesthetic monitoring will be achieved through use of anesthetic monitors which will 
include the minimum of Sp02 °/o and heart rate measurement. Visual assessment of 
respiratory rate will be conducted during the procedure. Other measurements such as 
ECG, EtC02, and blood pressure will be used as available and circumstances allow. 
The animal will I be sedated with an im injectable agent as described in V .4.1.2.1 and 
checked for appropriate sedation by signs of prostration, limb flaccidity, and lack of 
palpebral ref lex_ Once these signs are achieved, the animal is removed from the cage 
and transported to a warmed table in the treatment room and maintained on 1 - 5% 
(rnore commonly 2 ~ 3%) isoflurane delivered through face mask with 1 Umin of 100% 
oxygen. The dose of isoflurane will be subjectively determined by the technician or 
veterinarian based on any signs of alertness or increased heart & respiratory rate 
(above approximately 150-160 bpm and 40 rpm. respectively). 

After sedating animal tor transport to the cobalt facility; the animal is cfitecked tor 
appropriate sedation by signs of prostration, limb flaccidity, and lack of pallpebral reflex. 
Once these signs are achieved, the animal is removed from the cage and placed in the 
restraint box and subsequently the HEPA transport cart. The transport cart has a 
Plexig11as window to observe the NHP during transport and staging prior irradiation. 
Signs of increasing alertness such as yawning, extremity movement, and blinkttng will 
necessitat·e an anesthetic "bump" which may be administered within the box_ This 
dose will be sulbjectively determined by technician or veterinarian based on extent of 
alertness and wm be equivalent to approximately 114 dose to the full dose originally 
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given to the NHP. Once transported from cobalt back to the home cage, NHPs are 
placed In their cages and monitored visually until fully awake, alert. and ambulatory. 

Analgesics and non-steroidal anti-inflammatory drugs: Buprenorphine SR (0.12 -
0.02 mg/kg, sc .. 22 - 25 G needle lertgth of %-1 ", lasting for 3 days) will be administered 
when there is signs of pain. Rimadyl (Carprofen 15 mg/tab, BID, po or injectable 50 
mg/ml; 1 - 5 mg/kg/dose, BIO, sc, 22 - 25 G r1eedle length of %-1 ")can be admirnistered 
as an alternative to buprenorphine when evidence of pain is still present. 

V.4. 1 .2.2. Pre- and Post-procedural Provisions 

Animals will be observed for signs of pain and distress by either the veterinary or 
research staff at least twice daily. After $pecialized procedures; NHPs will be mcmitoir~d 
at least twice daily for signs of complications. Study staff will adhere to IACUC Policy 
#10, Guidelines for Establishment of Early Endpoin1s in Experiments with Expected 
Mortality during the critical period and with additional checks (maximum 1 oh between 
two checks). 

V .4.1.2.3. Paralytics No paralytic agent wi II be used in this study. 

V.4.1.3. literature Searcli for Alternatives to Pairnful or Distressful Procedures• 

V.4.1.3.1. Sources Searched 

IVIS: International Veterinary Information Service 
PubMed: United States National Library of Medicine 
WOS: Web of Science 

V.4.1.3.2. Date of Search 10/2212015 - 10/30/2015 

V.4. 1.3.3. Period of Search 

IVIS'. 1998 - 2015 
PubMed: 1965 - 2015 
Web of Science: 1970 - 2015 

V.4.1 .3.4. Key Words of Search: See table below 

V.4.1.3.5. Results of Search 

IVIS 
Keywords 1998 - 2015 

Pain and radiation 341 

Ionizing radiation and pain 22 

Ionizing radiation and alternatives 2 

Stem cells and pain 164 

Stem cells and side effects 115 

Stem cells and pain and radiation 45 

Pain and primate and radiation 7 
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The literature search did not indicate specific alternatives to pain, other than, 
what is described below. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: N/A 

Irradiated animals experience symptoms of Acute Radiation Syndrome (ARS) 
due to a compromised immune response and potential microbial infections. In the event 
that there is pain and distress to animals, we will administer therapies as described 
previously to provide symptomatic supportive care to relieve pain and discomfort to the 
animals. Since we are not sure about the extent of pain by irradiation and the potential 
for pain or distress to persist despite intervention, we decided to put all irradiated 
animals under category E. 

V.4.2. Prolonged Restraint 

Animals to be irradiated will be placed in restraint devices for irradiation in the 
cobalt facility. Animals will be sedated for this purpose as outlined in section V.4.1.2.1. 
Anesthesia/Analgesia/Tranquilization. 

For blood collection, NHPs will be placed in a primate restraint chair. NHPs will 
not be left in the restraint chair for more than 1 hour. 

Animals are acclimated to restraint chair before any procedure. This training 
starts with vendor before NHPs are sent to our quarantine facility at Poolesville and 
continued during the acclimatization period at AFRRI. NHPs do not need training for the 
irradiation procedure's radiation box, as they are sedated throughout the procedure to 
minimize movement and stress of the animal. 

Simple blood draw takes significantly less time than an hour, however, while 
restrained we take vital sign measurements, do a thorough evaluation of the animals 
overall health, clean any wounds and provide any other treatment the NHPs may need. 
Most of the time, it will be less than one hour. Only when a veterinarian examination is 
requested, NHPs may be in the chair for a maximum of an hour. 

V.4.3. Surgery 

V.4.3.1. Pre~surgical Provisions: NIA 

V.4.3.2. Procedure(s): N/A 

V.4.3.3. Post-surgical Provisions: N/A 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2 Scientific Justification: N/A 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

Injections will be performed by appropriately trained staff listed in this protocol 
under section VI, Study Personnel Qualifications and Training. Injections will be 
performed by appropriately trained staff listed in this protocol under section VI. 
Injections for ketamine, Telazol, Buprenorphine, and Rimadyl will be administered as 
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outlined in section V.4.1.2.1 Anesthesia/Analgesia/Tranquilization. Antibiotics will be 
administered iv, im or sc as outlined in section V.4.4.7 Other Procedures using a 22 - 25 
gauge needle length of %-1 ". The injection volume for this will be 0.1 - 1.0 ml. Lactated 
Ringers Solution and Anti-emetics will be administered as outlined in section V.4.4.7 
Other Procedures using a 22 - 25 gauge needle length of 3/4-1 ".Sodium pentobarbital 
sodium will be used as outlined in section V.4.6 Euthanasia. 

V.4.4.1.1. Pharmaceutical Grade Drugs 
Pharmaceutical grade drugs (antibiotics, analgesics, anesthetics, and fluids) will 

be procured from the USU HS pharmacy or VSD pharmacy at the discretion of the 
veterinary staff. 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 

V.4.4.2. Biosamples 

Blood withdrawals will be carried out according to the schedules presented 
above and on necropsy. Blood will be collected from a peripheral vessel (saphenous or 
cephalic veins) rather than a femoral vein with a 21 - 25 gauge sterile needle length of 
%-1 "attached to a 2 - 3 ml syringe, to reduce the chances of bleeding in irradiated 
animals. The femoral vein will be used if necessary for blood collection prior to 
euthanasia. 

For aseptic collection for bacterial samples, the area surrounding the saphenous 
vein (dorsal region of the lower limb) will be swabbed three times with Providone-iodine. 
After each application of the Providone-iodine, the area will be wiped off with alcohol. 
Samples collected for other tests will only utilize alcohol swabs. The blood sample will 
be drawn as described above. While withdrawing the needle, pressure will be applied at 
the same time with a sterile bandage to reduce bleeding from the venipuncture site. 
While making regular routine observation of animals, the venipuncture site will be 
checked for bleeding. In the event the site becomes infected, topical triple antibiotics 
(bacitracln, neomycin, and polymyxin) or similar agent will be applied as needed. 

Partial necropsies will be performed on all animals following euthanasia by 
pathology necropsy technicians and/or trained non-pathology personnel. The following 
tissues will be collected; brain, heart, lung, kidney, spleen, duodenum, jejunum, ileum, 
large intestine, bladder, and sternum will be collected. An outside laboratory 
(Histoserv) will process the tissue and mount on slides for the VSD pathologist to read. 
The VSD pathologist will review the gross necropsy observations. 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAb) Production: N/A 

V.4.4.5. Animal Identification 

Animals arrive tattooed and such tattoos will be used for identification. 
Additionally, cage tags or ID's written on cages with permanent markers are used for 
identification. 

V.4.4.6. Behavioral Studies: No behavioral studies will be performed in this protocol. 

V.4.4.7. Other Procedures 
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As mentioned under section 'V.4.1.2.1. Anesthesia/Analgesia!Tranquilization', 
animals will be sedated with ketamine or Telazol to place in restraint box for 
transporting to cobalt facility. 

Transport plan: For whole body irradiation, the sedated animals will be placed in 
positioning aide devices and will be transported inside a cart to the High Level Gamma 
Radiation (HLGR) facility. HEPA filtered transport carts will be used for transportation of 
animals through common hallways/areas. At no time will the animals be removed from 
the restraint boxes while outside of the VSD vivarium. At least two personnel will 
accompany the animals. Additional ketamine may be administered as needed for 
chemical restraint (animals are not awake during irradiation), and to provide animal 
handling support. After irradiation, the NHPs in their restraint boxes will be removed 
from the irradiation platform, returned to the transport cart and returned to the vivarium. 

Microchips: These are inserted under ketamine anesthesia after animals clear the 
quarantine period. The chips are used to monitor body temperature and are pre-loaded 
in a specially designed needle/syringe device that is inserted subcutaneously between 
the shoulder blades. Once the chip is placed, the needle is withdrawn and the skin is 
pinched between 2 fingers for about 1 o - 20 seconds to ensure that the chip itself 
(about the size of a grain of rice) does not dislodge out through the punctured site. If a 
chip fails, a second chip will be inserted. If necessary, a drop of surgical glue will be 
placed at the punctured site to ensure that the chip stays in place. 

Supportive Care: Antibiotics will be initiated if the absolute neutrophil count (ANC) is< 
500 cells/µI and will continue until the NHP ANG reaches >500 cells/µI. The primary 
antibiotic will be enrofloxacin (Baytril® Bayer HealthCare LLC, Shawnee Mission, KS). 
The dose will be 5 +/- 0.25 mg/kg administered intramuscularly (im) or subcutaneously 
(sc) twice a day (BID); or 10 +/- 0.5 mg/kg administered im or iv once daily (OD). If the 
body temperature is> 103 °F, ceftiofur (5 mg/kg, sc - lasts 2 days or 20 mg/kg - lasts 7 
days) or gentamicin sulfate (GentaMax®, Phoenix Scientific, Inc.) (5 mg/kg, im or iv, 
OD) will be administered in combination with Baytril, and this treatment will continue for 
24 h. If high fever persists, ceftriaxone (Rocephin®, Roche Laboratories Inc., Nutley, 
NJ) (50 mg/kg, lm, every 24 h) will be administered after gentamicin sulfate is 
discontinued or if microbial resistance is demonstrated to enrofloxacin or gentamicin. If 
microbial resistance is demonstrated to enrofloxacln, gentamicin and ceftriaxone, an 
alternative antibiotic to be used under such situation will be clindamycin, 12.5 mg/kg, 
administered im every 8 h. For this purpose, a bacterial sensitivity culture may be 
arranged by Veterinary Science Department. 

Additional supportive care details: Additional supportive care therapies may be 
given upon the descretion of an AFRRI veterinarian. 

Table. Summary of plan for medical management and medication use 

Drug class Allowed medication or 
supportive care agents 

Indication and/or criterion for administration 
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Parenteral Equal volume of Lactated Dehydration: 
fluids Ringer's Solution (LRS) and . Mild to moderate dehydration : Ringer's lactate 

LRS with 5% Dextrose; each and Ringer's lactate with 5% dextms~ via slow 
at 5 ± 2.5 mL/kg body weight IV push. 
vla -slow IV push: twice daily . Severe dehydration : Ringer's lactate by IV drip 
depending on extent of . Pedialyte® or Gastrolyte® or similar commerc.ial 
dehydration; or LRS at 40 ± 5 solutions containing sodium, potassium, and 
mlikg body weight by IV drip glucose may also be used if IV acoess is difficult 
over 2 hrs. Fluid administration or precluded. 
rates and amounts may be 
changed at the discretion of Fever (temperature ~103 "f) 
AF~RI veterinarian. 

Pedialyte or Gastrolyte orally 
15 ± 5 ml/kg ol body weight 

IBQttles containing diluted fruit 
juice or oral rehydration 
solutions (Prang'T"", Bio-Serv) 

Anti- Loperamide hydrochloride Diarrhea: 
diarrheal (lmodium) , Initial dose 0.04 . At 1he first sign of soft to loose stools: Jmodium 

mg/kg OD Diphenoxylate will be adrninistered up to twice daily and shOuld 
HCl/atropine sulfate (Lomotil), continue for 3 days. It may be stopped earlier 
0.1 mg/kg, {2.5 mg/tablei) will than 3 days if the diarrhea resolves. 
be administered BIO, PO. The . Severe (diarrhea or if lmodium has been 
2.5 mg tablet first will be administered for 3 days) : LomoUI. up to IBID, PO 
dissolved in 5 ml of tap water. for 3 days. It may be stopped earlier than 3 days 
Then, 1 ml of the lomotil if the diarrhea resolves. If the diarrhea does not 
solution (0.5 mg/ml) will be resolve, the lmodium treatment will be repeated. 
added to 5-10 ml tap water, 
with OralLRS solution or liquid 
nutrition for 3 davs. 

Anti-Ulcer Sucralfate (Carafate) 1 g/day, For treatment of possible ulcers of the stomach or 
{0.5 g 810) dally from days 5 - proximal small intestine 
30. PO 

Anti-emetics Ondansetron {1-2 mg/kg) , IM, • Adm inistered pre-and post-radiation to 
IV or PO 25-90 minutes prior suppress emesis 
to irradiation and 30-45 
minutes to'llowing irradiation to 
suppress emesis or 
Granisetron (0.25 mg/kg), PO 
or IV 
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Blood Whole blood or packed red Whole blood will be transfused it: 
products blood cells will be obtained • PL T counts are ..:20,000/µl and hemoglobin 

from a commercial source or (Hgb) <7 g/dl or hematocrit (Hot) <20%; 
obtained front donor animals • An animal experiences a 5-unit decrease in Hct 
and blood ptoduct irradiated in a 24·1'1our period that resuits in an Hct of s; 
~~y with a source in 25%; 

nor to transfusion • An ainimal ihat has previously received 
o e ood at 7 - 14 ml/kg a transfusion demonstrates continued 

or Packed red blood cells evidence of bleeding, such as bloody 
(ABC). stools and/or any decrease in Hct 
Note: Repeat blood collection relative to the most recent result 
ifrom donor animals will be obtained; or defined on the total volume 
collected each time, recovery • If there is obvious evidence of uncontrolled 

period and other criteria as hemorrhage. 

described by Diehl et al • An animal experiences a 7-10 unit decrease in 
2001 [5], A maximum ot 12.5% Hct in a 24-hour period; or 
of blood will be collected once • An animal's Hct ls :S 25"/o for 2 consecutive days 
every 30 days if needed. and PLT counts are <3,000h1L. 
Donor animals will get a CBC Packed RBCs will be administered in preference to 
done prior to donation to whole blood when PLT counts are satisfactory 
contirm 1hey do not have (~H)O ,OOOh1L with no clinical bleeding) but the Hgb 
anemia = per consultation with or Hct remain low (Hgo <7 g/dl or Hct <20 g1/dl). 
veterinarian. • Pl T counts are satisfactory (~100,000/i11= wrth 

no clinical bleeding) but the Hgb or Hct remain 
low (Hgb <7 g/dl or He <20 gfdl). 

Nutritional 810-SERV Rhesus Liquidiets Weight Loss (Anorexia): Nutritional support may 
Support be adrn inistered via oral gastric tube when body 

weight is <85°/., of baseline and will be ccntinued 
as long as the body weigh remains <85% of 
baseline, and the animal is not eating, In the case 
where an animal loses its ability to regain weight 
following irradiation despite actively eating and 
drinking, nutritional supplementation via oral 
gastric tube may be foregone in order to avoid 

To facilitate the consumption 
daily anesthesia. 

of food post·irradiation, the 
primates may be provided 
with an array of drinking and 
food products that will 
heighten their interest. Such 
items will include kool·aid 
type drinks. Jello and yogurt 
(as examples of soft type 
foods), and bananas. sweet 
potatoes, and celery with 
peanut butter (as examples of 
harder lype foods). This brief 
listing is not meant to exclude 
any drink or food product that 
will aid In the consumption of 
diet designated for the 
animals. 

V.4.4.8. Tissue Sharing: Brain tissue will be shared withl<bl(5> 
1(6><61 lat part of his genome project. ,___ _________ _. 
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V.4.4.9. Animal By-Products: 

Whole blood anti-coagulated with 10% citrate, dextrose phosphate with adenine 
obtained from healthy animals will be used. The blood will be irradiated prior to use. 

V.4.5. Study Endpoint 
The primary endpoint used in this study will be mortality. This study is to 

determine the lethality of 6°Co-gamma-radiation using probit curve with various doses of 
radiation. Such lethality curve is required to know the exact dose for radiation for 
various levels of lethality (e.g. LD3o, LDso, LD10, LD9o etc.). Based on lethality estimation 
in this study, different doses of radiation will be used for evaluating efficacy of radiation 
countermeasures in future studies. Such lethality information is required for evaluating 
efficacy against hematopoietic syndrome (LDJo or LDso) or gastrointestinal syndrome 
(LD10 or LDso). To develop radiation countermeasures for US Food and Drug 
Administration approval, one needs to demonstrate that drug significantly increases 
survival in animals compared to placebo. To demonstrate increase in survivors, end 
point needs to be mortality. In this study, we are establishing animal model with full 
supportive care for a future radiation countermeasure study. 

Two previous publications have been provided below which have used mortality 
as an endpoint for studying efficacy of two radiation countermeasures for US Food and 
Drug Administration approval. Neupogen [9] and Neulasta [13) received US Food and 
Drug Administration approval based on studies using mortality as an endpoint. 

Moribundity will be used as a surrogate for mortality, and euthanasia will be 
used in order to minimize pain and distress. Necropsy and histopathological analysis 
will be performed on all euthanized animals. The following parameters will provide the 
guidelines for moribundity. 

1. Weight loss: Significant weight loss (10%) from the baseline (NHPs will be weighed 
whenever the animal is placed on the restraint chair attached to the scale for blood 
collection), 

2. lnappetance: Complete anorexia for 2 days with deteriorating conditions based on 
clinical examination, 

3. Weakness/inability to obtain feed or water: Inability or extreme reluctance to stand 
which persists for 1 h, 

4. Minimal or absence of response to stimuli (animal does not move when prodded), 

5. Core body temperature: Below 96.62 F following a period of febrile neutropenia (such 
as> 103° F and <500 neutrophils/ml), 

6. Severe anemia: <13% hematocrit due to acute blood loss or <40 g/L hemoglobin 
(decision in consultation with AFRRI veterinarians), 

7. Severe thrombocytopenia (<10,000 platelets/µI) 

8. Other signs of severe organ system dysfunction with a poor prognosis as 
determined by a veterinarian: 

8.1 Respiratory: any dyspnea or severe cyanosis. 
8.2 Gastrointestinal: sustained vomiting or diarrhea, obstruction, intussusceptions; 

peritonitis (transient vomiting and diarrhea are expected results of whole-body 
gamma irradiation, therefore, as criteria for euthanasia, these symptoms should 
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be severe and life-threatening per se, i.e., hemorrhagic diarrhea to the point of 
causing anemia as listed above or severe uncompensated dehydration). 

8.3 Urogenital: renal failure based on clinical chemistry parameters (BUN, creatinine) 
and urinalysis (urine specific gravity). 

8.4 Nervous: sustained CNS depression, seizures, paralysis of one or more 
extremities. 

8.5 lntegumentary: non-healing wounds, repeated self-trauma, severe skin infections, 
indicating severe organ system dysfunction with a poor prognosis. 

When an animal reaches a state of moribundity (i.e. point of no return) the 
animal will be euthanized. Any single parameter listed under this section will not lead to 
euthanasia of the animal, unless in conjunction with the recommendation to euthanize 
by an AFRRI veterinarian. Moribundity status of the animal will be determined by a 
team effort between institutional veterinarian, principal investigator, research staff, 
veterinary technicians and husbandry staff based on the combination of criterions 
described above. 

This full supportive care study includes the administration of anesthetics and 
analgesics. If the animal reaches a point where it is appears to be in excessive pain, 
despite the administration of analgesics and other therapeutics, a decision to euthanize 
will be made in consultation with institute veterinarian. 

Surviving animals at the end of the study (60 d post-irradiation) will be 
euthanized for necropsy and tissue collection as described under section V.4.4.2 
Biosamples. 

V.4.6. Euthanasia 

Animals will be humanely euthanized using the most current American 
Veterinary Medical Association (2013 AVMA) guidelines. These animals will be given 
pentobarbital sodium iv (saphenous or cephalic), needle size 20-25 gauge %-1" length, 
(100 mg/kg, 1 • 5 ml). Prior to pentobarbital sodium administration, animal will be 
sedated using ketamine (5 - 15 mg/kg, im). Intra-cardiac administration will be 
performed if unable to administer pentobarbital sodium through peripheral veins. The 
animal will be deeply anesthetized by lsoflurane (1 - 5%) with 02 at 1 - 4 liters per 
minute via mask before giving intra-cardiac injection. The animals will be euthanized 
only under the guidance of a staff veterinarian or a trained technician in consultation 
with the veterinarian. After pentobarbital sodium administration, the animals will be 
examined (heart auscultation and pulse) to confirm death. 

V.5. Veterinary Care 

Animal procedures performed at AFRRI will be in compliance with the Animal 
Welfare Act and the Guide for the Care and Use of Laboratory Animals. The AFRRI 
facility is accredited by Association for Assessment and Accreditation of Laboratory of 
Animal Care (AAALAC)-lnternational. 

V.5.1. Husbandry Considerations 

All non-human primates will be housed individually in cages with at least 4.3 
square feet of floor space per NHP in accordance with The Guide for the Care and Use 
of Laboratory Animals. In addition, every cage will be equipped with built in perches. 
Excreta and food waste will be removed from inside each indoor primary enclosure, 
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once per day, to prevent the primates from becoming soiled, and to reduce disease 
hazards, insects, pests, and odors. Care will be exercised when wash ing the primary 
enclosure so that the animals remain dry at all times. Primary enclosures will be 
sanitized every two weeks, or longer if it is necessary to decrease stress to the animals 
during the critical period (displaying clinical signs and symptoms related to acute 
radiation syndrome). The secondary enclosure (room) will be sanitized once per month. 
Foraging boards as well as other enrichment devices will follow the same schedule as 
the primary enclosures of the primate. 

Special care will be given to animals that have been irradiated as their natural 
immunity will be suppressed (more prone to infections). Irradiation boxes will be 
sanitized after every use or more often as needed. 

V.5.1.1. Study Room; Study rooms will be assigned by VSD. 

V.5.1.2. Special Husbandry Provisions: None 

V.5.1.3. Exceptions: None 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care 

All animals will be quarantined for 45 days prior to any experiment. For this 
study, NHPs will arrive at AFRRI after completing quarantine at supplier's facility. As 
per Standard Operating Procedures, investigator staff will monitor all animals at least 
twice daily during morning and afternoon rounds. Any abnormalities will be reported 
immediately to the on-call veterinarian and Pl or Pl' s staff. In addition, animals will be 
observed daily by this protocol's research staff. Any sick animal will be observed at 
least twice a day (early morning and late afternoon/night) by the research staff. When 
animals become ill or debilitated, a veterinarian will be contacted immediately to assess 
the animal and provide adequateiemergency care. If the animal becomes moribund, it 
will be euthanized as outlined in section V.4.6 Euthanasia. 

V.5.2.2. Emergency Veterinary Medical Care 

The on-call veterinary officer will be available via telephone 24 hours a day. The 
on-call roster is located outside the VSD conference room (Room fb)(Gi Ion the 
bulletin board and at the security watch desk. These procedures are in accordance with 
VSD SOPs. 

V .5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 

In this study, all primates will receive regular enrichment IAW VSD SOP 
VS0226, Nonhuman Primate Environmental Enrichment. Enrichment provided will 
include sanitizable toys, contact with husbandry and research staff, and visualization of 
conspecifics. To facilitate the consumption of food post-irradiation, the primates may be 
provided with an array of drinking and food products that will heighten their interest. 
Such items will include kool-aid type drinks, jello and yogurt (as examples of soft type 
foods), and bananas, sweet potatoes, and celery wUh peanut butter (as examples of 
harder type foods}. This brief listing is not meant to exclude any drink or food product 
that will aid in the consumption of diet designated for the animals depending on clinical 
observations; monthly enrichment can be modified per the veterinarian. 
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V.5.3.2. Enrichment Restrictions 

None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 
~ NAME I DEGREE I TRAINING I DATE PROCEDURES 
lOJlOJ 7 lofi-hour observa1io11\ 

1,3a,3b,3d,4,5, 7 (off-hour 
observation) 
1,3a,3b,3d.4,5, 7 (off.hour 
observation) 
1,7 {off·hour observations} 
1, 3b, 5 
7 jotf-hour observations) 
7 joff-hour observations) 
7 {off-Mur obseMl.lionsJ 

t'foceoure ana marnpu1auon ~vues: 

Code 1s Animal ha11df'1n9 and euthanasia 
Cod& i!= 'Surgery (aseptic l!:?Ctinlquej pr&- ar1d post-operative care 
Code 3= lnjee:tions pa-ip, 3b-sc, 3c:-gavsge) - CM say 3 if tt:iliMd in an manrpulalitms or add 3d-iv 
Gode 4• IBlood oollection um:l&r anesthesia (4a-cardiac, 4b-inferior vena oava,) 
Code !ii: Tissue collection (after euthanasia) - doesn't mied to be specific 

YRS IN OS 
" =EXPERIENCE 

lUJ\OJ 

Gode 6 = Implantation (provide details) 
Cc1ele 7 =Others - iptovide prototol specific manipulations or procedures for e.g .. tetro-orbltiil bleeding. tail vein injection, or drug 
delivery) 

Hands"on training for additional personnel wlll be provided by study staff 
designated as trainers by VSD or by VSD technicians using the animals and procedures 
described in the approved protocol. This will include pole and collar handling of Nl=IPs 
as well as blood collection and donation, gavage, and injections. The IACUC will be 
provided with updated records as training is accomplished. 

VII. BIOHAZARDSISAFETY 

ihere is no plan to use any potential biohazard. Standard laboratory safety precautions 
wlll be observed throughout this study. 

VIII. ENCLOSURES 
Form 310 
Ust of references 
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X. A.SSURANCE.S 

Protocol Title: Development of a lethality curve with supportive care in the Rhesus 
macaque ( Macaca mulatta) 

As the Principal Investigator on this protocol, I acknowledge rny responsibili ties and 
provide assurances for the following: 

A Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specffrcally 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made every effort to ens1.m~ that this protocol is not. 
an unnecessary duplication of previous experiments. 

tC. Statistical Assurance: I assure that I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis, and that 
the minimum number of animals needed for scientific validity will be used. 

·o. Bioha:zard I Safety: I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations, concerning radiation 
protection, biosafety, recombinant issues; and so forth , in the preparation of this 
protocol. 

IE. Training·: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically compe.tent and 
have been properly trained to ensure that no unnecessary pain or distress wtll be 
caused to the animals as a result of the procedures I manipulations. 

F. Responsibility: I acknowledge the inhere1nt moralj ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all! individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals, Additionally, I pledge to 
conduct this study in the spirit of the fourth "R", namely, "Responsibility," which the DOD 
has embraced for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

G. S·cientific Review: This proposed animal use protocol has received appropriate 
peer sdentlfic review and is consistent with good scientific research practice. 

H. Painful Procedure(s): ~ AM NOT (circle one) conducting biomedical 
experiments, which may potenti.ally ca .. use more than m~o· = · · or slight pai1n or 
distress to animals. If applicable, potential pain and/or distre s WILL . ILL NOT (circle 
one) be reli1eved with the use of anesthetics, analgesics and or tranquilizers. I have 
considered allternatives to such procedures; however, I have determined that alternative 
procedures ar1e not available to accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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Dear Team, 
After our meeting on 10/2/2015, we considered some refinements to the simulations to 
evaluate the impact of sample size and dosing schedule on the estimation of L030, 
LD50, and LD70. Based on the feedback, I estimated the middle 90%, of estimates for 
LD30, LOSO, and LD70 in each scenario. Designs with narrower ranges of estimates in 
my simulations will tend to provide rnore precise estimates. 
I evaluated 4 dosing regimens and 2 total sample sizes (for a total of 8 designs). This 
evaluation was done for each of three models: a model consistent with AXR01 data, a 
model with lower lethality curve, and one with higher, to ensure that the resulits will be 
robust across a range of possible true curves: 

• 4 dosing regimens 
o 8 doses spread uniformly from 6 to 9.5 (6. 6.5, 7, 7.5, 8, 8.5, 9, 9'.5) 
o 8 doses spread uniformly from 6.5 to 9 (6.5, 6.86. 7.21,7.57. 7.93. 8.29. 

8.64, 9) 
o 6 doses spread uniformly from 6 to 9.5 (6, 6. 7, 7.4 , 8.1, 8.8, 9.5} 
o 6 doses spread uniformly from 6.5 to 9 (6.5, 7, 7.5, 8, 8.5, 9) 

• 36 total animals versus 48 total 

Bottom Line: The dosing regimen highlighted above provided the mos1 precise 
estimates of LD30, LOSO, and LD70, regardless of which the three models was 
true. The advantage of this dosing regimen was relaUvely mod est, but it is the 
clear winner (because there is no trade-off that I know of). The advantage of 
using 48 total animals versus 36 was also relatively modest; the sample size 
decision requires a Judgement as it is a trade-off of increased efficiency versus 
the total cost. 
I considered three possible true mortality curves (as shown below) - where the blue 
curve represents the model from the AXR01 data, and the other curves represent shifts 
below and above that, ·ust to ensure we consider the otential for different true models 

Estinl~t•d P~obit Model from AXR01 a nd Two AlternaH Mod•ls 
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For each of these models, I evaluated B different designs. I varied doses (6 or 8}, the 
range of 1he doses (6 to 9.5 or 6.5 to 9), and the total number of animals studied {36 or 
48). 

Dosina Reaimen Total N=36 Total N=48 
# Doses Spread Animals Per Dose Animals Per Dose 

Doses Uniformly in this 
Interval 

8 6 to 9.5 Alternate Between 4 & s• 6 
8 6.5 to 9 Alternate Between 4 & 5 6 
6 6 to 9.5 6 8 
6 6.5 to 9, 6 8 

•Thus, for example. the doses were 6, 6.5. 7, 7.5, B, B.5. 9. 9.5: At Dose=6. there were 4 animals. and at Dose=6.5. 
there were 5, and Dose=7, there were 4 anima!s, and so on. This design had 36 animals. 
To determine the most efficient dosing regimen I looked across the four columns for 
each of the 6 rows in the plots below (i.e., 3 rows per total sample size). Each row has 
the same 1otal sample size and same model, so if any dosing regimen consistently 
provides increased precision, then it would be the best choice. In every comparison the 
boxes in the right most row which corresponds to 6 doses from 6.5 to 9 were narrower 
than the boxes in the other three columns. The differences were modest, but 
consistent. This dosing regimen corresponds to the highlighted one above. One caveat 
is 1hat differences in precision between the dosing regimens is not dramatic, so tnat If 
there is some other important consideration that favors a differen t dosing regimen, then 
it should be considered. Discussion about the total sample size choice follows after the 
plots. 

Results comparing 8 designs under 3 different true mortality models. The gray lines 
represent the true LD30, LOSO, and LD70 under each true model. The fourth column 
consistent! had smaller boxes. 
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Ihe choice between total N of 36 versus 48 is a different sort of comparison. By 
definition, the 48 will give more precise estimates, so it's a trade-off between the 
increased efficiency versus the additional cost associated with studying more animals. 
I assume that the above selected dosing regimen with n=36 versus n=48 (i.e., 6 doses 
between 6.5 and 9 each with 6 animals, versus the same doses with 8 animals) would 
be used. We look at the same box plots as on the previous page, but narrowing in oni 
the relevant panels. Each row illustrates the resu lts under each of the three models. 
We see the boxes associated with the larger sample size are clearly smaller, although 
differences are somewhat modest. Nonetheless, given that the usefulness of future 
designs depend on the curve being estimated reasonably well , this gain in efficiency 
may be important. 
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Doc 34 

May 20, 2016 

To: 1JACUC Chair 

Subject Thi!'i memorandum is for infonnatiomil purpose for protocol ~ ... (b-)(-
6
) ____ _. 

We recently conducted a full supportive care (blood transfusions and anribiotic tre.annents as 
necessary) NHIP experiment in two batches with 6 NHPs each; each NHP received a different dose of 
rncfiation (6.5, 7.0, 7.5, R.O, 8.5, and 9.0 Gy). In che first hatch, all scudy animals 1·eceived H combfoatlon 
of enro.floxacin and ceftio:fur as antibiotic treatments as directed by veterinarian and died by S.D 22. fo 
the second batch, enrofloxacin was used as the prefened antibiotic and ceftiofurwas used only as 
directed by the vcte1inurian: all but one of our Stlldy animals died by SD I 5. 

Batch 1 Batch 2 
Rud Number of Euthanasia Rad Number of Euthanasia 
dose transfusions (SD) dose trnnsfusi<rns (SD) 
(Gy) (Gy} 

6.5 2 22 6.5 2 12 
7.0 2 22 7.0 3 Still alive 
7.5 I 15 7.5 0 JS 
8.0 I 14 8.0 2 14 
8.5 3 15 8.5 3 14 
9.0 0 IO 9.0 2 15 

HistopathoJogy results of tissue indicate a large number of cocci bacteria present in the samples 
from batclh I (most likely Sm,ptococc11s sp.; Swphylococcus .\p.). Similarly, Chere were bact:erial cocci 
colonies noted in 4 of the 5 eutbanized animals from batch 2. In none of our past studies .has such 
prorninent bacterial presence in histopath()logical findings been noted. Furtbcrmure. butch two animals 
presented spikes .in neutrophil counts at SD- I, perhaps in i'er;ponse to infection. 

These results have led us to believe that the increascu mottality in these two batches may be 
due in pmt to "donnanf' antibiotic resistant bacteria within the first batch, which then "bloomed" as a 
result of radiation-induced immunosuppression; the infectio11 then spread to batch 2, prior to irradialion 
furthei- comprornising their overall health, leading to rapid deterioration of all an}t~ri!s ;vjthj: a rho11t 
time frame (3 d~iys). _ Bacterial cultures from the lone s~rviv<:)r of the second batctt' 1 

J fare 
under investigation for remaining bacterial presence, if any, and sensitivity. Acldit1ona1 y, a trect 
correlatjon couJd uoc be demonstrated between mortality and vendor/breeder of multiple srudies (4+) 
done over the coune of several years. 

A study of this natute is complex with a potential for multiple conttibuting factors to mortaUity. 
Several stt·atcg.ies have been adopted to ensure data integrity of future batches: we will employ n'.lore 
vigorous culture and sensitivity methods to ensure judicious use of antibiotics ancl take imy auditional 
precamions or recommendations by AFRR1 veterinarian.s. 

Sinccrdv 

Princ~pal Investigator 
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1(6)(6) Date 
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fb)16) I PhD Date 
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T elephone:ltb)(6) I 
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Date 

VI. STATISTllCAL REVIEW: A person knowledgeable In biostatistics reviewed this proposal and 
ensures tthat the numbar of animais used is appropriate to obtain sufficient data and/or is no~ excessive, 
and the statisHcal design is appropriate for the intent of the study 

1(6)(6) I PhD 
Statistician 
T elephone,"'!(6""')~"'6)----.! Fax!i6){6) 

Date 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations. the 
Attending Veterinarian was consul ted tn the planning of procedures and manipulations that may cause 
more tihan slight or momentary pain or distress, even if relieved by anesthetics or analgesics. 

Date 

VIII. S_AEEI_Y_ O_F_flC_ER: This animal use protocol received appropriate review for safety and 
biohazards. (Attat/1 copy of complett;ti AFFIRI Form 310. EH$ Research Protocol Hazard Analysis) 

1(6)(6) Oate 

IX. IACUC AIPPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and IJso Committee on ____ _ 

(Date} 

Date 
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PROT·OCOL TITLE: Screening potential drugs for radioprotection after total body 
irradiation using the laboratory mouse (Mus musculus) 

PRINCIPAL INVESTIGATOR: .... 1(0_><
5
_> ___......._ __ __.I Ph. D 

Research Biologist (AFRRI - SAD) 
Otfice:J6)<61 I Fax: f'l!l<6"1":)(6"'")----. 

1101<6> I 
CO·INVESTIGATOR(S): .... 1(6_)<

5 ..... l ......_ __ __,I Ph.D. 
Scientist 
Office:l'l!'l(6"1"1l)(6 ... ) ----. 

1(0)(6) 

AFRRI SCIENfilFIC RESEARCH PROTOCOL NUMBER: 

I. NON&TECHNICAL SYNOPSIS One of the major missions of Armed Forces 
Radiobiology Research Institute (AFRRI) is to develop non-toxic, safe, effectfive and 
approved (adioprotectors for use in victims of an accidental or delibera1e radiation 
exposure. AFRRI is involved in testin ~ various classes of drugs as radiation 
countermeasure agents under (Ol<4> interagency agreement. These drugs can 
stimuilate immunity, remove toxic ree radicals and/or activate biological systems to 
counteract the damage caused by ionizing radiation. In the present protocol, we 
propose to test new drugs and new formulations for their efficacy in radiation protection 
under the Intramural Screening Program recently established at AFRRI. In order to 
establish an optimum dose for radiation countermeasure studies, basic toxicity of 
various drug formulations will be carried out in mice. The toxicity studies will be 
followed by basic survival experiments in drug-treated mice using Cobalt-60 gamma 
radiation at AFRRI. Study endpoint will be thirty days post-irradiation survival. Once a 
drug shows efficacy either as a prophylactic or therapeutic agent. addttional studies 
which include drug dose optimization, effect of time of drug administration on 30-day 
survival> and a dose reduction factor to determine the effectiveness of the drugs will be 
performed. 

II. BACKGROUND 

11.1 . Backgr,ound Radiation exposure can occur in a variety of scenarios (1 ]i including 
nuclear weapons, accidental exposure in power plants, in nuclear submarines and via 
terrorist activities using radiological dispersal devices (RDDs) as well as during 
extended space travel. Acute effects of high-dose radiation include hematopoietic cell 
loss, immune suppression1 mucosal damage (gastrointestinal and oral), and potential 
injuries to other sites such as lung, kidney and central nervous system (CNS) (2). As of 
today, no radiation countermeasure is available for human use except recently 
approved drugs, Neupogen® and Neulasta®. Since these are of limited use, there is an 
urgent need to develop safer and more effective radioprotectors for national stockpile to 
protect emergency first responders and civilians from harmful radiation damage, This is 
a critical issue for combat commanders in the planning and execution of military 
operations [2]. 
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Over the years investigators have identified several classes of c~. ounds which act as 
radioprotectants. These include th iols [3), cytokines 4], steroids ~) prostaglandini 
analogs, antioxidants~and nutraceutical b) 

4
) Early searc es for radioprotec~ors 

have been dominated by the study of sulphydryl compounds such as amifostine [1 O]. 
Despite amifostine being considered a gold standard radioprotector because of its 
effectiveness in vadous species in minimizing the deleterious effects of ionizing 
radiation, it has not lbeen advanced for use during a nuclear event because of its 
significant performance -degrading characteristics [iO,[Jas·welkashy.poglycemic ... (b)(

4
) 

response [12). However, in clinical settings, its cytoprotective characteristics (protection 
of normal tissue without similar pro1ection of tumor tissue) have been effectively used. It 
has oeen app·roved tor clinical use in conjunction with cis · 1a1in and for · atients 
under oin rra.diotherapy for head and neck cancer (1 OJ. (bl<4> 

(b)(4) as a ro h lactic radiation counte-rm_e_a_s_u_r: __ b !!"!'!>--------. 
(b)(4) 

ere are a ew compoun s 1n .. 1 eren s ages o eve opmen , un 1 now only 
Neupogen® and Neulasta® are approved by FDA for limited use for treating AAS. 
Therefore, ther0e is an urgent need to develop small molecules/agents/compounds for 
national stockpile that are less toxic, and efficacious. 

AFRRI is involved in testing various classes of drugs as radiation countermeasure 
agents unde~(bx4> tnteragency agreement. These chemicals/drugs can stimulate 
immunity, remove toxic free radicals and/or activate biological systems to counteract the 
damage caused by ionizing rad iation. One of AFRRl's missions is to develop non-toxic 
radioprotectors and therapeutic agents which can be available to our emergency 
responders and uniformed personnel before deployment to a radiation exposed field . In 
order to fulfill AFRRl's mission; an Intramural Screening Program (ISP) has recently 
been established at AFRRI as a core program. Dn.1gs/compounds are brought to the 
Intramural Scteenin. Pro ram committee ISPC) by._ltb_)<4_i ___ ....--..--................ - ........ --' 

(bl 4) Drugs are reviewed by the ISPC an:d get 
approve or Jsapprove . or screening ase on available literature/data. We will folrow 
AFRRl ':s standard protocols used for screening radiation countermeasure drugs under 

l(bH4l linteragency agreement. In order to establish an optimum dose for radiation 
countermeasure studies, the basic toxicity of various drug formulations will be carried 
out in mice. Drugs will be tested for radioprotective efficacy (prophylactic andl 
therapeutic) after total ibody irradiation (Cobalt-60), Mice will be monitored for 30-days 
as study end point. Further studies (drug dose optimization, time optimization and dose 
reduction factor determination) will be performed with potential drugs which pass initial 
efficacy study. 

Classification of drugs (for the study): 
The new drugs included in the current protocol are :subject to legal reguirements of 
con i.d.eDtialit1_a_o.d_mate.daLt1ao.sleLa.J (aement (moderated by the(<6){4f )( ) .... ______ _, 
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Positive _controls used jn the su_rvival stud\!: 
I============' 1.Garnma·tocotrienol (GT3)'. Gamma0 tocotrienol 

(GT3}, Delta-tocotrienol and (DT3), and tocopherol succinate (TS) are tocols 
demonstrating radioprotective efficacy against high doses of radiation, These tocols are 
optimally eftiective when administered 24 h before Irradiation as their radioprotective 
efficacy can be negated through the administration of antibodies to G-CSF, an essential 
cytokine playing a.n important role in protection from ARS. AFRRI researchers have 
conducted multiple murine studies with CD2F1 mice (male) with several isomers of 
vitamin E. One of these isomers GT3, has demonstrated strong radioprotection in mice 
when administered subcutaneously 24 hours pdot to total body irradiation (TBI). 
GT3 dernonstrates alm - 1 0% radioprotective efficacy in mice against the LD90130 

dose of radiation (bl<4l Drug reduction factor (DRF) reported tor GT3 {200 mg1/kg} 
was1 .29 (b)(4l In several mouse studies done at AFRAI, GT3 has shown consistent 
results of 1 iQO% radioprotection at 200 mg/kg body weight 
2 . . Androstenediol (5-AED): Androstenediol is a direct metabolite of the most abundarnt 
steroid produced by th·e human adrenal cortex, dehydroepiandrosterone (DHEA). It is 
less androgenic and has been found to stimulate the immune system. Its potential use 
as~ radiation counter'."easure w.as .introduc~d at AFRRI with possible jmff;~4ism 
mainly due to st1mulat1on of production of white blood cells and platelets 
5-AED has been used as a positive control (80 - 100% survival when iven 24 h rior to 
irradiation at 30 mg/ kg subcutaneous_J ......,.in_- .... IA ..... c .... u ..... c ............... ro ..... -1 ..... 0 .... co .... -1 ..... P ..... #...__ _______ _ 

( ) 6) >W\ • ri\. ....... ..... .-. ....... --· •• _ .......... 
ao- t\-i"r.~.'""'~,-ro"W::rl'dr."!rt>-fr4 

~ ~' ~ 
l.g. <>!'On>~i.g ~ 
:t + 1001Tg1'g '\.-

.. 200,,o1<c \ ~ 
;:o .'!!. ~00 '1t9.\9 0-0-0.-0-0 ~ 

•Yetic.P 

0· ....... ~ ............ ,. 
I• 0 •D 1$ :JO 2& '.lO 

fmrt tfter 1tr•dia1ion (CIRJ'l l 

l-tAIJl"c2. R.•itio;r<1t•c:t'°""prc:fv11;fcifb~Gr.lit U 'v. th1ttvd,..,.~i.lrvl\l{;I of 1n1(<-
tn- l6'pfr t•OU'O}Ut'11 .. 41 l4 I\ he fore r~<""''"t l J Ot o1 Cnb~H.Og.tnin'la 
r.ad1af10ri. ~tlh~ !U~lt~ iroect1{1f\OfvEf'lide C>~ Twe~fl 80)01 GH~dosesor 
SO to 40:> m.e/kc tlod.,.welcht Mice- t~t•~cti~d~ GTld1l-St' of 100. 100_ )f\d 
4()0 frlfl/l&t')h\ln!t•d " \tr+Ul~<1IHfr~(1tt1Whoo1 Yl'~''tdl• {<)itH{tlfCIOup 
~ !Oi..0001. Ch .. so1.1~ 1(!-6'.14,df-•H. 

epresentative survival plot has been shown 
here, 

11.2. Literature Search for Dup~ication 

11.2.1. Literature sources Searched 
NIHRePORTER, PUBMED , Embase 
11.2.2. Date o1 Search 11 ~22~2015 to 12=12=2015 
11.2.3. Period o·f search The search period 
extended from 2009-present for NIHReporter, 

1970 to pr·esent for PubMed, 2006 to present for Embase. 
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11.2.4. Ke'y Words of Search Each individual term+ (radiation), + (radioprotection), + 
(radioprotection+mice) 
11.2.5. Results of Search Table 1. Literature search resulted the following hits as 
tabulated below: 

kEYWORDS PUB MED NIH Re PORTER Em base 
l(DJ(4) I 5 1 7 

l(b){4) It- radiation 5 1 I 5 
ltb)(4) Ii- radioorotection 2 1 I 1 

(b){4) ltradioprotection+mice 2 1 1 
j\Dl\4) I 1644 36 957 

l(b)(4) It- radiation 46 1 33 
l(Q l ld) I 2 0 1 

1 rac:lioproteclion 
l(b)(4) I ~ 0 0 

+ radioprotect1on+ mice 
1(0)(4/ I 6546 116 8140 

110)[4) I+ radiation 117 6 1~0 
l\0)(4) I + radioorotection a 0 4 

l(O)(~I I+ radioorotection+ mice 2 0 0 

Summary of the Search: literature fo~<bJ<41 lis mostly from the same research 
group which is providing AFRRI the dr f r testing and is specific to radioprotection. 
However, the ~ ro osed stud wit is not a du lication since the ublished work 
was done in tbl 4 

· nd is used to treat urea cycle disorders. It is 

Ill. OBJE~TIVE I HVPOT~ESI~ The overall objective of this pro~osal is to evaluate the 
~~ohylacho and theraoswt1c rfrc~?Y~ of ~~~ntermeasur~ agents I )(~) . .1 _ 
[> . in mice using a standardized screening protocol. We 
hypothesize that by screening these compounds, we will be able to identify a 
countermeasure which can be taken to the next step of evaluation for further 
development as a radioprotectant and/ or mitigator. Our goal is to develop a drug which 
is effective in prolonging survival in mice when given either before or after whole body 
radiation. 

IV. MILITARY RELEVANCE The current lack of availability of radioprotectors and 
therapeutic agents that are non-toxic, effective for use in victims of an accidental or 
terrorist nuclear event scenario is a major problem in preparing for such an eventual ity. 
Therefore. there is a desperate need to develop effective countermeasures to the 
pathological impact of ionizing radiation for use by emergency response personnel, 
military personnel in harm's way prior to deployment, and the general populat~on at risk. 
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Exposure to whole body irradiation of humans above a dose of about 1 Gy causes 
depletion of bone marrow progenitor cells, leading to neutropenia and increased 
susceptibility to infection. Exposure at doses above 2 Gy causes mortality in humans 
[2]. Our uniformed emergency personnel could be exposed to these levels of ionizing 
radiation in scenarios involving nuclear detonations or the use of other radiological 
weapons by international terrorist. One of AFRRl's missions is to develop non-toxic 
radioprotectors and therapeutic agents which can be made available to our emergency 
responders and uniformed personnel before deployment to a radiation exposed field. In 
order to fulfill AFRRl;s mission, an Intramural Screening Program (ISP) has recently 
been established at AFRRI as one of its core activities~ In the proposed study we will 
screen compoundslt6)(4) ] 

V. MATERIALS AND METHODS In this study we will test the efficacy of new drugs 
uslng either CD2F1 or C57BU6 mouse model. Reasons for choosing these strains of 
mice are (i) at AFAR! CD2F1 mice have been used for screening for countermeasures. 
(ii) In the literature many researchers use C57BU6 mice in their studies. (iii) In the case 
where results of the preliminary study are being val1idated at AFRRI. (iv) efficacy of 
drugs on varl,ed radio-sensitive strains 1271 can be addressed by testing on CD2F1 
(LD70/30 = 9,25 Gy) and C57Bl.J6 (LD?0/30 = 8.2 Gy), Drugs will be administered 
either subcutaneously or by orogastric gavage (see Section V.4.4). In case of drugs by 
orogastric administration, animals will be divided in two groups, with and without fasting. 
Animals will be fasted lor 5-8 h hours before drug adrninlstratlon. Before conducting the 
efficacy study, we will study the safety of these drugs by conducting a 14-day acute 
toxicity study. 

V.1. E.xperimental Design 
General experimental design: The experimental design for this protocol is divided in to 
5 subseehons and each subsection covers a specific area: 
Section v.1 .1 . : Basic acute toxicity 
Section v.1.2.: Survival studies to test efficacy as an ARS countermeasure 
Section v, 1 o3 , ; Drug optimization - survival studies 
S'ectio·n v.1.4.: Dose reduction factor · survival studies 
Section v.1.5.: Hematological studies - sublethal dose of radiation 

Section V. 1 .1. Basic Acute Toxicity 

We will lbe using the modified toxicity protocol Optimal (non-toxic) Drug Dose for 
screening (ODDS) which has been used in our previous protocols l~bJ(5l I 

116)(6) l at AfFRRI to determine maximum tolerated dose (MTD). The purpose of using 
the ODDS method is that it allows testing in one gender and requires fewer animals when 
compared to the FDA protocol. If the initial drug dose (based on recommendation from 
the sponsor or literature} doesn't show any signs of basic toxicity (using the clinical signs 
discussed in modified Policy#10, Appendix 1 ), then the drug dose will be escalated! 2 - 3 
fold. However, if toxicity is observed, then the drug dose will be reduced by 2 - 3 fold or 
as suggested based on the discussion with the company [28]. For either scenario 
(escalation or reduction 2 - 3 fold), the IACUC will be notified by memorandum. For 
survival! studies we will use 1/4th of the observed non-toxic dose. A maximum of six 
animals per drug dose will be used to evaluate toxicity, and will be monitored daily for 
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acute (1 to 4 hand up to 14 days) signs of toxicity after administration of drug. Signs of 
acute toxicity include decreased activity, squinting ey·es, hunching, labored breathing or 
mortality {see modified Policy#10, Appendix 1). Animals will be euthanized on day 14 and 
gross necropsy will be carried out by the research staff for any abnormal pathology in all 
major organs. Research staff will also collect tissues by Pluck method {28). 

Serum biochemical and whole blood hematological te.sts: Whole blood will be collected 
under anesthesia on day 14 after drug administration (see section V.4.4.2 for Blood 
collection} and blood will be transferred to EDTA tubes for hematological! analysis. The 
rest of lthe blood will be transferred to serum tubes for serum collection for biochemical 
analysis. Hematological parameters (CBC/differential) will be analyzed using an Advia 
2120 hematology system from Siemens Corporation, or replacement analyzer, if 
necessary. Serum biochemistry will be done using either Vittos 350 (ma.nutactured by 
Ortho) or Daytona Plus (manufactured by Randox) or any other suitable analyzer. 

G E tlD T I f I eneral xpenmen a esi( n: ota no. o amma s reQU1red 
Drug Groups Route of Diet CondlUon # of i!ltlimals End point 

Injection (whole blood) 
Na'ive 6 
V~hicle - 6 

Drug 1 
DtuQ dose 1 SC NIA 6 CBC/[)ifferentia~. 
Drua dose 2 6 Serum Biochemnstry 
Druci dose 3 6 
Druadose 4 6 

Naive 6 
Vehicle 6 

Drug 1 
Drua dose 1 PO Fasting 

6 CBC/IDifferentia~. 
Drua dose 2 6 SeMn Biochem~stry 

Orua dose 3 6 
Drua dose 4 6 

Naive 6 
Vehicle 6 

Drug 1 
Drug dose 1 

PO Fed 6 CBC/[)ifferentia~. 

Drua dose 2 6 Serum Eliochemi:stry 
Drua dose 3 6 
Drug dose 4 6 

Naive 6 
Vehicle 6 

Drug 2 Drug dose 1 SC NIA 6 CBC/[)ifferentiaB1 

Drua dose 2 6 Serum BiochemitSlry 
Drua dose 3 6 
Drua dose 4 6 

Naive 6 
Vehicle 6 

Drug 2 
Drua dose 1 PO Fasting 6 CBC/Di lferentia~. 
Drug dose 2 6 Serum Biochemiistry 
Drua dose 3 6 
Drua dose 4 6 

Naive 6 
Vehicle 6 

Drug 2 Drua dose 1 PO Fed 6 CBC/Dlfferentiall, 
Drug dose i 6 Serum Biochemistry 
Drua dose 3 6 
Drug dose 4 6 

Drug 3 
Na'ive 

SC NIA 6 CEIC/lOifferentiaN, 
Vehicle 6 Serum Biochem~stry 
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Drua dose 1 6 
Druadose 2 6 
Drua dose 3 6 
Drua dose4 6 

Na'ive 6 
Vehicle 6 

Drug 3 Drua dose 1 PO Fasting 6 CBC/Oifferentian, 
Drua dose 2 6 Serum Biochemistry 
Drug dose 3 6 
Drua dose4 6 

Na iii~ 6 
Vehicle 6 

Drug 3 Drua dose 1 PO Fed 6 C$C/©ifferential1, 
Drua dose 2 6 Serum Biochemistry 
Drua dose 3 6 
Drug dose 4 6 

Total# of an imals 324 

V .1.2. emcacy of drugs as radiation countermeasures - survival studies (Gen:eral 
design) 

1) We will use the LD70/30 - LD90i30 radiation dose, a dose that results in 70% - 90% 
mortality within 30 days following exposure for all drugs we wish to test to preclude 
addi'tional amendments. 

2) There .a.re three major arms to the survival study: one prophylaxis (24 h pre-TBI), and 
two mitigation (post-irradiation) arms, namely 4 hand 24 h post-TB!. 

3) Survival of ~30% over vehicle is considered the 'pass criteria'. 

The efficacy of each drug in enhancing survival of lethally irradiated CD2F1 or C578L/6 
mice will lbe tested in both the prophylactic and therapeutic regimen (-24 hi, +4 h or +24 
h after exposure [O h]) as described below. This regimen could be changed based on 
the discussions with the company and preliminary data available tor a specific drug. A 
memo willl be submitted to IACUC before the study begins. 

Each study wHI consist of 1 positive control (GT3/ 5-AED), 1 negative control (5% 
tween80®=saline/ PEG400) and 3 groups (Drug, vehicle and Naive if the vehide is other 
than PBS or saline) at 3 regimens (-24 h, +4 and +24 h) 

General Experimental Design of Survival Study for 1 drng: 

Groups Route of injection Regimen Diet Condition It of animals 

5% lween80®-safinef PEG400 10 
SC -24 h NIA 

GT3/ 5-AED 10 

Nai've 24 

Vehicle PO -24 h Fas1ing 24 

Drug 24 

Naive 24 

Vehicle PO -24 h Fed 24 

Drug 24 
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Naive 24 

Vehicle PO +4 h Fasting 24 

Drug 24 

Naive 24 

Vehicle PO +4 h Fed 24 

Drug 24 

Naive 24 

Vehicle PO +24 h Fasting 24 

Orug 24 

Naive 24 

Vehlcle PO +24 h Fed 24 

Drug 24 

Naive 24 

Vehicle SC 024 h Fed 24 

Drug 24 

Naive 24 

Vehicle SC +4 h Fed 24 

Drug 24 

Na'ive 24 

Vehicle SC +24 h Feel 24 

Drug 24 

# of animals lor 1 drug 668 

Total #! of animals for 3 drugs 2004 
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Specific experimental designs for 3 drugs described below: 

Experimental design forfb>C4J I 
Based on recommendation from lbl<4).<b><5> 

fb>(4> !{Section II, Bao'-k-g-ro-u--n-d ... ) .... b ... a ... s ... ic ... a ... c ... u ... te ... t ... ox ... i ... ci""'ty ... s ... tu .... d .... y ... t"""o..,r < ..... b>.,.,.<4""'; ....... ...,... __ .... ill ... b~e 

conducted at 1800 mg/kg administered orally by gavage to fed and fasting (fasted for 5; 
8 h prior to drug administration) mice. If the drug dose of 1800 mg/kg is found to be 
toxic, then lower dose ( 1500 mg/kg) will be tested for toxicity_ Maximum tolerated dose 
(MTD) will be determined from this study. 

Toxic ity study 

Drug Groups Route of Diet Cond ition # of anlmals End point 
Infection (WhC?IG blood) 

Naive 6 
CaC/Differentla~. Water PO Fasting 6 Serum eiocllem~stty 

(b)(4) I l(b)(4) I at 1800 malko 6 
NaTve 6 

CBC/[)ifferentia~. Water PO Fed 6 
l(b)(4 ) 13t 1800 tnalka 6 

Serum Biochemi.stry 

Total ti ohnimala 36 

30-day survival study will be carried out at 1/41h of the MTD of(l6ll4l !(determined in 
the toxicity study) administered orally by gavage 1 h prior to TBI (Radiation dose 
LD70/30 determined by the probit curve which will be generated in February 2016, at 
the rate of 0.6 Gy/min at AFRRI). Survival study will involve two groups of animalls
fasting (for 5·8 h prior to administration) and fed mlceJ<b)(a) lwill be administered 1 h 
prior to TBI. Animals will be monitored for 30 days post~TBI. Endpoint of the study is as 
described in Section V.4.5. Study Endpoint. 

Survivar1 study 

Groups 
Adm I nlstratlon Route of Diet Condition #01 
time polnt(s) Injection animals 

5% tween80®·saline/ PEG400 -24 h SC Fed 10 
GT3/5---AED -24 h 10 

water 
-1 h PO Fasting 24 

l(b)(4) I 24 
w.atet 

-1 h PO Fed 
24-

l(b)(4) I 24 
Total # of animals 116 

CD2F1 mice will be used for the toxicity and survi val study 0~{6)(4) I The animals. 
for these .studies are included in the total animals requested in this pro1ocor. 

Ex erimental dest n for - Basic a.cute toxicity study will be conductedl 
at 100 mg/ kg administere . in th~'?afJ of the neck of mice. !lrug dose 
determined from the literature information of MT · Section II, Background) . !ff the 
dose of f>B at 100 mgfkg (sc) is found to be toxic, ower dose (50 mgikg) will be tested 
for toxicity. Maximum tolerated dose (MTD) will be determined from this study. 

Toxicity study 

Drug Groups Route of 
in·ection 

Diet 
Condition 
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Naive 6 
CElC/Oifferential. (U/\'+) Saline SC N/A 6 

l(b)(4) lat 100 mQ/kn 6 
Serum Biochemistry 

Total# ot animals 18 

Survival study will be conducted at 1/41h of the MTD of~dministered subcutaneously 
24 h pre-TBI, 4 h post-TBI. (Radiation dose LD70/30 determined by the probit curve 
which will be generated in February 2016, at the rate of 0.6 Gy/min). Animals will be 
monitored for 30 days post-TBL Endpoint of the study is as described in Seclion V~4,5. 
Study Endpoint. 

Survival study 

Groups 
Administration Route of Diet Condition tot 
time point(&) Injection animals 

5% tween80®-salinai PEG400 ·24 h SC Fed 10 
GT3/ 5-AED -24 h 10 

Saline 
-24 h SC Fed 24 

f,OJ(4) I 24 
saline 

+4 h SC Fed 
24 

ll0J(4} I 24 
Total II of animals 116 

c D2F1 mice will be used for the toxicity and survival study of101
l
4

J I The 
animals for these studies are included in the total animals requested in this 
protocol. 

Experimental design for!<bX4> 

T2xi~ilx 1l1.1dx Groups Route of Diet # of animals End point 
Drua iniectlon Condition (whole blood) 

~Eij\<l) 
Naive 6 CBC/Differential, 

I ~11lini'l SC NIA 6 Serum 
1(0)(4) I 6 IBiochemistrv 

Tot•I # ohnlmals 18 
Survival study 

Groups 
Administration Route of Diet Condition #of 
time polnt(s) Infection _ animals -

5% tween80®·salinel PE:'3400 -24 h 10 
GT3/5-AEO -24 h SC Fed 10 

Vehicle 
-24 h SC Fed 24 

l(O)(~ I I 24 
Vehicle 

+4 h SC Fed 2A 
l(b)(4) I 24 

Veh!cle -24 h SC Fed 10 
Tot•I #of animals 126 

Radiation dose, drug dose, strain of mice (CD2F1 or C57BU6} for toxicity and survival 
studies of 11waj I will be decided later. The animals for these studies are included 
in the total animals requested in this protocol. 

Estimated numbers of animals for toxicity studies: 

Drug # of mic& for 2 it&rationa 

l0)(4J I 36 )( 2: 72 
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Estimated numbers of animals for survival studies: 

Drug # of mice for 2 iterations 

(b)(4) 116 x 2; 232 

116 x 2 = 232 

126 x 2 = Z52 

Totld 718 

Section V.1.3. Optimization studies: Optimization studies will be initiated only if any of 
the drugs tested meets the AFARI criteria. of ~30% survival than vehicle in the 
preliminary radiation survival screen. These studies will be conducted in the mouse 
strain (CD2F1 or C57BL/6) which was used for the survival studies. Assuming1 that three 
drugs meet the AFRRI criteria, we request animals to carry out optimization studies and 
DRF for three drugs. 

Drug dose optimization study: 6 groups (Five drug doses determined based of the 
Survival study+ 1 vehicle) x 1 radiation dose x 2 regimen (pre- and post-exposure) x 1 
route (sc or po} x 3 drugs (chosen based on the efficacy (;?30% survival compared to 
the vehicle group) in the survival study) x 24 animals per group 

Sub1otal ~ 864 mice (CD2F1 or C57BlJ6) 

Time optimization study: 4 different time points (determined based on Survival study) x 
2 groups (1 optimum dose [based on the Drug dose optimization study) + 1 vehicle) x 1 
radiation dose (LD?0/30) x 1 route {sc or po) x 3 drugs x 24 animals per group 

Subtotal = 576 mice CCD2F1 or C57BLJ6} 

Section V.1.4. Dose reduction factor study (ORF): 

Tlhe dose redudion f.actor (ORF) studies will use the optimum drug dose and times to 
evaluate the e'tlectiveness of the drug against a range of radiation doses at the rate of 
0.6 Gy/min in CD2F1 I C57BL/6 mice. 

6 irradiated v·ehicle groups (8.5, 9, 9.5, 10, 10.5 and 11 Gy, 0.6 Gy/min)* + 6 irradiated 
drug groups (8.5, 9, 9.5, 10, 10.5, and 11 Gyr x 24 mice per group x 3 drugs . 

Subtotal = 864 mice (CD2F1 or C57BL/61 

"'These radiation doses are projec1ed based on an earlier probi1 study and are considered guidance. The 
appropriate radiation doses will be determined using the new dosimetry map (Feb 2016) and the IACUC 
will be notified by memorandum. 

Section V.1.5. Hematology. clinical chemistrv. and bone marrow studies .These studies 
are anticipated only for those candidates that demonstrate 30% increase in survival. 
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Data from these studies will form the basis of understanding the mode of action of the 
drug, 
3 groups (NaTve +vehicle+ drug) x 7 time,,;points (0, 1,4,7, 10, 14 and 30 d post= TB I) x 
1 o mice per group x 1 route of administration x 2 drugs 

Subtotal = 420 mice (0D2F1 or C57BL/6) 

2 experimental groups (vehicle-irradiated. Drug-irradiated) x 7 time-points (0, 
1,4, 7, 10, 14 and 30 d post-TB I) x 10 mice per group x 1 route of administration x 2 
radiation doses x 2 drugs 

Subtotal = 560 mice (CD2F1 or C57Bl.J6) 

Grand total no. of mice required in this protocol : Toxicity (324) + Survival (2004) + 
Optimization (1440) +ORF (864) +Hematology (980) = 5612 

V.2. Data Analysis Alli data will be reported as means with standards errors or 
percentages where applicable. 
Basic Toxicity (ODDS) - This is a qualitative study so no additional statistics will be 
conducted. 
Preliminary survival study - Based on the power analyses. the sample size (n==24) is 
adequate ~o provide 80% ~ower required to detect significant difference between t_wo 
groups, if any. Previous1ypt6) I n=24 was used in 30-day 
survival studies to determine if there is 30% improved survival in the drug group 
compared to vehicle. Data will be represented as Kaplan-Meier survival curves. 
Comparison of the survival curves will be made using Log-rank test will be used to 
compare survival curves. A p value of < 0.05 will be considered significant. 
Experiments will be repeated once with 24 mice per group, thus providing adequate 
statistical power for any conclusions in the survival studies. Experiment V.1.4. (Dose 
Reduction Factor study) probit analysis and estimation of ORF will be done using IBM 
SPSS Statistics 22 software or any other certified software. In the experiment V.1.5, t
test, Fisher's test or ANOVA will be used to evaluate the outcome and comparisons. 

V.3. laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered Although high throughput screening and 
computer modeling have advanced significantly in recent years in identification of 
promising drugs, it would be simplistic to assume that cell systems or artificial 
intelligence modeling can replace the data that can be generated by using an animal 
model. Irradiation of animals will resu lt in a cascade of changes including death of stem 
and progenitor cells in bone marrow, alterations in signal transduction pathways, 
multiple organ dysfunctions etc. due to differing radiosensitivities of organs. Currently, 
there are no alternatives in existence that can predict or compute the complexity of the 
response to total body irradiation. The US FDA recognizes the ethical considerations 
involved in testing the efficacy of radioprotective drugs in humans. The ref ore FDA 
requires preclinical drug assessments (safety and efficacy) to be performed using both 
small and large animal models [29] prior to granting approval for safety testing in 
humans. 
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V.3.2. Animal Model and Species Justification R.ecent advances in molecular 
techniques have allowed significant improvements in understanding the cellular and 
biochemical processes. These advances are possible only due to whole animal 
modeling of human ailments. The mouse, in particu lar, has high sequence homology to 
humans at a genomic level as well as similar hematological and immunological 
response to radiation, Mouse models not only confirm primary pathologicaJ processes 
but have also provided a venue for studying basic molecular, cellular, biochemical, and 
cytological processes. Furthermore, there are extensive data on the mouse for 
comparison, review and analysis. The practicalities of breeding and housing these small 
mammals have made the mouse model invaluable. The Principal lnvesti'gator's g1roup at 
AFRRll has significant training and experience in handling mice in radiation 
countermeasure studies. In this protocol, we will use CD2F1 or C57BL/6 mice. The Pl 
also has used these strains in previous studies. 

V .3.3. Laboratory Ani1mals 

V.3.3.1. Genus I Species Mouse, Mus muscu/us 

V.3.3.2. Strain I Stock CD2F1' C57BL/6 

V.3.3.3. Source I Vendor Harlan Inc., Jackson laboratories or any other approved 
vendors 

V .3.3.4. Age (Procure:ment) 7-8 weeks 

V.3.3.5. Weight (delivery) 20~.24 grams 

V.3.3.6. Strx Males have been used historically and will continue to be used in tlhis 
study. 

V.3.3.7. Special Considerations 
Commercially procured animals must be adventitious disease free (see Appendix 2). 

V.3. 4. Number of Animals Regulred (~ soecles) Table 
Animal (genus. species Study Original 

and common names) 

CD2F1 (tl)(4) !(Toxicity and survival) 304 

CD2F1 [0)(4) l(Toxlcliy and survival) 268 

CD2F1 or C57Bl/6 l(b)(4) !(Toxicity and survival) 288 
CD2F1 or C57Bl/6 Future 3 studies 4752 

Total# of animals 5612 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 
Pl will take necessary steps for all personnel in the project to be rigorously trained in 
handling techniques (Tail-tattooing. ear-punch, injections, blood collection, orogastri,c 
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gavage and routine cage-side observations) to minimize distress and pain to the 
animals. Spedfically, during capture and restraint of the rodents, care will be taken to 
ensure that handling does not contribute to distress. 
V.3.5.2. Reduction 
fhe protocol will use a tiered approach to reduce the number of animals for testing 3 
drugs/ year. Although basic toxicity and survival will be carried out on all the drugs, 
addiltional studies will depend on the initial results from survival study. Positive controls 
and negative controls are used to confirm robustness of experimental conditions andl 
drugs that don't meet our minimal criteria of 30% increased survival over the vehic~e 
control wHll be eliminated. Based on previous experience, we have proposed that only 3 
drugs may be advanced for optimization and dose reduction factor studies (Section 
V. ~ .3 and V.1.4 ). Further, control groups (such as vehicle) will be shared whenever 
possible betwe,en drugs that are dissolved in similar vehicles. ln classical toxicology 
testing, groups of 10-20 mice and both sexes were routinely used ~ in using the ODDS 
method '(current protocol), we have reduced the number of animals to 6 per group, and 
use only males, thereby reoucing animal numbers significantly. Four drug doses have· 
been proposed for toxicity screening; however, in some cases a smaller number mighit 
be s·eleded based on literature search and recommendation by the manufacturers. 
Similarly, two routes of drug administration have b~en contemplated in the experimental 
design; but depending on the existing data and company suggestions, a single and 
optimal route may be chosen. Wherever possible we have reduced the number of 
repeats planned for the experiments shown above. 

V.3.5.3. Replacement 
It is not feasible to use non-animal systems, nor a less-sentient model, in place of the 
rodent animal models to address the questions in this project. 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

V .4.1.1. AfPHIS Fo'rm 7023 Information 

V.4.1.1 .1. Number of Animals 4144 

V.4.1JJ.~. Column C 

V.4.1.1.1 .2. Column D 

_a_(# of animals) 

_o_ (#of animals) 

V.4.1.1.1.3. Column E _5612_ (#of animals} 

V.4.1.1.1.4. Pain Category Assianments 
EXD.# ExDerimental/Control Grouo 
V.1.1. ODIDS safetv/toxicltv studV 
V.1.2. Radiation survival studies 
V.1.3. Dose and Time ootimization 
V.1-4. ORF 
V.1 . .S. Hematology 
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c D E Totals 
5612 5612 

V.4.1.2. Pain Relief I Prevention Animals can experience pain and distress. Minimizing 
and alleviating pain in laboratory animals without compromising the methodological 
integrity of a research project is important both ethically and legally. Mice often exhibit 
pain and distress with only subtle changes in their behavior [30]. Potential signs 
associated with pain and distress in mice includes decreased food and water 
consumption. weight loss, self-imposed isolation/hiding rapid breathi,ng, open-mouth 
breathing. abdominal breathing, decreased movement, abnormal posture. muscle 
rigidity, twitching. trembling, tremor, etc. as included in Appendix 1 {sample scoring 
sheet for clinical observations with criteria for rodent euthanasia) in modified IACUC 
policy#1 O (Guidelines for establishment of early endpoints in experiments with expected 
mortality, Appendix 1 ). 

v .4.1.2.1 . Anesthesia I Analgesia I Tranqu i lization 
The protocol wHI not use anesthetics or analgesics during radiation since they will 
adversely affect the outcome of the experiments or during oral adrninistraticru of drug. 
The proposed study is to determine the effects of radiation and countermeasures on the 
function of the immune and blood forming systems. Use of any analgesics and 
anesthetics would interfere with the function of the immune system and therefore 
compromise the interpretation of the results [31]. Topical antibiotics will be applied if 
wounding occurs via in-cage fighting, under the guidance of the clinical veterinarian in 
accordance with standard treatment measures. 
Anesthesia using standard lsoflurane apparatus under the guidance of the VSD will be 
carried out in mice for blood collection. All personnel will be extensively trained tor 
efficient administration of the agents as well as to minimize handling stress. 
Animals will be placed in the lsoflurane chamber and delivered a metered amount of 3-
5% lsoflurane mixed with 100%, oxygen (oxygen at the flow rate of 500-1 OOOcc/min) 
until all voluntary motor movement ceases and the animal is recumbent for 
approximately 1 o seconds. Animal's respiration rate will be closely monitored through 
the Plexiglas chamber during induction of anesthesia. When animals are recumbent, 
they will be removed from the chamber and their nose/mouth placed in the anesthesia 
apparatus breathing/gas administration cone for maintenance of anesthesia at 1-3% 
l.soflurane and 100% 02. 

V.4.1.2.2. Pre- and Post-procedural Provisions Mice will be housed under standard 
conditions both before and after radiation procedures in accordance with current VSD 
rodent husbandry Standard Operating Procedures (see section V.5) . 

V .4. l .2.3. Paralytics N/ A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched AGRICOLA, PubMed. EMBASE 
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V.4.1.3.2. Date of Seamh 12-07-2015-12-14-2015 

V .4.1.3.3. Perioct of Search AGRICOLA: 1987~201 4, EM BASE 197 4-present 
PubMed -1970 to present. 

V.4.1.3.4. Key Words of Seaf'ch Radiation and pain, l<6R4) !toxicity and pain, 
l(bl<4> !toxicity and painJb><4l I and toxicity andl paln, analgesia, alternative, 

humane, alternative methods to blood collection by cardiac stick and inferior vena cava. 
In order to increase specificity of literature review, several combinations such as radiation 
plus specific drug, radiation plus specific drug plus mice, alternatives to blood colllection. 

V.4.1.3.5. Results of Search 
'fable 2:Summary of Database Keyword Searches 

Hits 
Key-words PubMed AGRICOLA EM BASE 

(b)(4) IAND radiation AND pain 0 0 0 --

IAND analoesia AND pain 0 0 0 
~(b)(• ) IANO radiation AND oain 0 0 0 

IAND analoesia AND pain 1 0 0 
(0)(4) IANO radiation AND paih 0 0 g 

!AND analqesia AND pain 2 0 4 
Radiation AND mouse AND pa.in 234 0 224 

lfb)(4) ~ND toxicity ANO pain 0 0 0 
l(b)(4) Ji>.ND toxieitV AND pain 0 0 0 

l(b)(4) IANO toxloitv AND oain 4 0 14 
Alternatives to blood cofiection by cardiac stick and 0 0 0 

inferior vena cava 
Pain AND analgesia And mice 1873 52 223'6 

Radiation AND mouse AND pain AND alternative 5 0 11 
Radiation AND humane 12 0 34 

-
lhere are no alternatives to irradiation. While radiation itself does not cause pain or 
distress, it induces a number of changes in the body that alters immune response and 
destroys hematological tissues, resulting in opportunistic infections, and 1111.Jlti-organ 
dysfunction leading to death, It is anticipated that animals e·xposed to high lethal radiation 
doses will become moribund. Unfortunately, literature clearly demonstrates that use of 
analgesics alters radiation response and therefore leads to increase in animal number for 
better statistical results or for iteration of entire experiments, Since the purpose he.re is to 
compare the efficacy of the three experimental drugs we will be unable to use analgesics 
and anesthetics because they may interfere with the innate system [31]. 

V.4.1.4. Unaneviated Painful ot Disttessful Procedure Jostification 
Because exposure to irradiation is potentially lethal or causes debil itating effects in 
humans, it is ethically impermissible to test the effectiveness of radration 
countermeasures on human volunteers. Irradiation compromises the immune and blood 
forming systems leading to mortality. The radiation-induced mortality and potential 
percentage increase of survivors over 30 days using potential radiation 
countermeasures are study endpoints for this protocol. Administration of drugs and 
analgesics is not an option since it is well documented that they interact with the 
immune system which will confuse the Interpretation [32-34]. Pain relieving measures 
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are not used because such measures may compromise the experimental integrity of the 
study. All moribund animals will be euthanized by C02 inhalation and confirmatory 
cervical dislocation (see Section V.4.6 Euthanasia). 

V.4.2. Prolonged Restraint 
The experimental animals will receive radiation at a dose rate 0.6 Gy per/min in the 
AFRRI Cobalt 60 gamma radiation facility. Animals will be irradiated in Lucite boxes (8 
animals/box) and arranged in an array (according to the latest dosimetry map) using 
plastic racks. Mice will be inserted into the standard radiation boxes just prior to 
irradiation (-15 min of exposure time) and taken to the cobalt facility for irradiation. 
Animals will be restrained for no more than 60 min and returned to cages at the end of 
the irradiation period. They will be monitored dally following modified IACUC policy#1 o 
(Guidelines for establishment of early endpoints in experiments with expected mortality) 
(at least three times a day during critical period with no more than 10 h interval between 
late night and morning check and at least twice a day during non-critical period) for 30 
days and euthanized at the completion of the observational period. 

V.4.3. Surgery N/ A 

V.4.3.1. Pre-surgical Provisions N/A 

V.4.3.2. Procedure(s) N/A 

V.4.3.3. Post-surgical Provisions N/A 

V.4.3.4. Location N/A 

V.4.3.5. Surgeon NIA 

V.4.3.6. Multiple Major Survival Operative Procedures NIA 

V.4.3.6.1. Procedures N/A 

V.4.3.6.2 Scientific Justification NIA 

V.4.4. Animal Manipulations 

V.4.4.1 Ear punch: 
Three animals/ shoe box for toxicity studies and tour animals/ shoe box for survival 
studies will be housed. They will be identified either by ear punch or tail tattoo. 

Procedure for ear-punch 
a. Soak the ear punch (Fine Science Tools, Cat# 24212) in a disinfectant (70% 

ethanol) before use and between animals. 
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b. Restrain the mouse manually. Place the device on the pinna of the ear (external 
ear) where the skin is thin avoiding the cartilage. Press firmly to punch a circular 
hole through the ear 

Tattoo procedure: Tattooing will be done either with a machine from Labstamp system 
following the SOP provided by the company or any other machine certified by VSD. An 
alphabet followed by two digits will be used as a numbering scheme (e.g. A 11 ). 

Irradiation: 
These will follow the standard AFRRI protocol with mice placed in restrainers shortly 
prior to exposure, irradiation at the cobalt facility and return to VSD for further 
monitoring. Briefly, the experimental animals will receive radiation at a dose rate of 0.6 
Gy per/min in the AFRRI Cobalt 60 gamma radiation facility. Exact dose of radiation will 
be determined based on the probit curve. Animals will be irradiated in Lucite boxes (8 
animals/box) and arranged in an array (the latest dosimetry map) using plastic racks. 
Animals will be restrained for no more than 60 min and returned to cages at the end of 
the irradiation period. They will be monitored daily following modified lACUC policy#1 O 
(Guidelines for establishment of early endpoints in experiments with expected mortality, 
Appendix 1) (3-4 times a day during critical period with no more than 1 o h interval 
between late night and morning check and at least twice a day during non-critical 
period) for 30 days and euthanized at the completion of the observational period. 

V.4.4.2. Oral gavage: 
Oral administration will be done by orogastric gavage undertaken using 20-24 gauge 
gavage needle (animal feeding needles, disposable-sterile, non-toxic and nonpyrogenic, 
1" length curved gavage needle). Non-disposable, metal ball ended, oral gavage 
needles of similar gauge and length are included as an alternative to the disposable 
needles. Drug volume will be 0.1 - 0.2 ml (maximum volume 10 - 50 ml I kg). Drug 
dosage will vary from one drug to another based on discussions with the company 
which is providing the drug. The animal will be restrained in a vertical position to align 
the spine straight. The bulb will be introduced into the mouth horizontally. Using the 
needle as lever, the syringe will be moved into a vertical position and the needle 
dropped down the esophagus into the stomach. The needle contents will be 
administered when the needle hub touches the animal's mouth. All precautions will be 
taken to ensure that the placement of the needle is properly positioned and that the 
animal is not in distress. No forceful feeding will be done to prevent perforation of the 
esophagus. 
lnjec1ions: 
Subcutaneous injections will be given with a 23 - 25 G, 5/8" needle to the nape of the 
neck of 0.1 ml (maximum volume 1 ml for 25 to 38 g animals). A disposable sterile 
needle will be used for all sc injections. One needle will be used per cage containing 
generally 4 animals. Endotoxin testing for all drugs will be completed prior to any animal 
testing at AFRRI and a report submitted for IACUC/VSD review and approval. The 
endotoxin tests are conducted by Charles River Laboratories. At the same time, pH will 
be tested to ensure that it falls in the range (6-8 for sc administration) stipulated by 
IACUC. It is expected that the osmolality will not be more than AFRRI IACUC's 
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recommended levels {IACUC Policy#9: Non-pharmaceutical grade experimental drug 
formulations to be used in experimental animals). 
Blood C'ollection: 
Mice will tbe anesthetized as described under section V .4.1.2.1. (Anesthesia). Bl!ood 
draw for hernatology is collected ellher by cardiac stick or from the inferior vena cava 
(IVC). The animals will be deeply anesthetized in the rodent anesth,esia machine; the 
tail and the toe will be pinched tor reflexive movement, indicative of insufficient 
anesthesia. If there is no response, the animal will be moved to the station with 
individual nose cone for continued anesthesia. 70% ethanol will be sprayed on the 
abdominal ar·ea of the animal. An incision will be made on the right side below the 
abdomen of the animal, closest to the IVG, the vein exposed and blood withdrawn with 
a 23 - 25 G, 5/8'; needle. Similarly. a 23 - 25 G, 5/8;; needle will be used to perform 
cardiac stick while the animal is positioned under nose cone anesthesia. Im both cases, 
the animals will be immediately euthanized on completion of blood draw by cervical 
dislocation. 

V.4.4.1.1. Pharmaceutical Grade Drugs 

V.4.4.1.2. Non-Pharmaceutical Grade Druas Research oradel<0
>(

4
> 

lDJl4) 

V.4.4.2. Bio.samples Blood and tissue 

V.4.4.3. Adjuvants NIA 

V.4.4.4. Monoclonal Antibody (MAb) Production NIA 

V.4.4.5. Animal Identification Generally, cage cards will be used to distinguish drug
treated and control groups. Animals will be randomly distributed in groups. Animals will 
be identified by ear rpunch or tattoo at investigator's discretion. Ear punch wilt be 
performed as described in V.4.4.1 . 

V.4.4.6. Behavioral Studies NIA 

V.4.4.7. Other Procedures N/A 

V.4.4.8. Tissue Sharing N/A 

V.4.4.9. Animal By-Products N/ A 

V.4.5. Study Endpoint 
file time frame for experiment V.1.1 (basic toxicity) will be 14 days after final drug dose 
administration. The radiation survival studies will span 30 days after radiation exposure 
(V.1.2). 
It is anticipated that the animals involved in these studies may succumb to death either 
due to a drug administration or radiation or a combination of the two. To ma~nta in a 
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suitable baseline for humane treatment of the animals while adhering to the study 
objective, the IACUC recommendations stipulated in lACUC policy#10 (Guidelines for 
establishment of early endpoints in experiments with expected mortality) with some 
minor modification (as stated later in the paragraph) will be implemented for judging 
morbidity and moribundity. The moribund condition is defined as a clinically irreversible 
condition leading inevitably to death. Signs of morbidity in the mouse include difficulty in 
breathing, ruffling of hair; drying of lacrimal fluid, fall in body temperature, loss of 
appetite with/without diarrhea. A modified IACUC policy#10 (Guidelines for 
establishment of early endpoints in experiments with expected mortality) will be used to 
record the scoring of clinical signs of pain in animals (attached Appendix 1 ). Pl would 
like to change the score for the "Changes in breathing" from 3 to 2 and add an in 
between score of 6 for "Dyspnea I labored breathing" under "Respiratory rate". 
Description of the score 12 will be "Abdominal breathing/ gasping - open mouth 
breathing". Previously there was a large jump between a score of 3 (change in 
breathing) to 12 (abdominal breathing/ gasping - open mouth breathing). From the 
experience gathered from the studies performed recently, the Pl thinks by adding a 
score of 6 in between 3 and 12 would enhance efficiency of the scoring system giving a 
fair advantage to the study outcome. Pl will seek veterinarian's input for training the staff 
adequately to learn the suggested scoring system. 
a) Body weights will be recorded prior to radiation. 
b) Once animals reach a score of 6, concern cards ("green cards") will be put up, 
weights will be recorded and monitored with each subsequent scoring change. 
c) Animals that exceed 35% body weight loss with any other clinical signs are scored at 
a 12 and will be euthanized immediately. 
To adhere to the policy of preventing animal distress, the Pl will facilitate the late PM 
and early AM checks (not more than 10 h apart) in addition to two times a day checks 
during the critical lethality period (early morning, late morning, and late afternoon and 
evening). During non-critical periods, we will continue to check animals except late 
night. All morbid mice will be monitored carefully and their conditions scored for 
documentation (Appendix 1, revised scoring sheet). 
Pl will use a scoring card for each animal in the critical period and scored in each 
observation. Scores below 6 will not be recorded in the scoring sheet. Mice will be 
euthanized if there is a score of 12 in a single category or a cumulative score of 12 in 
multiple categories. 

No supportive care is proposed, however, moribund animals will be immediately 
euthanized. VSD veterinarians will be consulted for all matters regarding the animal 
welfare. 

V.4.6. Euthanasia 
It is anticipated that at high radiation doses, animals will demonstrate varying degrees of 
morbidity and moribund, which makes it critical to define the criteria for euthanizing the 
animals without undermining the study objective. 
In toxicity studies, if any animal shows discomfort (hunching, decreased activity, 
inappetence, separation from cage-mates), that animal will be under careful observation 
on consultation with the attending VSD veterinarian. Mice found moribund (defined in 
V.4.5.) or meeting the criteria for euthanasia following a modified IACUC policy#10 
(Guidelines for establishment of early endpoints in experiments with expected mortality) 
(score sheet attached) will be euthanlzed by C02 inhalation plus confirmatory cervical 
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dislocation by investigator/technician according to the directives of the VSD-SOP 
(VS0211: Rodent Euthanasia Guidelines) and in accordance with current AVMA 
Guidelines on Euthanasia [35, 36]. At the conclusion of the experimental time frame, all 
animals that survived the procedures of irradiation, drug intervention and controls, will 
be euthanized by C02 inhalation plus confirmatory cervical dislocation and their 
carcasses disposed of according to VSD regulations. An alternate method of euthanasia 
by cervical dislocation after exsanguination (by cardiac stick or inferior vena cava) under 
deep isoflurane anesthesia will be applied in experiment V.1.5 (see Section V.4.4.2 
Blood collection). 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations The AFRRI vivarium follows stringent protocols for 
the housing and care of all animals. The Pl and designated team members will adhere 
to all the policy and guidelines set forth by standard operating protocols of the VSD. The 
specific requirements for mice housing should meet the following criteria of opportunity 
for social interaction, opportunity to carry out normal behavior and the opportunity to 
rest and withdraw from each other [37]. Mice are social animals and hence will be 
caged together in groups. Nestling pads will be provided in each cage during bedding 
changes. In cage shelters will also be provided as an enrichment strategy at the 
discretion of the Pl depending on experimental conditions. Animals will receive Harlan 
Teklad Rodent Diet 8604 and water ad libitum. Acidified water (pH 2.5- 3.0) is routinely 
provided to AFRRI mice used in radiological experiments. Cages will be regularly 
changed and cleaned by VSD staff in accordance with Standard Operating Procedure. 
Animals will have 12 h light/dark cycle. Animals will be habituated to their surroundings 
and routine procedures prior to experimentation. In the event of procedures that last into 
the night cycle, care will be taken to minimize exposure to light by using red-lens 
t lashlights. 
V.5.1.1. Study Room As assigned by VSD 

V.5.1.2. Special Husbandry Provisions NIA 

V.5.1.3. Exceptions Mice will be socially (group) housed as described above, except 
when there is a possibility that during survival studies cage mates may be lost through 
attrition and for a period of time the sole surviving mouse may remain singly housed 
until the end of the 30-day study. 

V.5.2. Veterinary Medical Care We do not project routine veterinary medical care of 
animals for injuries/inflammation related to injection site inflammation. In case of minor 
injuries arising from fighting, topical application of antibiotics is acceptable with 
consensus from the Pl and VSD. 

V.5.2.1. Routine Veterinary Medical Care 
Experimental animals will be observed daily by either the investigator or technician 

or both as outlined in the Section V.4.5. Study Endpoint. 
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V.5.2.2. Emergency Veterinaty Medical Cate Moribund animals as per modified 
IACUC policy#1 O (Guidelines for establishment of early endpoints in experiments with 
expected mortality, Appendix 1) (gasping, recumbent, non-responsive to mild stimulus) 
will be euthanized by trained personnel. 

V.5.3. Errvironmental Enrichment: 
fhe husbandry staff provides hutches and nestlets to animals not on active experiments 
whereas cotton nestlets are provided to animals on active experiments. 

V.5.3.1. Enrichment Strategy Nestling pads will ce provided in each cage during 
bedding changes as per AFRRl=VSD SOPs. 

V.5.3.2. Enrichment Restrictions N/A 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING 

NAME I OEGREE I 
(b)(6) 

- .-
" Procedl!Jre and manipulation codes . 

Code '1= Animal handl\ng and euthanasia 

TRAINING 

Code 2• Surgery jaseptic technique) pre· and post·op!lrative care 

I o-.TE PROCEDURES 
1, 3, 4, 5 
1, 3, 4, 5 
1, 3, 4; 5 
1, 3. 4, 5 

1,3b,3c,4. 5 

1, 3, 4 
i. 3 

Codes~ Injections j3a-ip. 3b·sO; 3c-gavage} • can say 3 if i ralned 111 ati manrpulalions or add 3d·iv 
Code 4= 161ood collection unt:Jer attesthesia (4a·cardiac, 4b-posterior vena cava) 
Code 5= Tissue collection (alter euthanasia) · doesn't need to be specllic 
Code 6 = Implantation (provide rJetails) 

I YRS/MOS 
E>CPERIENCE 

(b)(6) 

Code 7 ~ Others · •{provide protocol sp6cific manipulations or procedures !Of e.g., retro·orb~al bleeding. tail vein injection, o r dwg 
delivery) 

VII. BIOHAZARDS/S.AFETY All personnel working in the protocol have undergone 
necessary training in handling experimental animals. The amount of drug used will be 
small a1nd standard safety precautions will be taken while handling them in the laboratory 
and in the vivarium. All personnel listed in the present protocol have been trained as 
general radiation users on a regular basis. All investigators and personnel will use 
appropriate protective gear while in the vivarium as described by the VSD, All listed 
personnel are current in safety training and medical survei llance. 

VIII. ENCLOSURES none 
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X. A-SSURANCE.S 

Protocol Title: 

As the Prirncipal Investigator on this protocol, I acknowledge my responsibilrties and provide assurances 
for the following: 

A. Animal Use: The animals au1horized for use in this protocol will be used only in the ac!ivitles and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation .. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated the 
experimental design with respect to the statistical analysis, and that the mihimum number of anitnals 
needed h;ir scientific validity will be used. 

0. BiOhatiltd I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and re~ulations oorn;:erning radiation protection, biosafety, recombinant issues. aind so 
f·orth, in the preparation of this protocol. 

E. Training; I verify that the personnel performing the animal procedures I manipulations I 
observations described Jn this protocol are technically competent and have been properly trained to ensure 
that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
wiih this project will demonstraie a concern for the health; com tort welfare, and well-being of the research 
animals. Additionally, I :pledge to conduct this study in the spirit of the fourth ''R", namely, "Responsibility," 
which the DOD has embraced for implementing animal use alternatives where feasible and conducting 
humane and lawful tesearch, 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and Is consistent with good scientific iesearch practice. 

H. Painful! Procedure(!I}: ll_AM-1 IAM NOT conducting biomedical e){perimenls , which may potentially 
oause more than momentary f,' slight pai~ or distress to animals, If applicable. potential pain and/or distress 
Wll.ll. I WILL NOT be reli _ved with t_e use of anesthetics; analgesics and/or tranquilizers. I have 
considered alternatives to such procedures; however, I have determined that alternative procedures are 
not available to accomi:>lish the objeetives of this proposed experiment. 

fb)<6) I 
Principal lrnvestigator (Printed Name} Principal Investigator (Signature) (Date) 
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Appendix 1. 
Clinical Observations with Criteria for Euthanasia (Rodent) 

Criteria: Description: Score 
Appenrance: 

Respiratmy Rate: 

Normal {smooth cout, dear eyes/nose) 
Hunched and/or fluffed 
Ocular discharge, and/or edema 
Soft stools (fec:il matter around anus) 
Pale. white mucus membranes/skin 
Blondy diarrhea 
Blue mucus membranes/skin (cyanosis)* 

Normal breathing 
Ch;rngc in breathing (an increase nr decrease in respiratory rate from normal baseline) 
Labored breathing/ Dyspnea 
Abdumin;tl bt«:<tlhing. (gasping+/- 0pcn 1wH1lh br•'athing)/ Diaphrng1m1lil' bn:;ithing* 

General Behavior: 
Normal (based un baseline ubscrvatiuns) 
Stn:tc.:hing of hind limbs with ahdominal motion (writhe) or grim<KC (App.Band C) 
Dct:rcascd mubi!ity 
Ataxiu. wohhly. weak 
Inability to sland* 

Provoked Behavior: 

Weight loss 

Normal (moves when t:<ige is disturhed, runs from hand (mit:el or investigates (rat)) 
Subducd; responds lo stimulation ( movcs away briskly) 
Suhdued even to stimulation (moves away 1;Jowly) 
Unresponsive to gentle prodding 
Does not right when placed gently on side within 5 seconds* 

0-35<.:f, with llll other dinkal sign~ 
~35% weight loss 

"'Regardless of' score, immediately euthanize (death is imminent) 

Individual or Cumulathe Score: 
< 6 Normal 
6 - I ! Morbid: See VI. D.2 and VI .D.4 in JACUC Policy# I 0 for guidelines 
~ 12 Morihund: Notify rcsponsih!e personnel immediatdy for euthanasia (if no single criteria is 12* ). 

Any single criteri:i of 12* euthunize immediately; consider as 'found de<id.' 
+ 
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V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review 
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Date 

VI. STATIST1tCAL REVIEW: A person knowledgeable In biostatistics reviewed this proposal and 
ensufes !hat the number of animals used is appropriate to obtain sufficient data and/or is not excessive. 
and the statistical design is appropriate for the intent of the study 

Date 

VII. A TI ENDING VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consuited in the planning ot procedures and manipulations that may cause 
more than slight or momentary pain or distress. even if relieved by anesthetics or analgesics. 

Date 

VIII. SAFETY OFFICER: This animal use protocol received appropriate revie\v for safety and 
biohazards. (Attach copy of completed AFRFll Form 310. IEHS Research Protocol Hazard Analysis) 

Date 

IX. IACUC APPROVAL: This protocol was reviewed and approved by the Institute Animal Cafe 
and Use Committee on _____ _ 

(Date} 
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PROT10COL TITLE: 
Study of Biomarkers and Acute Radiation Sickness Prognosis/Outcome Factors after 
Mixed-Field (Neutron and Gamma) Radiation in a Laboratory Mbuse (Mus musculus} 
fetal-body Irradiation Model for Use in an FDA Approved Point-of-Care Biodosimetry 
System. 

PRINCIPAL INVESTIGATOR: 

co .. INVESTIGATOR(S): 

AFRR1I SCIENTIFIC RESEARCH PROTOCOi- NUMBER4 ...... ~b)_(6> ____ _,, 

I. NONwTECHNICAl SYNOPSIS 
file vast majority of studies on the acute radiation syndrome or sickness (ARS) and 
biodosimetry have been performed using photon irradiation (gamma and x-rays). Risks 
for acute mortality from radiation exposure are well known to be influenced by physics
based parameters, such as a radiation quality, low or high linear energy transfer (LET), 
dose rate, total-body vs. partial body exposure, etc. (Hall and Giarcia, 2011). After an 
enhanced radiation weapon (ERW) or nuclear device detonation; initial radiation at the 
time of the nuclear reaction consists of gamma-rays and neutrons (mixed field) 
produced within the first minute after detonation and its penetration capability, leading to 
increased damage requiring quality specific biodosimetry as neutrons have different 
mechanisms of injury to cells and tissues compared to photons, with a higher relative 
biological effectiveness (ABE). 

The present work will evaluate biomarkers for radiation dose-assessment, ARS 
prognosis, and gender/age effects following mixed=field (gamma=rays and neutrons) 
using AFHRI TAIGA (Training, Research, Isotope, General Atomic) reactor in a mouse 
(B6D2FHJ) total-body irradiation (TBI) model. Biomarker measurements will be 
per!_ormed using the Meso Scale Diagnostics (MSD~ . high-!hrR~hput <HT) MUL ll-
ARRAY plate-format platform and results compared with earlierr~ I 

jl6)(4) ]funded gamma radiation studies. 
The proposed efforts supplement an ongoing project to deliver an FDA approved 

biodosimetry device by potentially expanding the use of its capability for a broader 
spectrum radiation exposure (mixed neutrons and gamma-rays). This effort is entirely 
novel. AFRRI is one of a limited number of facilities with the capability to study mixed
field exiposures. The proposed studies on radiation biomarker responses to mixed-field 
irradiation for use with the Meso Scale Diagnostics biodosimetry system is completely 
new ground. We expect that this project will contribute to bridge a gap that exists in the 
current capabilit,ies to identify and then rapidly as well as effectively to, asses,s radiation 
exposure early after a radiation exposure and especially after a mass-casualty radiofoglcal 
incident. In particular, these efforts contribute to validating an early test to distinguish 
individuals exposed and injured by radiation in order to assist physicians to choose the 
appropriat,e medical treatments and hence reducing the adverse acute effects or long· 
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terrn risks associated with radiation exposure. The advancement in this type of research 
might also provide a powerful tool for the accurate assessment of an rndividual's 
radiation risk response early after an incident. especially after a mass-casualty 
radiological incident 

II. BACKGROUND 

11.1. Backgr«:>und 
A radiological terrorist attack or nuclear accident creates a. risl< for mass casualties 
(Dicarlo et al. ·2011; Waselenko et al. 2004). The detonation of a nuclear weapon or a 
nw::lear accident represents possible events with significant exposure to mixed-field 
(neutron + gamma} radiation, The mechanisms of injury of these low linear energy 
transfer (LET) radiations (pure gamma} are different from those of high-LET radiation 
such as neutrons or mixed-field. and these differences may affect the radiation dose 
assessment and countermeasure efficacy. Acute mortality from radiation exposU1re is 
well known to be influenced by physics-based paramete.rs such as radiation quality 
(neutrons or gamma-rays) and dose rate. An enhanced radiation weapon, if detonated1 

would emit a large portion of neutron radiation with increased radius of exposure and 
penetration capability, leading to increased damage requiring quality-specific 
biodosimetry. Currently, a dose of 2 Gy of acute whole-body exposure is thought of as 
~eshold for medical intervention (Fliedner et al. 2001; Koenig et al. 2005J6

><
4

> I 
~eyer 2015}. However, absolute reliance on this threshold ignores the impact of 
radiation quality and is of concern because neutrons are a significant component of the 
initial radiation released by a fission nuclear device. Hence, there is a current need to 
accurately determine exposure levels where mixed field combinations of neutmns and 
gammas are a threat. We hav = "' . · · f ·11· ·m I- f · r . · n r nil · 
blodosimetr _m'ects funded b r0><

4
> 

the final goal of which is to deliver an 
"'""~- --=-.a~pp::-:r~o~ve-=-- ':F"l':-:a~n~- :-:e~.""'f!",e:T:f"""=l":e:-=pT.o:":'y~a"E"F':e~p~o1n t-of-care biodosimetry device, which 
determines quickly (in few minutes) the radiation dose absorbed by evaluating blood 
protein biomark · . t ~ i I~ · j - · j · ~ ar event (IACUC 
protocol 

IPrevi'-o-us-y-e"""'s'"""a-· -,s .... · _e_a_n-1m-a"""'· --u-s_m_u_s_c-u"'"u-s-, - a-c-ac_a_· -m-u"'"a-a-otal~body irradiation 
(·1-exposure at a single dose·rate of 0.6 Gy/min) models have evaluated a panel of 
radiation·r·esponsive proteins that, together with perripheral blood cell counts, to create a 
multiparametric dose-predictive algorithm with a threshold for detection of -1 Gy from 1 
to 7 dafter exposure. The acute radiation syndrome (ARS) severity score systems were 
a·1so created based on multiple biodosimetric endpoints. The mouse ARS severity score 
system was created using data collected in individual animals that were identified by 
IPTT-200, Bio Medic Data System (BMDS) implantable programmable 
transpondersfmicrochips. Individual tracking of animals via implanted microchips 
ailowed for assessment of criteria based on individuals rather than by group averages. 
The mouse ARS severity score system created at AFRAI includes the Observational 
Grading System (currently an IACUC policy #10 [Guidelines for establishment of early 
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endpoints in experiments with expected mortality]) developed at the AFARI VSD. 
survival rate. weight changes, temperature, peripheral blood cell counts and radiation-
res -onsive protein expression profile (Figures 1-3:lt6i<6J.(b)(a) I 
(b ,(b)i4 

22•1 &1 a1 

Precfo:~d dose, r;;y 

.. ·--~-~ 
0 , ~ ~ 

Numbef of bl~tk•f$ 

0 S 1G 12 14 

Figure 1. Multiparameter dose~assesment calibration curve (left plot), enhanced 
discrimination power alt radiation dose of 1 Gy (middle plot) and biodosimetry evaluation 
in "blinded" study (right plot) ln mouse TBI model (6°Co y-rays at dose rate of 0.6 
Gyknin). 
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Figure 2. Flt3-Ligand, G-CSF and ARS severity degree monitoring in mouse TBI model 
(60Co y-rays at dose rate of 0.6 Gy/min). 
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Figure 3. The radition-dose and time-dependent to·tal mean ARS interventional score 
(left plot} and survival rate (right plot) in mouse TBI model (6°Co y-rays at dose raite of 
0.6 Gy/min) that might be used as an early predictive values for AAS prognosis or 
outcome. 

fhe ARS response category assessment tool was created in order to quantify severity 
responses for ARS sub-syndromes and determine the criteria and bioindicators for early 
prognosis of lethality and point of euthanasia. The ARS severity degrees or response 
caltegories (RC), defined under the radiation-dose controlled conditions and animal 
recovery prognosis, were as follows: RCO (Degree O) for O Gy (control/sham) ; RC1 
(Degree 1) for the dose-range of 1 ·3 Gy and animal recovery was certain with a low risk 
of critical phase (mild radiation damage); RC2 (Degree 2) was. for the dose-range of 6·8 
Gy and animal recovery was likely with a high risk of critical phase (moderate, but 
reversible damage); RC3 (Degree 3) was for the dose-range of 10~14 Gy and animal 
recovery was most unlikely (severe, irreversible damage) (Figures 2-3). 

Since those studies were performed using only a pure gamma-ray exposure (6°Co), 
the needed dose=assessment modifications for mixed neutron and gamma exposures, a 
very militarily relevant scenario, remain unknown. There is a current need f'or 
blodosimetry and countermeasure drugs to treat ionizing radiation injury1 for use in the 
field by military personnel and emergency responders. Radiation damages blood= 
forming tissues, resultln . in mortalit. due to infedion and hemorrha. e hemata oiettic 
~ndromet (b)(fl) 

(ti)( assumes that in realistic scenarios, access to medlical facilities will be 
unlikely for some time after a nuclear detonation. Neutrons and photons interact with 
cells in dif~erent ways: photons interact with orbital electrons, and neutrons interact with 
nuclei. Neutrons have a higher LET compared to photons, and neutron-induced DNA 
damage is le:ss repairable (an effect not explained solely by frequency of double sttrand 
breaks, DSB). Neutrons and photons have different effects depending on the specific 
cells and tissues being considered. Neutron efficacy in inducing damage is higher than 
that of photons, i.e., the RBE {dose necessary to cause a degree of injury compared to 
the photon dose) is greater than one. Tissues and cell types differ in tneir rate of 
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accumulation of radiation·induced injury and in their repair capacity. The neutron RBE 
for GI injury (6 day mortallt ~ in ml~ is about 3.5 while that for hemato oietic injury (30 
day death) is about 2.4 J, > After a nuclear 
detonation, personnel will be exposed to mixed radiation fields with different neuitron to 
gamma ratios for detonations of concern (from weapons likely to be used by terrorists) 
(NATO Handbook 1994). In current studies, we have chosen a (33°/o n + 67<>/o y} and 
(67% n + 33% y) to be representative of the possible fields. 

In this protocol. a murine TBI model with a minimal supportive care will be used in 
order to simulate a catastrophic event involving large number of casualties, In this 
scenario, there will be limited medical and physical resources. Early and rapid dose 
assessment is required in radiation disasters that involve a large number of victims and 
a finite amount of medical resources available to responders and healthcare providers. 
The goal of thls project is to develop biodosimetric assays to permit early and rapid 
radiation exposure assessment applicable for a forward field application. 

CurtftOJ RL0Le_cJ_ae12_ta_a_cb_ao_d_aim_s: 
Studies supplement an ongoing efforts to deliver an FDA approved proteornic 
biodosimetry capability by its expanding to a mixed-field (MF) radiation exposure. 

• Alm 1: Perform mixed-field (MF, neutron + gamma) radiation validation studies 
and develop lbiodosimetry algorithm using hematological and proteornic profiles. 

• Aim 2: Demonstrate accurate radiological detection, sensitivitty and specificity of 
biomarker combinations to discriminate study groups into tertiles of doses: 0 -1 .5 
Gy, 1.5 - 3 Gy, 3 - 6 Gy. 

• Aim 3: Characterize the response category severity score system for ARS 
prognosis I outcome based on biodosimetry endpoints and survival study results . 
Aim 4: Evaluate potential confounding effects of dose-rate and gender on use of 
proteomic biomarkers for biodosimetry and AAS prognosis I outcome. 

• Aim 5: Compare MF study results with ones earlier obtained in pure·gamma 
studies (6°Co y-rays). 

11.2. Literature Search for Duplication 

11.2.1. Literature Sources Searched 
PubMed: 1985 - 2016 (http://www.ncbi.nlm.nih.govfpubmed/advanced) 
Federal Research in Progress (FEDRIP} Database 
FEDRllP: 1995 - 2016 (http://www.ntis.gov/products/databases/federal-research-in
progress/) 
NIH Reporter: 1995 - 2016 (https://projectreporter.nih.gov/reporter.cfm) 

11.2.2. Date of Search 
116/2016 - 1 /12/2016 

11.2.3. Period of Search 
PubMed: 1985 • 2016 
FEDRllP: 1995 - 2016 

7 of 31 



NIH Reporter: 1995 ~ 2018 

11.2.4. Key Words of Seareh 
1 ). Bi'Olinarkers AND mixed-field radiation 
2). Biological AND dosimetry AND neutrons 
3). Biological dosimetry AND gamma= rays 
4). Biological dosimetry AND mixed-field radiation 
5). Mixed-field radiation AND biamarkers AND mice and whole-body 
6). Multiple protein biomarkers AND biodosimetry AND radiation AND dose assessment 
7). Multiple protein biomarkers AND biodosimetry AND mixed-field radiation 
8). Acufte radiation syndrome AND mice 
9). Aculte radiation syndrome AND mice AND whole-body 
10). Acute radiation syndrome AND mice AND whole-body AND mixed-field radiation 

11.2.5. Results of Search 
fhere was no duplicative research found tor the proposed study evc:!!luating the 
combined blood based proteomic and hematological approach on biodosimetry 
endpoints (dose-response relationships for radiation dose assessment, dose~dependent 
discrimination index of radiation exposure, the response category severity score of the 
~cute rad!atio~ ~Y~~~me usjoa mmjne !Bl model mixjd-field radi~tion m~del. The o~ly 
literature identified ) and regarding studies done with 
pure photons ('6°Co y-rays and x-ra.ys), Other relevant papers were found reported: (1) 
measurement of multiple radiation~induced protein expression profiles (using the 
Luminex system) and chromosome aberrations associated with long~term health risks 
exposure of astronauts to a mixed-field of space radiation {i.e., protons, high charge and 
energy ions, neutrons, alpha particles); (2) measurements of dicentrics in periplneral 
blood lymphocytes and electron paramagnetic resonance (EPR) spectroscopy in tooth 
enamel for biodosimetry evaluated in pure photon and mixed-field (neutrons and 
gamma) irradiations; (3) AFRRI papers rellated to screening of radiation 
countermeasure against mixed~field (neutrons and gamma) irradiations. None of these 
studies duplicated the studies proposed in this protocol. 

Ill. OBJECTIVE J HYPOTHESIS 
Gen·eral Hypothesis: 
Multiple blood protein and hematological biomarkers along with hematological 
surrogates will provide enhanced diagnostically useful indices to discriminate between 
irradiated and non-irradiated (worried well) individuals. A panel of protein biomarkers, 
each with different radiation responses, coupled with peripheral blood celil counts or 
hematology surrogates will provide accurate assessment as well as an enhanced 
discrimination index of radiation exposure. 

The proposed mixed-field radiation studies will complement the completed pure
photon mouse TBI studies (IACUC protocol numberl(0l<5> I in terms of (1) 
develop dose~response relationships for radiation dose assessment; (2) investigate the 
effect of exposure to different doses of radiation on survival of mice in order to 
determine associations among protein expression profile; hematology parameters1 body 
weight, and symptoms/signs related to the radiation dose and AAS prediction/outcome. 

8 of 31 



In addition, studies will evaluate potential confounding effects of dose-rate, age and 
gender on use of proteomic and hematological biomarkers. 

IV. MILITARY RELEVANCE 
li.adiological terrorist attack or accldentar mass-casualty exposures are highly possible. 
Military personnel responding to such emergencies can be exposed to radiation. 
Recognizing unpredictable mass casualties, U.S. Department of Defense has given top 
priority, as stated in the "Defense Technology Objectives (DTO)" to the d!evelopment of' 
rapid biodosimetry and medical countermeasures to radiation exposure" against both 
early- and late·arising health effects. In the case of mass casualties, it is difficult to 
screen out the severely exposed patient from the less exposed or not exposed 
individuals due to lack of immediate and convenient dose measurement technology, 

!Proposed studies targeted needs to support radiation diagnostic device (simpl.e, 
rapid, high-throughput and point-of-care) development efforts based on a 
multiparametric biomarker=based biodosimetry diagnostic approach to facilitate 
treatment triage in a mass-casualtY situation, and is also essential to the optimal use ot 
scarce therapeutic resources. This strategy addresses the need for developing a high
throughput multiparametric "Field Radiological Biodosimetry· system andl promotes 
effective command decisions and force structure planning lo ensure mission success. 
This system should be compatible with military field laboratories, homeland security 
applk:aJions, as well as with radiation therapy centers to assess radiation exposure 
based on lblood protein biomarkers capability. In addition, assessment of a population's 
exposure to other radiation threats, such as nuclear accidents and terrorism mass 
casualty scenarios addresses the need for a "Clinical Radiological Siodosimetry' 
system to provide 1physicians with the ability to triage radiation victims, make 
appropriate treatment decisions, and reduce uncertainties associated with the variability 
of individual response to radiation exposure. 

V. MATERIALS AND METHODS 

V.1 . Experimental Design and General Procedures 

B6D.2F1/J female and male 14-16 wk old mice will be used in experiments. Totaf-body 
irradiations (TBI) of mice will be performed at different radiation doses and dose-rates in 
the AFRRI facilities'. TAIGA (Training, Research, Isotope, General Atomic) Mark- IF 
nuclear research reactor is capable of delivering a mixed-LET field of fission neutrons 
and y-rays and eoco (low-LET, pure y-rays) with reliable and accurate physical 
dosimetry. Dosimetry for 6°Co irradiation was performed using an alanine/electron 
paramagnetic resonance system, with calibration factors traceable to the National 
Institute of Standards and Technology and confirmed by an additional check against the 
national standard 6°Co source of the UK National Physics Laboratory. Dosimetry for the 
reactor-produc~d ! adlation fields was ~erforrned with pairedl ionization chambers, as 
described in AFRRI Technical Report!< (a) ITBI will be given as a 
single exposure. Mice will be irradiated as outlined in section V.4.4.1.4. Irradiation 
procedure. 
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Sta~istical justification for the number of animals in each experiment is provided in 
section V.2. Data Analysis. In Experiments 1-4 and 6, blood from mice will be collected 
by intracardlac puncture or inferior vena cava at sampling time-points 1, 2, 4, and 7d 
after exposure. Blood for cell counts and differentials (CBC/diff) will be analyzed withiin 
several hours after biosampling using a clinical hematology analyzer (Bayer Advia 120, 
Bayer, Tarrytown, NY) at the AFRRI Veterinary Sciences Department (VSD) facility or 
sent out to Bioreliance or another approved lab as a backup. The remaining blood will 
be processed for protein profile (18 biomarkers) measurements in plasma using a Meso 
Scale Diagnostics (MSD hi 1:1:1t!LOJL11 JAL HT _MUL Tl=ARRAY JateHormat platform as 
previously described (bl< ),(blC4l Collected data will be 
analyzed to create the mixed-field biodosimetry algorithm aJ1d ARS prediction outcome_ 
Results will be com~,ared with ones earlier obtained in 6°Co rrays studies (IACLJC 
protocol numberllb)(6),()(a) I 

Summary Table 1 is for all experiments ( 1-6), detail Tables (2-11 ) are for each 
experiment 

Table 1. Summary Table tor all experiments (1-6). 

Exp.# Experiment Title I Table # Number Number Totals 
of of 

females males 
l TR/GA mixed-field dose-response study i72 0 172 

(67% n + 330/.:i y}@ 0.6 Qy/min; 
TBI doses: 1.5, 3, and 6 Gy I Table 2 

2 iRIGA mixed lield dose-response study: 172 0 172 
(33°/o n + 67% y)@ 0.6 Gy/mi11; 
TBI doses: 1.5, 3, and 6 Gv f Table 3 

3 Dose-rate effect study. 202 0 202 
GOCo y-rays @ 0.6 and 1. 9 Gy/min; 
ISi doses: 6 and 12 Gv J !ables 4·5 

4 Dose~rate effect study. 220 0 220 
TAIGA mixed-field (67'% n + 33% y)@ 0,6 and 1.9 
G.~fmin; TBI doses: 3 and 6 GY. ITables 6-7 

5 Survival study: 136 0 136 
TAIGA mixed-field (67% n + 33% y) @ 0.6 Gy/min; 
TBI doses: 4, 5, 6. 7 Gv I Table 8 

6 Gender comparison stuay: 
00co y-rays@ 0.6 Gy/min; 130 130 260 
TBI doses: 3, 6 and 12 Gy I Tables 9-10 
.............. -..... -................... -.................................................................. _ ..... _ ............................... ___ 

TRIGA mixecMield (67% n + 33%i y) @ 0.6 Gy/min; 0 140 140 
TBI doses: 1.5, 3 and 6 Gv I Table 11 

Totals: 1032 270 1302 

V.1.1. Experiment 1 
Periorm the dose-response radiation mixed-field (MF) (67% n 1- 33% y) study (1.5, 3, 
and 6 Gy at dose-rate of 0.6 Gy/min) using female mice. 
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Table 2. Mixed-field (n + y) radiation dose-response study design in female mice. 

TAIGA (67% n + 33% y) @ 0.6 Gy/min 

Groups Number of female mice (14-16 wks) Total 

Sampling time-points after TBI 

1d 2d 4d 7d 

Control 8 8 8 8 32 

Sham 8 8 8 8 32 

1.5 Gy 8 8 8 8 32 

3Gy 8 8 8 10 34 

6Gy 8 8 12 14 42 

Totals 40 40 44 48 172 

V.1.2. Experiment 2 
Perform the dose-response radiation MF (33% n + 67% y) study (1.5, 3, and 6 Gy at 0.6 
Gy/min) using female mice. 

Table 3. Mixed-field (n + y) radiation dose-response study design in female mice. 

TAIGA (33% n + 67% y) @ 0.6 Gy/min 

Groups Number of female mice (14-16 wks) Total 

Sampling time-points after TBI 

1d 2d 4d 7d 

Control 8 8 8 8 32 

Sham 8 8 8 8 32 
1.5 Gy 8 8 8 8 32 

3Gy 8 8 8 10 34 

6Gy 8 8 12 14 42 

Totals 40 40 44 48 172 

V.1.3. Experiment 3 
Perform low-LET dose-rate effect study with 6°Co y-rays (6 and 12 Gy and dose-rates of 
0.6 and 1.9 Gy/min) using female mice. 

Table 4. Low-LET (6°Co y-rays) dose-rate effect (0.6 Gy/min) experimental study design in 
female mice. 

Groups 
Co-60 y·rays@ 0.6 Gy/min 

Number of female mice {14-16 wks) 
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Sampling time-points after TBI 

1d 2d 4d 7d 

Sham 8 B B B 32 

6 Gy B B B B 32 

12Gy B 8 8 10 34 

Totals 24 24 24 26 98 

Table 5. Low-LET (6°Co y-rays) dose-rate effect (1.9 Gy/min) experimental study design in 
female mice. 

Groups 

1d 

Sham 8 
6 Gy B 
12Gy 8 

Totals 24 

V.1.4. Experiment 4 

Co-60 y-rays @ 1.9 Gy/min 
Number of female mice (14-16 wks) 

Sampling time-points after TBI 

2d 4d 7d 

8 B B 

B 8 10 

8 10 12 

24 26 30 

Total 

32 

34 

38 

104 

Perform high-LET dose-rate effect study with MF (67% n + 33% y) doses of 3 and 6 Gy 

and dose-rate of 0.6 and 1.9 Gy/min) using female mice. 

Table 6. High-LET (mixed-field, n + y) dose-rate effect (0.6 Gy/min) study design in female mice. 

TRIGA (67% n + 33% y) @ 0.6 Gy/min 
Groups Number of female mice (14-16 wks) Total 

Sampling time-points after TBI 

1d 2d 4d 7d 

Sham 8 8 8 8 32 

3 Gy 8 B 8 10 34 

6 Gy 8 8 12 14 42 

Totals 24 24 28 32 108 

Table 7. High-LET (mixed-field, n + y) dose-rate effect (1.9 Gy/min) study design in female mice. 

TRIGA (67% n + 33% r) @ 1.9 Gy/min 
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Groups 

1d 

Sham 8 

3Gy 8 
oGy e 

Totals 24 

V.1.5. Experiment 5 

Number of female mice (14-16 wks) 
Sampling time-points after TBI 

2d 4d 7d 

8 8 8 

8 10 12 

e 12 14 

24 30 34 

Total 

32 
38 
42 

112: 

P·erform the 30-d survival study after radiation with MF (67%, n + 33% y) to doses of 4, 
5, 6, 7 Gy at dose-rate of 0.6 Gy/min) using 14 - 16-wk female old mice to investigate 
the effect of exposure to different doses of MF in order to findl associations between 
protein expression profile, hematology parameters, body weight, symptoms and signs 
related to the radiation dose and the AAS severity and create the AAS severity score 
system. Compare results with ones collected earlier in 60Co y-rays studies. 

Table 8. Mixed-field (n + y) survival study design in female mice. 

Groups 

#mice 

Totals 

!RIGA (67% n + 33% r) @ 0.6 Gy/min 

Number of female mice (14-16 wks) 

Sham 
20 

20 

Total-body irradiation doses; Gy 

4Gy 5 Gy 6 Gy 

20 24 28 

20 24 

10% extra 
28 

Total 

7Gy 

32 124 
12 

32 136 

Animal survival will be monitored daily for 30 days after irradiation. Based on review by 
the AFRRI statistician, we plan to use 20-32 mice per treatment group for measurement: 
of animal survival endpoints. Total of 136 mice (124 plus 10% extra) will be used. The 
extra 10°/o of mice is needed in order to el iminate the animal body weight outliers. Mice 
will be individually identified by tattoos performed on their tails as outlined in section 
V.4 . .4..1 .3 Tattoo Procedures. Observations will be recorded using the Bio Medic Data 
System (BMDS} electronic data recording system. Mice will be weighed on a Sartoruis 
ED5201 scale (BMDS data acquisition system) and the weight will be recorded to 
electronic data files. Clinical observations will be conducted twice daily in noncritical and 
up Ito four times per day (including late-night checks) in critical period of ARS (severe 
pancytopenia). Clinical signs and certain criteria selected to define the morbidity or 
moribundity in irradiated mice will be scored following the IACUC Policy #1 O developed 
at AFRRI VSD (Appendix 1). The mutiparametric ARS Severity score system following 
by hrigh-LET (mixed-field, n + y) irradiations will be created simllar to one created earlier 
in low-LET' (6°Co y-rays) studieslMS),tb)(a) I 
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V.1.6. Experiment 6 
Task 7. Perform the gender-comparison radiation studies with 6°Co y-rays (3, 6, 12 Gy) 
and mixed-field (67% n + 33% y) (1.5, 3, and 6 Gy) at 0.6 Gy/min. 

Table 9. Low-LET (6°Co y-rays) gender-comparison study design in female mice. 

Co~60 y-rays @ 0.6 Gy/min 

Number of female mice (14-16 wks) 

Groups Sampling time-points after TBI 

1d 2d 4d 7d 

Sham a 8 8 8 

3 Gy a 8 8 8 

6 Gy 8 8 8 8 
12 Gy a 8 8 10 

Subtotals 32 32 32 34 

TOTAL 

Table 10. Low-LET (6°Co y-rays) gender-comparison study design in male mice. 

Co-60 y-rays @ 0.6 Gy/min 

Number of male mice ( 14-16 wks) 

Groups Sampling time-points after TBI 

1d 2d 4d 7d 

Sham a 8 8 8 
3Gy 8 8 8 8 

6Gy a 8 8 a 
12 Gy 8 8 8 10 

Subtotals 32 32 32 34 

TOTAL 

Table 11. High-LET (mixed-field) gender-comparison study design in male mice. 

TRIGA (67% n + 33% y) @ 0.6 Gy/min 
Number of male mice (14-16 wks) 

Groups Sampling time-points after TBI 

1d 2d 4d 7d 

Sham 8 8 8 8 
1.5 Gy 8 8 8 8 

3 Gy 8 8 8 10 
6Gy 8 8 12 14 
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32 

32 

32 

34 

130 

130 

Total 

32 

32 

32 

34 

130 

130 

Total 

32 

32 

34 

42 



Su'btotals 32 32 40 140 

TOTAL 1401 

V .2. Data Analysis 
Number of animals n=8~14 per group (dose, and -sampling time~point) Is necessary 

for experiments 1 ~4 and 6. It has been determined by AFRRI statistician from similar 
studies to provide power >90% for two-tailed Student's t-test to get two standard 
deviations (2 STD) or 95% confidence interval in distinguishing animal groups and less 
than 10%, shifts in biomarker values (reproducibility). Values of P < 0.05 will be 
considered sta~istically significant An increase in the number of animals per group up 
to n;10-14 for TBI doses of ~3 Gy (TRIGA) and~ 6 Gy (6°Co) at sampling time-points 4 
and 7d is necessary in order to provide the sufficient statistical accuracy because at this 
dose and [later tlme points there ls expected to be potential early morbidity (from 30% to 
70% in the 30-d monitoring period) by developing hematopoietic syndrome as well as a 
broadening of rthe distribution of radiation responsive biornarkers. Control mice will not 
be placed into boxes nor transported to the radiation facilities. Comparison of results for 
sham groups and control groups evaluated any effect of stress induced by handling of 
mice as lt was performed in earfler 60Co studies fbJ(e).(bJ(a) I In 30-day 
survivaA study (Experiment 5), we plan to use 20-32 mice per treatment group for 
measurement of animal survival endpoints. Number of mice wi ll be increased from 20 to 
32 due to statistical justification provided below. 
The 20 mice per group could have 80% power to detect a significant difference between 
two groups, given type I error of 5% and a treatment group survival rate of at least 73%, 
i~ the control group is 25%. Similar statements would apply, provided the treatment 
groups display survival of at least 86%, 83%, or 78°/o, if the respective control groups 
would be 40%, 35%, and 30°/c, respectively. Note: power analysis may suggest smaller 
groups are adequate, However, radiobiologists at AFRRI and elsewhere observe 
considerable variability from experiment to experiment in mouse survival studies that is 
not reflected in the [power analysis. In fact, some institutions have gone to a group size 
oi 30 ln these types oi experiments for this reason. 

Statistical software, PC SAS, will be used for statistical data analysis (SAS Institute 
Inc., 2000). Multivariate analysis of variance (MANOVA) Wilks' Lambda statistics will be 
used when comparing more than two groups and two-sided Student's nest wHI be used 
when comparing two groups to determine significant differences among observational 
time-points in radiation biomarkers studies and ARS severity degree categories as 
previously described l<6H6),(b)(a) I 

Multiple linear regression analysis will be used to develop dose-response 
relatlonships for combination of hematoiogical and protein biomarkers for radiation dose 
assessment at the 95% confidence level. Multivariate discriminant function analysis of 
PC SAS will be used to demonstrate accurate radiological detection of the proposed 
protein and hematological biomarkers from biologircal samples into tertiles of doses 0-
1.5 Gy, 1.5-3 Gy, and 3~6 Gy and also to demonstrate which combinations of proposed 
protein and hematological biomarl<ers will better reflect the subgroup dlitferences. 
Receiver Operating Characteristic curve (or ROC curve) wrn be used to demonstrate the 
sensitivity and specificity of the proposed protein and hematological biomarkers to 
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reflect subgroup (dose and sampling time-point) differences. Results will be shown as a 
ROG plot of the true positive rate against the false ipositive rate for the dffferent possible 
cut-points of a diagnostic test Kaplan-Meier survival curves will be constructed to 
determine the survival time probability to estimate the 6030/30, LDS0/30, and l..D?0/30. 
The Table Curve 3D statistical software will be used to create the dose- and time
dependent fitting equations for AR.S scores as prognostic indexes of ARS outcome. 
Biomarker results and ARS severity score system received in high-LET (mixed-field) 
experiments will be compared with ones received in irradiations performed with low-LET 
(6°Co y-rays~tb)(6).(b)(4) I 

V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered 
Currently, there are no alternatives in existence that can predict or compute the 
complexity of the response to total body irradiation. Computer modeling and cell 
cultures are insufficient to determine whether or not a given radiation exposure will 
result in a characteristic radio-response of molecular changes, protein expression of 
blood 10r other tissues. An integrated, functional, computer model of a mammal has not 
yet been achieved for the purpose of examining intricate physiological interactions 
among cells1 tissues; and 10rgans that occur after exposure to ionizing radiation. The 
resiliency of organs, such as the hematopoietic system or gastrointestinal system, to 
ionizing radiation depends on a complex network of interactive signaling systems to 
sense the magnitude of tissue damage, ahd to ihitiate repair, recovery, and other 
defense processes. The physiology of these interacting networks is altered by radiation 
in ways that cannot yet be modeled. Alterations of expression of the proteins we 
propose to measure are influenced by the same complex network of regulatory controls 
that cannot be duplicated outside of use of living animals. 

V.3.2. Animal Model and Species Justification 
fhe mouse model was chosen for this in vivo validation study for the following reasons: 
(1} it is well-defined immunological animal model for this type of research; (2) qualitative 
similarities exist between human and mouse proliferative tissue including bone marrow 
(Th·ompson 1962); (3) molecular responses of mouse and human peripheral bllood to 
gamma radiation are expected to be similar; (4) the ease of use of a mouse model 
system ensures reliable data collection; (5) median lethal doses LD50/30 for radiation
induced death for this strains of mice is known (Hendry 1995 (blf4l 

1<6)(4) I (6) model provides experimental and sta"""ti,....st..,..ic_a_l _v_al-id..,...it-y;- (=7,,..) '"""A...,..F=R,....R~. r 
staff has an extensive experience with mice, including B6D2F1 mice, in radiation injury 
and countermeasure research. In addition, 8602F1 mice were used iri previous studies 
(soco y-rays, protocol numberl1b)(6) I 
V.3.3. Laboratory Animals 

V.3.3.1. Genus I Species 
Mice (Mus rnusculus) 
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V.3.3.2. Strain I Stock 
B6D2Fl/J 

V.3.3.3. Source I Vendor 
B6D2F1/J mice: Areas AX-27 or AX-28, The Jackson Laboratory, 600 Main Street, Bar 
Harbor, Main 04609-1500, Tel: 800-422-MICE or 207-288-5845, Fax: 207-288-6150, 
www. jax.org <http://www.jax.org/> or any other approved vendors. 

V.3.3.4. Age 
Age at irradiation from 14 to 16 wks; 11-12 wk of age at purchase, 14-16 wk of age at 
use. 

V.3.3.5. Weight 
Approximately 24 to 26 g (20·22 g upon arrival, 23 g or more at the time of experimental 
manipulation). 

V.3.3.6. Sex 
Males and females. 

V.3.3.7. Special Considerations 
Commercially procured animals must be adventitious disease free, including: 
Pseudomonas aeruginosa and Pasteurella. All mice need to be free of the following 
agents: Sendai, Pneumonia Virus of Mice (PVM), Reovirus-3 (Reo 3), Mouse 
Adenovirus (MAD-1, MAD-2), Mouse Cytomegalovirus Virus (MCMV), Ectromelia, K 
virus, Lymphocytic Choriomeningitis Virus (LCM), Epidemic Diarrhea of Infant Mice 
(EDIM), Hantaan virus, Rotavirus, Mouse Parvovirus (MPV), Polyoma Virus, Mouse 
Minute Virus (MMV), Mouse Thymic Virus (MTV), Theiler's Mouse Encephalomyelitis 
Virus (TMEV/GOVll), Encephalitozoon cuniculi, CAR bacillus, Mycoplasma pufmonis, 
and Clostridium piliforme. 

V.3.4. Number of Animals Required (by species) 
Total number of mice: 1302. 

V.3.5. Refinement, Reduction, Replacement (3 R 's) 

V.3.5.1. Refinement 
In this protocol, some radiation doses(~ 6 Gy) are sublethal, minimizing discomfort due 

to ARS. Project personnel will take necessary steps to be higtlly trained in nandling 
techniques (irradiation procedure, tail-tattooing, blood collection, and routine cage-side 
observations) to minimize distress and pain to the animals. In a survival study, in order 
to minimize discomfort when animals become morbid, investigators and animal care 
staff will examine the mice at least twice daily, including the early morning and late 
afternoon. Number of observations will be increased as mice irradiated to subletnal 
doses will be in a critical period (pancytopenia). Moribund animals will be considered to 
have arrived at the study endpoint and will be euthanized as included in Appendix 1 
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(sample scoring sheet for clinical observations with criteria for rodent euthanasia), an 
IACUC Policy #1 o (Guidelines for establishment of early endpoints in experiments with 
ex,pected mortality). 
Analgesics were considered as a way of minimizing discomfort during the onset of 
opportunistic infections, which will occur during the survival experiments. However, 
analgesics and anesthetics are well~known to alter the functional properties of the 
immune system and resistance to infection (Galley et al. 1997; Elena et al. 1997; Bailin 
et al. 1996), which would defeat the purpose c»f the study and resulits will not be 
comparable with ones obtained in earlier 6°Co studies (IACUC protocol numberlCbH5) I 

l(b)1s> I 

V.3.5.2. Reduction 
Control groups will be shared between experiments wherever possible. The maximum 
number of assays will be performed on each tissue sample, minimizing the number of' 
required animals. Tissues from these animals are available for sharing with other 
investigators. A statistician has reviewed this protocol to ensure that the minimum 
number of animals will be used to gain statistically significant results. We will collect 
multiple data from individual animals, providing information on biomarkers and 
microbiological and hematological endpoints. 

V.3.5.3. Reptacement 
None. ~ t is not feasible to use non-animal systems to address the questions in this 
project. 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 

V.4. 1. 1. A!PHIS Form 7023 Information 

V.4.1 .1.1. Number of Animals: 1302 

V.4.1.1.1.1. Column C 372 (#of animals) 

_ __ O_ (#of animals) V.4.1.1.1.2. Column 0 

V.4 .. 1. 1.1.3. Column E 930 (#of animals) 

V.4. 1. 1. 1.4. Pain Category Assignments 

Exp.# Experimental/Control Group 
1 TAIGA dose-response: (67% n + 33% y) @ 0.6 Gy/min 
2 TRIGA dose-response: (33% n + 67% vl Fa> 0.6 Gv/min 
3 Dose-rate effect 00co y·ravs@ 0.6 and 1.9 Gy/rnin 
4 Dose-rate effect: T AIGA (67% n + 33% y) @ 0.6 and 1.9 

Gy/min 
5 Survival s!udv: TAIGA (67% n + 33% y)@ 0.6 Gv/min 
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64 0 108 172 
64 0 108 172 

64 0 138 202 
64 0 156 .220 
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Exp, # ExoerlmentalJControl Group c D E Totals 
6 Gender comparison; 8°Co y-rays and TAIGA (67% n + 33% 96 0 304 400 

y) @ 0.6 Gy/min 
Totals: 372 0 930 1302 

E. JJustifitatiofil if animals have been added to "E" category: 
l here are no alternative procedures for irradiation because its effects cannot be 
otherwise duplicated. Radiation itself does not cause pain or distress. A number of 
animals in these experiments will receive either sublethal or near-lethal doses. These 
dose levels will lead to the clinical syndromes following irradiation, which may lead to 
distress/pain and moribundity. Moribund animals will be considered to have arrived at 
the study endpoint and will be euthanized as included in Appendix 1 (sample scoring 
sheet for clinical observations with criteria for rodent euthanasia) , an IACUC Policy#1 0 
(Guidelines for establishment of early endpoints in experiments with expected mortalhy). 

v .4.1.2. Pain Relief I Prevention 

V.4. 1.2.1 . Anesthesia I Analgesia I Tranqullizatlon 
In these studies, experiments will be conducted with a minimal supportive care in order 
to simulate a catastrophic event involving large number of casualties. In this scenario, 
there will be limited medical and physical resources. Systemic antibiotics, anesthetics or 
analgesics will not be used as in revious radiation on ly (not combined injury) studies 
(IACUG protocol number bl If wounding occurs via in-cage fighting; topical 
antibiotics will be applie un er t e guidance of the veterinarian in accordance with 
standard treatment measures. 

Anesthesia using standard isoflurane rodent anesthesia machine under the 
guidance of the VSD will be carried out in mice for blood collection. An imals will be 
placed in the induction chamber and delivered a metered amount of 3-5% isoflurane 
mixed with 1000/c, oxygen (at the flow rate of 500,1000 cc/min) until all voluntary motor 
movement ceases and the animal is recumbent for 10 seconds. Animal's respiration 
rate will be closely monitored through the Plexiglas chamber during induction ot 
anesthesia. The toe pinch response will be used to determine the depl h of anesthesia. 
l he tail will be pinched for reflexive movement, indicative of Insufficient anesthesia. If 
there is mo response, the animal will be moved to the station with individual nose cone 
for maintenance of anesthesia at 1-3% isoflurane and 100% oxygen at 500-1000 cc/min 
to perform blood collection. 

V.4.1.2.2. Pre- and Post-procedural Provisions 
Mioe will be housed and monitored in accordance wHh VSD standard operating 
procedures both before and after irradiation procedures (see section V.5. Veterinary 
Care), For s:pecial husbandry considerations post-proceduralj see section V.5. 1.2. 
Project personnel will examine the mice at least twice daily and number of observations 
will be increased in a critical period of ARS. Moiribund animals will be euthanized it 
cri teria will be met as included in Appendix 1 {sample scoring sheet for clinical 
observations with criteria for rodent euthanasia). Euthanasia will be conducted as 
outlined in s·ection V.4.6. Euthanasia. 
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V.4.1.2.3. Paralytics 
NA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched 
AGRICOLA and PubMed. 

V.4. 1 .3.2. Date of Search 
1/12/2016 

V.4.1.3.3. Period of Search 
AGRICOLA: 2009 - 2016 
PubMed: 1995-2016 

V.4.1.3.4. Key Words of Search 
Ionizing radiation AND pain, neutron AND pain, mixed-field AND pain, alternative, 
humane, alternative methods to blood collection. 

V.4.1.3.5. Results of Search 
There are no alternatives to irradiation. Irradiation itself is not a painful process. but it 
induces various changes in the body, and kills hematopoietic cells. In irradiated animals, 
the immune response is compromised, and opportunistic infections and multi~organ 
dysfunction/failure may occur. Results of literature search clearly demonstrate that use 
of analgesics alters radiation response and therefore leads to increase in animal 
number for better statistical resu lts or for iteration of entire experiments. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
Animals irradiated to sub- or lethal doses become immune compromised and might die 
due to opportunistic infections and /or multi-organ dysfunction/failure. We anticipate that 
animals exposed to sub· or lethal radiation doses will become moribund. As discussed 
above, in order to compare results with earlier studies (IACUC protocol numbe~!b)<6> 

1(6)<61 ~e will not give anesthetic and/or analgesic agents to animals since th,_e_y-ar_e_. 
known to interact with the immune system, and would confound the interpretation, 
resulting in a waste of animals (see references in section V.3.5.1 ). All moribund animals 
will be euthanized as outlined in section V.4.6 Euthanasia. As mentioned in section 
V.4.1.2.1. Anesthesia I Analgesia I Tranquilization, systemic antibiotics, anesthetics or 
analgesics will not be used. The topical antibiotics will be applied under the guidance of 
the veterinarian in accordance with standard treatment measures if wounding occurs via 
in-cage fighting of mice. 

V.4.2. Prolonged Restraint 
No prolonged restrain. 

V.4.3. Surgery 
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V.4.3.1. Pre-surgical Provisions 
NA 

V.4.3.2. Procedure(s) 

Collection of blood and tissues. 
Mice will be deeply anesthetized in the anesthesia machine. The toe pinch response will 
be used to determine the depth of anesthesia. The tail will be pinched for reflexive 
movement, indicative of insufficient anesthesia. If there is no response, the animal will 
be moved to the station with individual nose cone for continued anesthesia. Blood from 
mice anesthetized by isoflurane inhalation will be drawn by either cardiac stick or from 
the inferior vena cava using a heparinized 23-25 gauge sterile 5/8" needle attached to 
1-3-ml syringe. Typically 0.7-0.9 ml of blood is collected; sometimes more than 1 ml in 
non-irradiated (sham/control) mice, less blood is available after radiation exposure. After 
blood collection, animals will be euthanized as outlined in section V.4.6. Euthanasia. 
Tissues will be made available to other investigators (see also in V.4.4.2. Biosamples). 

V.4.3.3. Post-surgical Provisions 
NA 

V.4.3.4. Location 
NA 

V.4.3.5. Surgeon 
NA 

V.4.3.6. Multiple Major Survival Operative Procedures 

V.4.3.6.1. Procedures 
NA 

V.4.3.6.2 Scientific Justification 
NA 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 
NA 

V.4.4.1.1. Pharmaceutical Grade Drugs 
NA 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 
NA 

V.4.4.1.3. Tattoo procedure: 
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Tattooing of mice in survival study will be done either with a Labsta.mp machine 
Labslamp system following the SOP provided by the company or any other machine 
certified by VSD. 

V.4.4.1.4. Irradiation procedure: 
rotal-body irrradiations (TBI) of' mice will be performed at different radiation doses and 
dose~rates in [he AFRRI facilities; TAIGA reactor (mixed-field, n + y) and 6°Co (pure y), 
fl31 will be given as a single exposure. Animal irradiations will be arranged in an array 
according to the latest dosimetry map provided by the Radiation Sciences Department 
For irradiation of mice at the 60co facility, anlmals wfll be placed into well~ventilated 
Plexlgllas boxes and irradiated bilaterally. For irradiation of mice in the reactor, animals 
will be inserted into aluminum holders placed onto a carousel that rotates the mice 
within the exposure beam to ensure uniform exposures to all subjects. Sham-irradiated 
mice will undergo the same procedures as the irradiated mice (transport to radiation 
facility, placement into Plexiglas box or aluminum cylinder), minus the radiation 
ex1posure, In ~he reactor, non-neutron components of the exposure are controlled by 
shielding around the carousel. All irradiations will be performed before noon in order to 
be consistent with studies earlier performed (IACUC protoco1 ltb)(6) I It is 
important !because the radiation sensitivity and survival rate varied on time of irradiation 
(rnorning, rnidday, or afternoon) as reported by Plett and colleagues (Plett et al. 2012). 
Mice will be restrained during the irradiation procedure. They will be inserted into the 
standard radiation boxes or aluminum holders just prior to irradiation ( ... 15 min of 
exposure tlme) and taken to the radiation facilities for irradiation. The restraint time 
st1ould be less than 60 rninutes. After irradiation, mice wlll be returned to VSD and 
placed to cages with a fresh bedding/food/water for further monitoring. Mice will be 
idenmied by cage cards using VSD SOP Animal Identification and Accountability. 

All personnel involved in reactor irradiation experiments will remairn current with 
resped to radiation safety training and will continue to receive annual radiation worker 
training, They will also undergo all required specialized training provided by Health 
Physics Department (HPD), and Radiation Sciences Department (RSD), including 
AFRRl reactor exposure room training given by the reactor facility staff. Appropriate 
personal dosimeters will be worn at all times when working in reactor area. This 
includes the :standard personal thermoluminescence dosimeter (TLD) along with a self
reading pocket chamber dosimeter to serve as a backup. 

All reactor-irradiated mice, their tissues, and their bedding will be considered 
radioactive unless declared otherwise as a result of HPD surveys. Source accountability 
and ALARA pirinciples will be adhered to at all times, and the SWIMS procedure will be 
followed in case of any spills of potentially radioactive materials. 

V.4.4.2. Bio,samples 
Blood (as in the project Statement of Work) and tissues (bone marrow harvested from 
femurs and legs, spleen, lung, liver, sternums, GI , thymus, and kidney will be shared 
with other investigators upon request) . Biosamples will be collected as outlined in 
section V.4.3.2. Procedure(s) Collection of blood and tissues, After blood collection, 
animals wJlll be euthanized as outlined in section VA,6. Euthanasia. 
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V.4.4.3. Adjuvants 
NA 

V.4.4.4. Monoclonal Antibody (MAb) Production 
NA 

V.4.4.5. Animal Identification 
Mice will be housed in groups of 4-6 per cage. They will be identified by cage cards 
using GLP SOP Rodent Cage Cards. Each card states the investigator's name, protocol 
number, experiment number, cage number, start date, end date, species, item number 
(animal lot), birthdate, gender, strain, number of animals in the cage, vendor, arrival 
date, treatments, and dates of death, including the initials of the staff person who found 
and removed the dead animals. In addition, mice in Experiment 5 (survival study) will be 
identified by tattoo for individual tracking (see section V.4.4.1.3). 

V.4.4.6. Behavioral Studies 
NA 

V.4.4.7. Other Procedures 
NA 

V.4.4.8. Tissue Sharing 
Tissues will be made available to other investigators at the time of scheduled 
euthanasia. 

V.4.4.9. Animal By-Products 
NA 

V.4.5. Study Endpoint 
The endpoint of the studies will be euthanasia at the predetermined terminal blood 
collections (Experiments 1-4 and 6) and based on assessment of moribundity 
(Experiment 5). Clinical observations for pain and distress in mice will be monitored by 
project personnel at least twice daily and the number of observations will be increased 
in a critical period of AAS (pancytopenia). This monitoring schedule includes weekends 
and holidays. To minimize animal pain or distress, moribund animals will be scored 
according to sample scoring sheet for clinical observations with criteria for rodent 
euthanasia (Appendix 1) and euthanized as outlined in section V.4.6. Euthanasia. Mice 
that survive the 30-d monitoring period after irradiation will be euthanized. Sham mice 
from survival study may be transferred to another approved protocol. 

V.4.6. Euthanasia 
In the dose-response study (Experiments 1-4 and 6), for terminal blood sample 
collections, mice first will be deeply anesthetized with isoflurane and then euthanized by 
cervical dislocation that will be performed by protocol personnel. In the survival study 
(Experiment 5), irradiated mice that survived monitoring period (30 days) will be 
euthanized. Moribund animals that met IACUC Policy #10 euthanasia criteria will be 
euthanized by VSD staff or protocol personnel. Euthanasia of mice will be performed by 
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C02 inhalation followed by cervical dislocation and their carcasses will be disposed 
according to VSD SOPs. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations 
All animals will be housed and maintained in accordance with the "Guide for the Care 
and Use of Laboratory Animals" and AFRRI VSD Standing Operating Procedures. Mice 
will be placed in groups of 4 - 6 per cage during experiments. Animals will receive 
Harlan Teklad Rodent Diet (w) 8604 and water ad Jibitum. Acidified water (pH 2.5 - 3.0) 
is routinely provided to AFRRI mice used in radiological experiments. Cages will be 
regularly changed and cleaned by VSD staff and project personnel (see V .5.1.2. Special 
Husbandry Provisions for mice irradiated with reactor) in accordance with Standard 
Operating Procedure. Animals will have 12 h light/dark cycle. In the event of procedures 
that last into the night cycle, care will be taken to minimize exposure to light by using 
red-lens flashlights. 

V.5.1.1. Study Room 
As assigned by VSD, study room number will bq(bl(ol ]within the vivarium. 

V.5.1.2. Special Husbandry Provisions 
Reactor-irradiated animals will be monitored for radiation levels by the Radiation Safety 
staff. The activated animals will be marked with radiation activity indicator cards that will 
be removed after natural activity of the isotopes results in levels of radiation not 
distinguishable from background (estimated to be -24 hours, judging from past 
experience o~vestigators at AFRRI}. 

The room ousing the irradiated mice will be designated a "radiation room" by 
RSD and HP , a eled as such, and access will be restricted to properly trained staff 
until declared clear by RSD/HPD radiological surveys. Standard radiological room 
operating procedures will require removal of all PPE before exiting the room and 
surveying all personnel, equipment, and materials for radioactivity with a Geiger-Muller 
counter before allowing them to be removed from the room. Following standard 
operating procedures in sample collections, gloves will be worn at all times when 
handling the irradiated mice. Finger ring dosimeters will be worn by all personnel 
handling irradiated mice until they have been declared non-radioactive by HPD. Before 
mice have been declared non-radioactive by HPD, carcasses and bedding will be 
disposed by project personnel in the Rad Waste Facility area designated for such 
material. Irradiated mice remains will be disposed of in the Radiation Safety Storage 
area designated for such material until the mice can be surveyed for radiation hazard 
level before final disposal. 

V.5.1.3. Exceptions 
Mice will be socially (group) housed, except for the possibility that during survival study 
cagemates may be lost through attrition and for a period of time the sole surviving 
mouse may remain singly housed until the end of the 30-day study. When this occurs, 
singly housed animals will be able to view con-specifics in neighboring cages housed on 
the same rack in the same room. 
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V.5.2. Veterinary Medical Care 

v.s,.2.1. Ftoutine veterinary Medical care 
The animals wiil be observed daily by protocol personnel. In the critical phase, mice wilf 
be monitored three times daily by investigative staff in conjunction with VSD personnel 
with no more than 1 o hours between the late night and early morning check as per 
IACUC Policy #1 o. As observaticms in the Experiment #6 (survival study) also include 
the weighting of mice, late night, weekend, and holiday checks will be done by 
Investigative staff. Any moribund mice will be euthanized as soon as possible. If 
needed, a vso veterinarian will be contacted for decision to euthanize, 

V.5.2.2. Emergency Veterinary Medical Care 
Emer:gency veterinary medical care is available 24 hours a day, seven days a week by 
VSD veterinarians and technicians and will include immediate euthanasia of any 
~nd mice. The on-call roster is located outside the VSD conf·erence rooni<b)(a) I 
t:'._Jon the bullletln board and at the security watch desk. These procedures are in 
accordance with VSD SOP (Duty Roster and Responsibilities of the "Qn .. Call" Veterinary 
Otwicer and Veterinary Technician). 

V.5.3. Envitonmenta11 Enrichment 

V .5 .. :J.1. Enrichment Strategy 
The animals will lbe housed in standard/conventional rodent caging. Mice will be group
housed, 4 - 6 mice per cage, with cotton bedding nestlets as per AFRRI VSD SOPs. 
Plastic tubes, hutches etc. will be provided once mice have been declared non: 
radioactive by SHD. 

V.5.3.2. Enrichment Restrictions 
Plastic tubes, hutches etc. Will be not be provided to use immediately after irradi1ation to 
avoid contaminating the enrichment devices, but will be introduced once SHD has 
declared the mice non~radioactive. 

VL STUDY PERS,ONNEL QUALIFICATIONS AND TRAINING 
YRS/MOS 

NAME DEGREE TFtAllllNG DATE PROCEDURES exp 
lOJ(ti) 1, 3, 4a, 4b, 6 (micro- (b)(~) 

chips between shoulder 
blades). 7 (loading into 
fadialion boxes 1 
1, 3, 4a, 4b, 5, 7 (loading 
into radiation boxes) 

Proi:;edure and ma111pulat1on codes: 
Code 1• Animai handi'ing and euihanasia 
Code 2· SwrgeJY iaseptic technique) pre- and post-operailvo care 
Code 3= Injections {3a-ip, 3b-sc. 3c-gavage) - can say 3 if trained in all manipula1ions or add 3d-ilf 
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Code 4= Blood collection und&r anesthesia (4a·cardiac, 4b-inferior vena cava} 
Code 5= Tissue collection (after euthanasia) - doesn't need to be specific 
Code 6 * Implantation (provide details) 
Cocle 7 ~ Others . [provide protocol specific manipulations or procedures for e.g., retro-orbital bleeding, tail vein injection, or drug 
delivery) 

VII. BIOHAZARDS/SAFETY 
See V.5.1 .2. Special Husbandry Provisions. See also attached AFRRI Form 310. 
The primary radiation hazard to workers arises from potential exposure to tissues made 
radioactive as a result of neutron activation of various elements within those tissues. 
Activation products of primary concern include Na-24, Cl-38, and P-32, because of their 
relative abundance in living cells (see AFRRI Form 310}. 
Those isotopes have a short half-life time (few hou rs) and were reported to be neutron
activated at the very low residual radioactivity (<0.5 uCi) (Hall DE, 2009. Modeling and 
Validation of Dosimetry Measurement Assumptions Within The Armed Forces 
Radiobiology Research Institute TRIGA Mark-F Reactor and associated Exposure 
Facilities using Monte Carlo Techniques. 
All protocol personnel will have a VSD safety training, general radiation users training 
and additional ones related to irradiations with reactor. Protocols for clean-up of small 
spills (alcohol, acids, bases, solvents, biological samples, etc.) are maintained in the 
Biodosimetry Research Group SOP Protocols Binder located in laboratoryl(b)(B) ~he 
reporting of small spills generally includes notification of protocol Pl and HPD staff. 

VIII. ENCLOSURES 
1. AFRRI Form 310 

X.ASSURANCES 

Protocol Title: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances tor the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Dupllca11on of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical ana!ysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth. in the preparation of this protocol 

E. Training: I verify that the personnel performing the animal procedures I manipulations J 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures J 
manipulations. 
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F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this a.nhnal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health. comfort. welfare, and well"being of the 
research animals. Additionally, I pledge fo conduct this study in the spirit of the fourth "A", namely, 
"Responsibility," which the DOD has embraced for implementing animal use alternatives where feasible 
and conducting humane and lawful research. 

G. Seierllific Revi1:?w: This proposed animal use protocol has received appropriate peer scientific 
review and is Gonsistent with good scientific research i;>ractice, 

H. Painful Procedure(s): ~/ AM NOT (circle one) conducting biomedical experiments, which 
may potentially cause more tary or slighi pain or dist(ess to animals. If applicable. potential 
pain and/or distress Will WILL NOT circle one) be relieved wi th 1he use of anesthe1ics, analgesics 
and/or tranquilizers. I have cons1 ered alternatives to such procedures: however, I have determined that 
alternative procedures are not available to accomplish the objectives of this proposed experiment. 

l(bX6) I 
. Ph.D. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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Appendix 1 
Sample Score Sheet for 

Clinical Observations with Criteria for Rodent Euthanasia 

DATE: 

Appcarani.:c: 

Respiratory Rate: 

Time: Aninrnl ID# 

Normal (smooth coar, clear eyes/nose) 
Hunched an<l/or !luffed 
Ocular discharge, and/or edema 
So 11 stools (fecal n1~11tcr around ~mus} 
Pale, white mucus membranes/skin** 
Bloody diarrhea 
Blue mucus membrnnes/skin (cyanosis)* 

Normal lm:athing 
lnt:rcascd breathing (double normal rate, rapid, shallow) 
Abdominal bn:alhing (gasping+/- opcn mouth breathing)* 

Si.:orc 

0 
I 
3 
5 
6 
() 

12 

0 
6 
12 

General Behavior: 
Norm~ll (based on baseline ohst.'rvutions) 0 
Stretching of hind limbs with abdominal motion (writhe) or grimace (App.Band C) 

Decreased mobility 2 
Ataxia, wobbly, weak'"* 6 
Inability to slan<l* 12 

Provoked Behuvior: 
Normal (moves when cage is disturbed, runs from hand (mice) or investigates (rat)) 0 
Subdued: responds to stimulation (moves away hrisk!yl 1 
Subdued even to stimul::ition (moves away slowly) 3 
Unresponsive tn gentle prodding ** 6 
Does not right when placed gently on side within 5 seconds* 12 

Weight Loss: (Only to be used if the total summed score is:::: 6 in the other four categories. 

TOTAL 

Said weight should not he taken daily. hut rather every few days.): 
Normal < 20'k 
20-2.'i'/r 
26-30'/c>** 
] l-34f/r. ** 
2':35%* 

0 
] 

6 
9 
12 

"'* Regardless of total score, notify appropriate 
veterinary staff personnel immediately. 

*Regardless of score, immediately euthanize 
(death is imminent) 

Tot~1I Score: 
< 6 Norma! 
6 - I l Morbid: Scc Vl.D.2 and Vl.D.4 in IACUC Policy# l 0 for guidelines 
'.". 12 Moribund: Notify responsible personnel immediately for euthanasia (if no single criteria is 12*). 

Any single criteri:1of12* euth~mize immediately: con~ider :1~ 'found de~1d.' 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(December 2015) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the Care and Use of Laboratory 

Animals, and other applicable Federal regulations and DOD instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. Either 
template may be used to format DOD-sponsored animal research proposals; however, reference to the 
instructions during protocol preparation is highly recommended. If using the template with instructions, the 
instructions should be deleted prior to submitting the finished protocol for IACUC review. Please use Arial, 
regular. size 12, black font to prepare the protocol. With the eKception of section headings, all paragraphs 
require a response. Paragraphs that do not apply should be marked NIA. There is no space limitation fof 
responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences 
Department (VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations not covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate el<perimenta! 
records and be able to provide an audit trai l of animal expenditures and use that correlates with their 
approved protocol. Protocol Pis will be required to provide this and other information during annual protocol 
reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, provided 
that the numbering sequence of paragraphs in the original standard format is maintained. In other words, 
all of the labeled paragraphs and subparagraphs in this template must be retained, w~h additional 
information being presented as sub-numbered paragraphs containing information that supports or 
complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., concepts, 
Ideas, experimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and non· 
Govemmsnt personnel handling this protocol shall exercise EXTREME CARE, to ensure that ths 
information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or patt, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 

*** DELETE THIS PAGE PRIOR TO PR'OTOCOL SUBMISSION*** 

1 of 16 

Doc 37 



DEPARTMENT OF DEFENSE SPONSOREO ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOL N0MBERfDJ(6) 

- ~I 
Submission Date: 3/11 i2016 2°• Resubmission Date: 

Approved/Returned for Revision: 3/30/:.?DHi ApprovecliApproval Withheld by IACUC: 

1"' Resubmission Date: 4i21i20Hi EXPIRATION DATE: 412.5i21H9 

Approved/Returned tor Revision• 4/2612016 F'revious Protocol Number (H 1elated) 
SECOND TIER REVIEW 

{it required/ 

Submission Date: Approved/Returned for Revision: 

Approved/Aelurnec for AevisiOl'I: 2"" Resubmissioi'I Date: 

1" Restbmissio11 Date: Approved/Approval Withheld: 

NOTES to Pl: 
• To DISPLAY this Word document's red-text instructions. lhV1@w v .. w Dmlop~r 

single-click Word's Shaw/Hide button (shown, right), 
located in Word's top-of-page panel (click Word's 
"Home·; tab if Show/Hide isn't displayed). 

• To HIDE the red-text instructions, single-dick the 
ShOw/Hlde butlon again . 

:= • t= .. ~;-=. 
· - :s- !-

I~ • ~ • [ :g· I ~· ....:... · 
I Para"!ra t- '• 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make enities into ihe red-text instfuction text Sihgle-click your mouse cursor in the data field, ihen1 

----~~!r:!.~D9.:.._. ________ ·-··-·-··-··-----·-··-·-···-·-·------·-·--·-·----·-·-·-··--·------·-·-··--·-·---·--·------·-·-·-·-·------·-·--· 

I. NAME OF FACILITY: Armed Forces Radiobiology Research Institute 

II. ,PROTOCOL NUMBIER: ..... l(b)_<6) ____ _ 

Ill • . PROTOCOL TITLE; Evaluate the radioproteetive and mitigative effects ~nd 
mechanisms of y-tocotrienol (GT3), o·tocotrienol (DT3) andll6H4T Jas novel 
radiation countermeasures in Mus musculus 

IV. PRINCIPAL INVESTIGATOR: 
llb)(6) I 
Radiation Countermeasures, SRO, AFRRI 
Telephone: 1(6){6) I 
l<sicei I 

V. DEPARTMENT HEAD: This animal use proposal received appropriate peer scientific review and 
Is consis!ent with good scientific research practice. 

l(b)(e) I PhD Date 
Sclentif,jc Advisor: Head, Scientific Research Department, AFRRI 
T etephonel(bJ(6) I 

l<o)(6) I 
-Or-
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Date 

VI. ST ATIS'iTilCAL REVIEW: A person knowledgem.ole in oiostatistics reviewed tliis proposal and 
ensures ~hat lhe number of' animals used is appropriate to obtain sufficient data and/or Is not excessive. 
and the statistical design is appropriate for the intent ot the study 

~1(6_><6_>~~==~~=='1Ph0 
Statistldan,rii'A"\':. F'""~ .... -R .... I __ ...., 
T elephone:l<bl{6) 1Fax:l(b)<6> 

VII. ATIEND1NG VETERINARIAN: In accordance with Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more tiha.n slight oir momentary pain or distress. even if relieved by anesthetics or analgesics .. 

.__ ______ I DVM, DACLAM, COL, VC, USA Date 
Sciences Department; AFRRI 

Fax (b)(6) 

VIII. SAFETY OFFICER: This animal use protocol received appropriate review for safety and 
biohazards. (Attach copy of completed AFf=IRI Form 310, EHS Research Protocol Hazard Analysis) 

fb)(6) I 
Saiety and Occu ational Heaith Specialist, USUHS 
ifele hone (b)( ) 

Date 

IX. IACUC A1PPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Us~ Committee on ____ _ 

(Date} 
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PROT,O~OL TITLE~ E~aluate the radioprot~ctive and mitigl~~~ effects and 
mechanisms of y-tocotnenol (GT3), 6-tocotnenol (DT3) and ~ > las novel 
radiation countermeasures in Mus musculus 

PRINCIPAL INVESTIGATOR; f t>)\ij) I 
CO-INVESTIGATOR(S): 
AFRRI SCIENTIFIC ReSeARCH PROTOCOL. NUMBER:f ._6_~m ___ _, 

I. NON-TECHNICAL SYNOPSIS 
Nuclear attacks and terrorism are serious security threats. Exposure to ionizing 
radiation (IA) causes rapid hematopoietic, gastrointestinal (GI), skin, and vascular 
system damage, and can result in acute radiation syndrome (ARS). This multiple org1an 
failure and mortality can result in human and animal death. There is an urgent need in 
developing effective and non-toxic countermeasures to safeguard milif.ary personnel 
and civilians against the effects of IA exposure. We and others have reported that the 
vitamin E isomers y-tocotrienol (GT3 and o-tocotri@nol DT3 have Si : nificanrt 
radio rotective effect§_.(jurrentl,, (blC4J 

Side 
~--.~~~--.----~'"'!"l".""~~-.:-----r-~~~,.,.....--.~...,,,ll:'lm~~--..,...,~~~ e comparison o the toxicity an survival e flcacies o an 3 tn mice 
after total-body gamma-radiation will be evaluated in this stu y. his application is 
complementary to that effort and will compare mechanisms of efficacy of the three 
countermeasure candidates. Successful understanding of the effects and mechanisms 
of tocotrienols on radioprotection and mitigation would increase survival of personnel 
who are victims of radiation exposure scenarios. 

II. BACKGROUND 
11.1. Backgr,ound 
Today, nuclear proliferation, terrorist activity, and the distribution of nuclear and 
radioactive materials make incidents involving radiation injuries of increas~ng concern. 
Exposur·e to IR causes damage to DNA, protein, and lipids in mammalian cells, with 
subsequent cell cycle checkpoint arrest, apoptosis, and necrosis. Hematopoietic and 
gastrointestinal (G I) systems are the most radiation sensitive organs. In humans, IR 
exposures doses above 1 Gy can pose a risk of destruction of tile oone marrow (BM) 
and damage to the hematopoietic system, leading to decreases in blood cell and 
platelet counts, long-term compromised immune function and increased susceptibil ity to 
infection and internal hemorrhage. The acute generalized GI syndrome appears after 
high·dose (~ 10 Gy) total-body irradiation (TBI) ( 1.0 Radiation induces less of ·- ................. (bl<4>.<b>(5> 

intestlnal crypts, damages crypt stem cells, and breakdowh of the GI mucosal barrier, 
which produce symptoms including nausea, vomiting, diarrhea and abdominal cramping 
(3). The number of crypts that survive following radiation damage determines how intact 
the intestinal mucosa is and, hence, how well an animal can survive the damage. Injury 
after prompt IA of hematopoietic and GI tissue is due to DNA damage and apoptosis in 
their cells occurring over a period of hours to days ( 4, 5}. The mechanisms of the IR~ 
induced multiple organ cellu lar and molecule damage and mortaHty are extremely 
complex and effective medical countermeasures are lacking(6). 
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Vitamin Eis an essential nutrient that includes eight distihct analogs: a-, J3-, y-, and 
~-tocopherols : and a-. ~-. y-, and ~-tocotrienols which differ in the number and position 
of the methyl groups on the chroman ring and differ in the side chain attached to the 
chroman ring which could be associated with their function. Most previous studies h1ave 
been conduclted with tocopherols, the most commonly used vitamin E supplement and 
the most abundant vitamin E isoform in human and animal tissue. During the last few 
decades, tocotrienol research has gained substantial momentum. Tocotrienols have 
shown neuroprotective, anticancer, anti-oxidative stress and cholesterol-decreasing 
effects that are often not exhibited by tocopherols ( 7, 8). However, the mechanisms are 
not understood. Some studies suggested that tocotrienols' anticancer properties were. 
through apoptotic mechanisms and regulation of P13K/AKt, NFkB, and MAPK signaling 
(9, 10). Further, many research reports revealed that tocotrienols induced apoptostts 
oreferentlally in cancer cells but not Jn normal cells ( 11. 121., 

[b)(4) 

Pure DT3 and GT.3 (desmethyl tocotrienols) are both derived from thre_e_mo_s_t_c_oJDJ]]_o_n __ 
natural lant sources: -aim rice bran- and annatto seeds 7 1 . J 

11.2. Literature Search for Duplication 
11.2.1. Literatu re Sources Searched 
NIH Reporter, PubMed 
11.2.2. Date of Search 
December 17 to December 29, 2015 
11.2.3. Period of Search 
All available years. NIH Reporter and PubMed: includes MEDLINE (1966-present) and 
OLDMEDLINE (1950- 1965) 
U.2.4. Key Words of Search 
T ocotrienol 
y-tocotrienol {GT3) or ~-tocotrieno l (DT3) or._l(b_H4_l _____ _, 
GT3 or DT3 or <bl and radiation 
GT3 or DT3 or <

4
l and hematopoietic cells and radiation damage 

GT3 or DT3 or and gastrointestinal tissue and radiation damage 
GT3 or DT3 or and radiation countermeasures 
GT3 or DT3 or and stress signaling 
11.2.5. Re.suits of Search 
Articles in all tocotrienols studies = 1217 
Articles in GT3 /or DT3 /o~tudies = 354/178/1 
Articles in GT3 and radiation studies = 33 
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Articles in DT3 and radiation studies = 1 i 
Articles in DG and radiation studies = o 
Articles in GT3 and radiation and hematopoietic cells studies = 1 o 
Article.s in DT3 and radiation and hematopoietic eel Is studies = 3 
Article.sin GT3 and radiation and gastrointestinal cells studies =4 
Article~s in DT3 and radiation and gastrointestinal cells studies = 1 
Articles comparing effects of GT3 and DT3 on radiation injury = O 
Articles comparing effects of GT3, DT3 and~n radiation injury= o 

fhe proposed stody has no overlapping with published data. 

111. OBJECTIVE I HYPOTHESIS: 
An approved collaiborative study (under the purview of the TT was commenced in 

FY15; side by side comparison of the survival efficacies oj (bl<4J Qi3 and GT3 in mice 
after TBI will lbe evaluated (IACUC protocol number This application is 
complementary to that effort In the present study, we propose o evaluate: and compare 

(b)(4l . ,,,,,.J.he .. e.ffects .. of GT3/DTaE::Jm protection (given before irradiation) and mitigatiorn (gi1ve111 
posHrradiation) ~f y-irradiated hemat?_poietic and gas~roi~testinal systems urngt 
mouse model. The proposed study will explore the following hypotheses: (1 (b)(4l may 
have greater radioprotective and/or mitigative effects than highly purified single T3 
candidates alone; (2) radioprotective and mitigative effects of T3~ may be through 
dinerent signal pathways in irradiated mice. 

1\1. MILITARY RELEVANCE Military personnel are potentially exposed to ionizing 
radiation in various scenarios. However, no safe and non-toxic radioprotective agent is 
available for military use to date. Developing countermeasures to radiation exposure is 
a top priority for the U.S. Department of Defense. We and others have reported that the 
vitamin E isomers y~tocotrienol (GT3 and o·tocotrienol bT3 have si nificant 
radio roteetlve effects. Current!· <bJ(4l 

Thus, we propose to conduct a study to further explore, evaluate and compare 
mechanisms and efficacy of the three countermeasure candidates {GT3, DT3 anJlm411 
on survival of the mouse hematopoietic and gastroi intestinal system after different~ 
of TBI. 

v. MATERIALS AND METHODS 
V.1. Experimental Design and General Procedures 
Mice: Animals will be randomly grouped (criteria-weight within 10% etc.) for dine.rent 

treatments prior to each experiment and re-housed (6=8 to animals per cage). 

Dru . re ·· aration and administration in mice model: The candidate T3s, highly· purified 
DT3, highly purified GT3, an b) 4l will be administered at doses of 
100 mg/kg as a single subcutaneous (sc} dose to mice 24 h before or 6 h or 24 h after 
exposure to whole-body gamma radiation as described below. The drugs will be 
solubilized in saline with 5% Tween-80 that also served as the vehicle control. SC 
injection will be performed as outlined in section V.4.4.1 Injections. The optimal doses of 
these T3s were obtained from the aforementioned survival study by AFRRI Tocol Team. 
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Irradiation : Mice will be placed in ventilated Plexiglas containers and exposed bilaterally 
to gamma-radiation from the AFRRI cobalt-60 source at doses of 0.0 (sham-irradiation), 
7, 8, 9, 1 o or 11 Gy at a dose-rate of 0.6 Gy/min. Sham-irradiated mice will be treated 
exactly the same way as the gamma-irradiated animals, except the cobalt-60 sources 
will not be raised from shielding water pool. 

V.1.1. Ex erlment 1 Compare the radioprotective and mitigative effects of~DT3, 
and GT3 T3/GT3 on the mouse hemato oietic s stem 
a) GD2F1 mice (6 animals + 2 phantoms/group) will be placed in ventilated Plexiglas 
and exposed bilaterally toy-radiation from the AFRRI cobalt-60 source at doses of 0.0 
(sham-irradiation), 7, 8 or 9 GyE}DT3/GT3 {100 mg/kg) or vehicle control will be 
administrated as a single subcutaneous (sc) dose to mice 24 h before or 6 h or 24 h 
after irradiation. After irradiation, mice will be returned to their specific cages. 

b) After TBI, animals will be anesthetized prior to blood collection and then euthanized 
for tissue collection at indicated time points. For all assays, blood cells, bone marrow 
(BM). thymus, spleen, and jejunum tissue will be collected from the sham-irradiated and 
y-irradiated mice 4 hand 24 h (for groups with drug given 24 h before and/or 6 h after 
IR), and 3, 7, 14, 21, and 28 days after radiation. Mouse blood will be analyzed in a 
Siemens ADVIA® 2120 Hematology System. Mouse BM cells will be collected from 
femurs and humeri. Total myeloid cell numbers and viability from individual mouse BM 
will be counted after irradiation. Clonogenicity of mouse BM cells will be quantitated. 
Death and apoptotic markers and cell surface phenotypes will be determined in all 
collected tissues using BD FAGS Galibur flow cytometry (BO Biosciences, San Jose, 
GA). 

c) BM pathological changes in mice treated witrE~)H3/GT3 or vehicle at 1, 3, 7, 
and/or 14 days post-irradiation will be evaluated by VSD pathologist. Mouse BM 
structure and cellularity will be examined in HE stained mouse sternum longitudinal 
sections. BM cellularity especially megakaryocyte restoration will be measured in 
microscopic fields for each sectioned sternum. 

d) Effects o~DT3/GT3 on cytokines and chemokines production in mouse serum 
and cells lyses will be measured by ELISA, cytokine array, and immunoblotting assays. 

V.1.2. Experiment 2 Compare the radioprotective effects of6m]DT3/GT3 on the mouse 
GI tract. 
a) GD2F1 mice (6 animal + 2 phantoms/group ) will be placed in ventilated Plexiglas 
and exposed bilaterally to y·radiation from the AFRRI cobalt-60 source at doses of 0.0 
(sham-irradiation) , 10 or 11 Gy~T3/GT3 (100 mg/kg) or vehicle will be 
administrated 24 h before irradiation. After irradiation, animals will be anesthetized prior 
to blood collection and then euthanized for jejunum tissue collection from y-irradiated 
mice 24 h, 3.5 days, 10 days and 14 days after irradiation. Blood and jejunum samples 
from sham-irradiation will be shared with experiment 1. 
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b) H&E stained mouse intestinal tissue slides will be examined for intestinal rnucosal 
surface area, crypt cell apoptosis, intestinal crypt colony generation, and villi at 3.5 days 
after TBI. Surviving crypts will be counted in transverse cross sections. 

c) Cytokine release from jejunum mucosa will be measured using ELISA, and compared 
in different treatment groups. Effects o~~~~):H31GT3 on radiation-induced inflammatory 
cytokines production in mouse jejunum mucosa will be evaluated. 

d) Radiation-induced intestinal bacterial translocation in liver, heart blood and spleen 
and radiation-induced sepsis will be quantified by bacterial translocation assay. 
Radiation·induced bacterial translocation starts around day 7 and peaks around 2 
weeks after TBI. Analysis of bacterial translocation will be performed on day 1 O after 
exposure to 1 O or 11 Gy TBI. The samples collected from euthanized mouse heart 
blood, liver, ana spleen will be cultured for bacteria growth. The single cGlonies of 
isolated rnicroorganlsms will be observed for their morphological characteristics. Gram 
stain characteristics wm be determined by Gram staining. They can be subcU1ltured and 
the pure culture will be analyzed by a Vitek 2 Compact automated system to determine 
the type of bacteria. 

V.1.3. Total number of animals: 1800 male CD2F1 mice 

Note: The Sham-irradiated mice will be shared between Experiment 1 and Experiment 
2. 

Sham - irradiated section for Experiment 1 and 2 = 4 groups (vehicle (AO) and DT3, 
GT3J16X4>1 x 6 animals/group )( 1 time points {4 hr and 1, 3 , 7, 14. 21, and 28 days) 
afterd'ru'gtreatment = 168 animals 

Irradiated section for Experiment 1 = 4 groups (vehicle (AO) and OT3, GT3fb)(4) Ix 6 
animals/group )( 3 drug dosing time (24 h before, 6 h and 24 h post) )( 7 sample 
collection time points (4 hr and 1, 3, 7, 14, 21, and 28 days) after irradiation x 3 
radiation doses (7, 8 and 9 Gy) = 1512 animals 

Irradiated section for Experiment 2 = 4 groups (vehicle (AO) and DT3, GT3(l6H4
J Ix 6 

animals/group x 2 radiation doses ( 1 O and 11 Gy) x 4 sample collection time points (1, 
3.5, 10 and 14 days) after Irradiation = 192 animals 

Sum of 168+ 1512+ 192+ 28 (for unforeseen losses or complications) animals = 1900 
animals 

V.2. Data Analysis 
Statistical software PC SAS will be used for statistical data analysis. Six animals per 
group will be used to provide statistical power >80% for two-tailed student's t-test. 
Means and standard deviation (SD) with a significance level at 5% set for each test We 
will report the mean± SD or percentage when applicable. In order to evaluate the 
hypothesis set forth and establish a comparison of significance of deviation from the 
hypothesis, Fisher Exact Test can be used. The test can provide the significance and 
deviation of efficacy of the measures used. The test can provide estimation of changes 
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as a series of plots of declining magnitude against a sample used to detect difference In 
the group population. 

When inferential statistics is used such as t-test, Fisher's tests, Analysis of Variance 
(ANOVA) etc, to evaluate the outcome and comparisons, sample size (n) needs to be 
determined lo provide sufficient statistical capability for performance. Based on the 
power analyses the sample size n::6 for each experiment is sufficient to deliver more 
than 80%, power to detect a significant difference between two groups if any, given type 
I error of 5% and delta/sigma has at least 1.03, where the delta is the estimated mean 
differences between the two groups and sigma is the standard deviation. ANOVA with 
mixed-effect model will be used when testing one dependent variable and Multivariate 
analysis of variance (MANOVA) will be used when testing more than one aependenit 
variable to detect if there is significant difference among the groups. 
For comparison and effects of survival of y-irradiated hematopoietic and gastroirntestinal 
~ystems usinJ a rnouse model and data derived from approved study (IACUC protocol# 

l(b){6) _will be used. 

V.3. Laboratory Animals Required and Justification 
v .3.1. Non-animal Alternatives Considered 
Radiation-induced adjustment in cellular tissue homeostasis triggered by various 
molecular responses related to inter= and intracellular signal ing causes both acute and 
late effects depending upon the interactions in dif1erent organs and tissues in animal 
models. The morphological changes in tissues can only be seen in tissues obtained 
from the animals. The hematological and cytokine and chemokine measurement can 
only be performed from blood collected from the animals. Therefore the observation of 
changes in hematopoietic and GI systems after exposure to radiation will be more 
meaningful in an in vivo model for the proposed study. 

V.3.2. Animal Model and Species Justification 
The murine model is the most well-defined animal model for research. The mouse was 
chosen over other animal models because of extensive published data that is readily 
available for comparison, review and analysis. The mouse model has significant 
hematological and immunological similarities to higher animals and humans. AFRRl's 
staff has 1extensive e)(perience with mice, including male GD2F1 in radiation iinjury and 
countermeasure research. 

V.3.3. Laboratory Animals 
V.3.3.1. Genus I Species Mice (Mus muscufus) 
V.3.3.2. Strain I Stock CD2F1 
V.3.3.3. Source I Vendor Envigo (Indianapolis, IN) 
V.3.3.4. Age 12-14 weeks 
V.3.3.5. Weight 24-30 g 
V.3.3.6. Sex Male 
V.3.3.7. Special Considerations NIA 

V.3.4. Number of Animals Required (by species) 
Mice: 1900 
V.3.5. Refinement, Reduction, Replacement (3 R's) 
V.3.5.1. Refinement 
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All animal users will be properly trained to ensure minimum stress during animal 
handling 
V.3.5.2. Reduction 
We shall make every effort to minimize the use of non-necessary animals. Control 
groups will be shared between experimental groups. At every stage or the research, 
plans will be reevaluated in light of incoming data in an attempt to reduce the numbers 
of experiments and groups. 
V.3.5.3. Replacement 

It is not feasible to use non-animal systems in place of animal models to address the 
research questions in this protocol. (See section V.3.1 above.) 

V.4. Technical Methods 
V.4.1. Pain I Distress Assessment 
V.4.1.1. AfPHIS Form 7023 Information 
V.4.1.1.1 . Number of Animals 
V.4.1.1.1 .1. Column C a(# of animals) 
V.4.1.1 .1 .2. Column D Sham-irradiated controls 168 for exp-1 and 2 (#of 
animals). These mice will have drug or vehicle sc. Injection and/or blood collected via 
cardiac puncture. 
V.4.1.1 .1.3. Column E All irrad iated mice 1732 (#of animals). These mice will be 
irradiated and will not receive any intervention for pain relief. However, they will be 
euthanized if found moribund according to AFRRl- IACUC policy# 10. 
V.4.1.1.1 .4. Pain Cateaorv Assianments 

Exp. # Exnerlmental/Control Groun c D E 1 Totals 
1 IA-induced hematoooietio svndrome 168 1512 1680 - -2 IA-induced GI syndrome 220 220 
Totals: 168 1732 1900 

V.4.1.2. Pain Relief I Prevention 
V.4.1.2.1. Anesthesia I Analgesia I Tranquilization 
For blood sample collection, animals wil l be anesthetized with isoflurane 1-5% in 100% 
oxygen u:sing the anesthesia machine in the VSD rodent procedure room. Animal 
resplratory rates will be closely monitored through the Plexiglas chamber during 
induction of anesthesia. When animals are recumbent and not response to toettail 
pinch, they will be removed from the chamber and their nose/mouth placed in th:e 
anesthesia apparatus breathing/gas administration cone for maintenance of anesthesia 
at 3% lsoflurane and 100% 02(with the 0 2 flow rate at 500 ml/min) during cardiac 
puncture for blood collection. 
V.4.1.2.2. Pre- and Post-procedural Provisions NIA 
V.4.1.2.3. Paralytics No paralytic agent will be administered. 

V.4.1.3. Literature Searcli for Alternatives to Painful or Distressful Procedures 
V.4.1.3.1. Sources Searched 
AGRICOLA 
Pub Med 
V.4.1.3.2. Date of Search December 20-29. 2015 
V.4.1 .3.3. Period of Search 
AGRICOLA - 1976-present 
PubMed: includes MEDLINE (1966-present} and OLDMEDLINE (1950-1965) 
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V.4.1.3.4. Key Words of Search 
Irradiation or Pain and Distress or Alternatives or An imal Model; Mouse and Irradiation 
or Pain or Alternatives; GT3/DT~r Treatment or Irradiation or Mouse; Blood 
collection or mouse or cardiac puncture or alternative . 

V.4.1.3.5. Results of Search 
Irradiation with ionizing radiation is not a painful process but it induces various changes 
in the body and kills hematopoietic cells and gastrointestinal epithelium. In irradiated 
animals, the immune response is compromised, and opportunistic infections may 
ensue. There is no less painful or distressful alternative found that can be used to 
develop protective and mitigating ~s for irradiation. No references were found 
suggesting any effect of GT3/DT~r AO (vehicle-control) on pain or distress. There 
are alternatives for blood collection by cardiac puncture in a mouse, such as tail vein 
and facial vein blood draw, etc. However, none of these alternatives can provide more 
than 0.1 -0.2 ml of blood but we need 1 ml blood/mouse for experiments. We will use 
cardiac puncture for blood collection and we will do it while the animal is anesthetized. 
Therefore, it will not cause more than momentary pain or distress. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 
There is no alternative in vitro system and no less painful/distressful in vivo system 
available to test new therapies against acute irradiation syndrome. Thus, we have to 
use this mouse model to test the protective and mitigative/therapeutic effects of 
GT3/DT3~n mouse hematopoietic and gastrointestinal systems after different 
doses of gamma-irradiation. 

Furthermore, we will need to collect about 1 ml of blood sample to run all the tests for 
our experiments in the proposed study. However, there is no other alternative available 
to obtain 1 ml of blood from a mouse other than cardiac puncture. Therefore, we will be 
using cardiac puncture for blood collection. The animal will be properly anesthetized 
during blood collection, so there should not be any pain or distress. 

V.4.2. Prolonged Restraint N/A 

V.4.3. Surgery 
V.4.3.1. Pre-surgical Provisions N/A 
V.4.3.2, Procedure(s) NIA 
V.4.3.3. Post-surgical Provisions NIA 
V.4.3 .4. Location N/A 
V.4.3.5. Surgeon NIA 
V.4.3.6. Multiple Major Survival Operative Procedures N/A 
V.4.3.6.1. Procedures N/A 
V.4.3.6.2 Scientific Justification N/A 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 
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Animal will be manually restrained and subcutaneous (sc) injections will be given with 
either a 23-25G x % inch to the nape of the neck of 0.1 ml (ma:ximum volume 1 ml for 
25 - 38 g animals) . Injections will be carried out in VSD animal housing room. 

V.4.4.1.1. Pharmaceutical Grade Drugs NIA 

b) The drugs will be solubiliz:ed in saline with 5% Tween-80 that also served as the 
vehicle control. 
These ,(~r{im~ntal formulations were developed by a commercial formulation lab on 
behalf o < nd have been tested at AFRRI. 

V.4.4.2. Blosamples 
Animals will be anesthetized with isoflurane 1-5% in 100% oxygen before blood 
collection. Blood (0.7-1 ml/mouse) will be drawn by cardiac puncture using 23-25G x % 
inch needle in anesthetized mice. After blood collection, animals will be euthanized as 
outlined in section V.4.6 E.uthanasia and tissue samples will then be taken. Blood, bone 
marrow, spleen, and Jejunum tissue will be collected from the sham-irradiated and 
gamma-irradiated mice. 

V.4.4.3. Adjuvants N/ A 

V.4.4.4. Monoclonal Antibody (MAb} Production NIA 

V.4.4.5. Animal Identification 
Generally, cage cards will be used to distinguish drug~treated and control groups. Some 
experiments might necessitate tattoo by personnel to identify individual animals in a 
cage. 
V.4.4.6. Behavioral Studies N/A 
V.4.4.7. Other Procedures N/A 

V.4.4.8. Tissue Sharing 
Tissues will be shared upon availability and request from other Investigators. 

V.4.4.9. Anlmal By-Products NIA 

V.4.5. Study Endpoint 
In the proposed study, the animals will be kept for maximum of 30 days in Experiment 1 
(7, 8 and 9 Gy) and maximum of 14 days in experiment 2 (1 O and 11 Gy). We do 
anticipate the animals to become morbid and moribund in this study. IACUC Pol icy #10, 
Guidelines for Establishment of Early Endpoints in Experiments with Expected Mortality 
will be implemented for judging morbidity and moribundity. Signs of morbidity in the 
mouse include difficulty in breathing, ruffling of hair, drying of lacrimal fluid, fall in body 
temperature, loss of appetite with/without diarrhea. No supportive care is proposed. but 
the morbid mice will be examined at least three times daily, early morning and late 
afternoon by the research staff (including weekends and holidays) in addition to the 
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regular VSD health checks. The timing between the late evening and early morning 
check will not exceed ten hours during the critical period. 

The moribund condition is defined as a clinically irreversible condition leading 
inevitably to death. Animals involved in experiments that may lead to moribundity or 
death will be monitored daily by personnel experienced in recognizing signs of 
moribundity (illness, injury, or abnormal behavior) for at least the following: abnormal 
posture, rough hair coat, head tucked into abdomen, exudates around eyes and/or 
nose, skin lesions, abnormal breathing, difficulty with ambulation, cyanosls, decreased 
food or water intake, or self-mutilation ( 19). 

Animals will be immediately euthanized when they display abnormal breathing, are 
recumbent, or unable to respond to mild external stimulus by the research staff and 
scored as dead on removal. VSD veterinarians will be consulted for all matters 
regarding animal welfare. 

V.4.6. Euthanasia 
Animals in experiments involving blood collection will be anesthetized with 1-5% 
isoflurane before blood collection. After blood collection, cervical dislocation as a 
secondary method to confirm animal death will be performed while the animal is still 
anesthetized. 

For the non-blood collection groups, before tissue collection or mice found moribund will 
be euthanized by C02 inhalatlon plus confirmatory cervical dislocation by 
investigator/technician according to the directives of the VSD-SOP and in accordance 
with current AVMA Guidelines on Euthanasia. At the conclusion of the experimental 
time frame, all animals that survived the procedures of irradiation, drug intervention and 
controls, will be sacrificed by C02 inhalation plus confirmatory cervical dislocation and 
their carcasses disposed of according to VSD regulations. 

V.5. Veterinary Care 
V.5.1. Husbandry Considerations 
Mice are social animals and will be housed together in groups. Nesting 
material/igloos/tunnels will be provided in each cage. Animals will receive Harlan Teklad 
Rodent Diet (w) 8604 and water ad fibitum. Acidified water (pH 2.5-3.0) will be 
provided. Cages will be regularly changed and cleaned by VSD staff. Animal rooms will 
be kept on a 12 h/12 h light/dark cycle. 
V.5.1.1. Study Room As assigned by VSD 
V.5.1.2. Special Husbandry Provisions N/A 
V.5.1.3. Exceptions N/A 

V.5.2. Veterinary Medical Care 
V.5.2.1. Routine Veterinary Medical Care 
Routine veterinary care will be provided as per VSD SOPs. This includes am and pm 
health checks on all the animals by veterinary technicians on weekdays. On holidays 
and weekends, am checks are done by animal care takers and pm checks by veterinary 
technicians. In the course of the study, as animals approach morbidity, the research 
staff observations will be increased to a minimum of three times a day, early morning 
and late afternoon (includes weekends and holidays). The timing between the late 
evening and early morning check will not exceed ten hours during the critical period. 
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There is no supportive therapy contemplated since this would compromise th:e 
experimental results (described earlier in the end point and pain category sections}. 

V.5.2.2. Emergency Veterinary Medical Care 
On weekends and holidays, morning rounds will be done by VSO animal care takers 
and ~vening rounds will be done by VSD veterinary technicians. Animal care takers and 
veterinary technicians can contact the on call veterinarian if needed. Our (Pl) statt will 
provide afterhours coverage (outside of the routine veterinary coverage provided by 
VSD staff) on as needed basis as determined by the VSD veterinarians. Our staff will 
contact the on call veterinarian if needed. 

V.5.3. Environmental Enrichment 
V .5.3.1. Enrichment Strategy 
Nestling pads, tunnels and/or igloos will be provided in each cage during bedding 
changes. 
V.5.3.2. Enrichment Restrictions NIA 

VL :STUDY PERS-ONNEl QUALIFICATIONS ANO TRAINING 

NAME DEGREE TRAINING 
,OJ(ti/ 

Pn::icedurie and manrpulation codes: 
Code 1 = An'imal handling and euthanasia 
Cede 2= Surgery (aseptic let hnique) pre· and posl·0peiative care 

DATE PROC~OUMS 

1, 3b, 4a, 5, 
anesthesia 
1, 3b. 4a, and 5, 
anesthesia 

Code 3~ Injections i3a-ip, 3b·sc, 3c·gavage) • can say 3 if trained in all man~pulalions or add 3d·iv 
Code 4= 1Blood collection under ar1esthesla (4a·cardiac, 4b·inferior vena cava) 
Code 5= Tissue collection (after euthanasia) - doasn l need to be specific 
Gode 6 = 1rnp1nntatlon (provide detailsi 

J YRS/MOS 
EXPEFflENCE 

• 
,0)(6) 

Code 7 = Others • ·iprovide protocol specillc manlpulatlons or procedures for e,g., retro·ort>ital bleeding. tail vein injection, or d~ug 
de!iveiy) 

VII. BIOHAZARDS/SAFETV 
All investigators and personnel will use appropriate protective gear while in the vivarium, 
as described by the vso. All listed personnel are current regarding sat ety training and 
medical surveillance. All listed personal have completed the Animal Care and Use in 
Research and l!ducation training (AALAS learning library) courses. Recently they took 
three refresher courses: Common Compliance Issues, 8th Edition of the Guide for the 
Care and Use of Laboratory Animals, Pain Recogni tion and Alleviation in Laboratory 
Animals and passed the exams. 

VIII.ENCLOSURES 
References 
1. MacNaughton WK, Review article: new insights into the pathogenesis of radiation

induced intestinal dvstunction. Aliment Pharmacol Ther 2000; 14, 523-81 

2. ["'"™' 
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X. ASSURANCES 

Protocol Title: Evaluate the raaioprotective and mitigative effects and meclianisms 
o'f y-tocotrienol (~T3}, 6-tocotrienol (DT3) and((b)(a) las novel radiation 
countermeasures in Mus muscu/us 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide assurances 
for the following: 

A. Anlmal Use: The animals authorized for use in this protocoi will be used only in the ac!ivlties and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I nave made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

c. Statistical Assurance: I assure that I have consulted with a qualified Individual who evaluated the 
expe,imental design with respect to the statistical analysis. and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard I Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable mies and regulations concerning radiation protection, blosa.fety, recombinant issues. amd so 
forth, in the preparation ot this protocol. 

6. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocoi are technicaily competent and have been properly trained to ensure 
that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations. 

F. Responsibility: I acknowledge the inherent moral. ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project wiil demonstrate a concern for the health, comfort, welfare, and well-being of the research 
animals. Additionally, I pledge to conduct this study in the spirit of the fourth "R", namely, ''Responsibility," 
which the DOD has embraced for Implementing animal use alternatives where feasible and conouctlng 
humaJile and lawfUJf research, 

G. Scientific Review: This p(oposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research pracllce. 

H. Painful Procedure(s): I AM I AM NOT (circle one) conducting biomedical experiments, which may 
potentially cause more than momentary or slight pain or distress to animals. If applicable, potential pain 
and/or distress WILL I Will NOT (circle one) be relieved with the use of anesthetics, analgesics andior 
tranquilizers, I have considered alternatives to such procedures; however, I have determined ~hat 
al~ernatlve iprocedures are not available to accomplish the objeciives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date) 
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DOD ANIMAL CARE AND USE STANDARDIZED PROTOCOL FORMAT 
WITH EMBEDDED INSTRUCTIONS 

(April 2015) 

Reference DOD Instruction 3216.01 & AFRRI Instruction 3216.2H 

Information requested in the fol/owing an/ma/ use protocol template reflects the requirements of 
the Animal Welfare Act Regulations (AWAR), the Guide for the care and Use of Laboratory 

Animals, and other applicable Federal regulations and 000 instructions. 
************************************************************************************* 

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. It 
is a companion document to an identical protocol template that does not have embedded instructions. Either 
template may be used to format DOD-sponsored animal research proposals; however, reference to the 
instructions during protocol preparation is highly recommended. If using the template with instructions, the 
instructions should be deleted prior to submitting the finished protocol for IACUC review. Please use Arial, 
regular. size 12, black font to prepare the protocol. With the eKception of section headings, all paragraphs 
require a response. Paragraphs that do not apply should be marked NIA. There is no space limitation for 
responses to the information requested. 

Approved standard operating procedures (SOPs) promulgated by the AFRRl Veterinary Sciences 
Department {VSD) or similar VSD-validated documents that describe specific procedures may be 
referenced by SOP number and title in lieu of repeating the details in the protocol. However, it is essential 
to include general descriptions of all animal manipulations to be carried out under 1he IACUC-approved 
protocol and to provide details where no approved references are cited. To do otherwise would constitute 
a breach of statutory regulations. Manipulations no1 covered in the originally approved protocol can be 
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally, 
Principal Investigators (Pis), or other delegated research personnel, should maintain accurate el<perimenta! 
records and be able to provide an audit trail of animal expenditures and use that correlates with their 
approved protocol. Protocol Pis will be required to provide this and other information during annual protocol 
reviews. 

Any supporting information that may be of use to the IACUC during its review may be attached to the 
completed protocol. Adding subparagraphs within the body of the protocol template is permissible, provided 
that the numbering sequence of paragraphs in the original standard format is maintained. In other words, 
all of the labeled paragraphs and subparagraphs in this template must be retained, with additional 
information being presented as sub-numbered paragraphs containing information that supports or 
complements what is requested. 

INTELLECTUAL PROPERTY STATEMENT 

Research protocols drafted by Government scientists include intellectual property (e.g., concepts, 
ideas, eKperimental approaches, etc.), some of which is innovative or original and therefore 
considered proprietary to the Investigators and/or the sponsoring agency. All Government and non· 
Government personnel handling this protocol shall exercise EXTREME CARE, to ensure that the 
information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or part, for any 
purpose other than to evaluate the protocol, without the written permission of the principal 
investigator or the sponsoring agency. 

*** DELETE THIS PAGE PRIOR TO PR'OTOCOL SUBMISSION *** 
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DEPARTMENT OF DEFENSE SPONSORED ANIMAL RESEARCH 
PROPOSAL SIGNATURE COORDINATION SHEET 

FOR IACUC USE ONLY 
PROTOCOLNUMBERfD)(o) I 

Submission Date: 3/18i2016 2"" Resubmission Date: 

ApproveCVReturned for Revision: 4/7i2016 Approvecl.IApproval Wilhhe!d by 1ACUC: 

1" Resubmission Date: 41Hfi!016 EXFIRATION OATE: 411412019 

Approved/Returned tor Revision: 4/15i2016 Previous Protocol Number (if related) 
SECOND TIER REVIEW 

(if required) 

Submission Date: Approved/Returned for Revision: 

ApprovediRelurned for Aevision: 2"" Resubmission Date: 

P1 ReS4.bmisslon Date: Approved/Approval Withheld: 

NOTES to Pl: 
• To DISPLAY this Word document's red-text instructions, Revirw Vltvi Developer 

single-click Word's ShOw/Hide button (shown, right), 
located in Word's top-of-page panel (click Word's 
''Home" tab if Show/Hide isn't displayed). 

• To HIDE the red-text instructions, single-dick the 
Show/Hide button again . 

::: • 1:: - ·;;: Ii i~ £if111J II ~ 
11J • :m • I t§H ~ - - · 

Paragraph 

Show/Hide 
button 

• For each section and subsection, enter your text into the underlined data field ( ) only. Do not 
make entries into lhe red-text inslruciion text Sihgle-click your rnouse cursor in the data field, then 

----~~!!'!.!Y.Pl.!!9: .... ---····----··-··--·--·--··---··········----···--··-·-----····-···---·--·-·-···----···--·-------····-···-·--·--····--
I. NAME OF FACILITY: Armed Forces Radiobiology Research Institute 

II. ,PROTOCOL NUMBER:.__fb_>{6_) ____ __, 

Ill. PROTOCOL TITLE: DEVELOPMENT OF WELL-CHARACTERIZED MINIPIG (Sus 
scrota domestica) MODELS OF GI- AND H-ARS 

IV. PRINCIPAL INVESTIGATOA{<b)(S) 

V. DEPARTMENT HEAD: f hls animal use proposal received appropriate peer scientific review and 
is consistent With good scieritific research practice. 

1Cb>t6> I PhD Date 
Head, Scientific .Research Department. AFRRI 
'f elephone:l1b)(6) I 

l(b)t6> I 
- Or-
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l(b)(6) 

VI. ST ATISi1ICAL REVIEW: A person knowledgeable in oiostatistics r~viewed tliis proposal and 
ensures ~fiat ihe ntJmber of animais used is appropriate to obtain sufficient data and/or is no! excessive, 
and ihe statistical design is appropriate for the intent of the study 

... 1<6,...)<
6
_,_> ....,....,. ____ __,I PhD 

Statistician 
Telephone t""(b""){6"'") ____ Fax:l1r)(6) 

Date 

l(b )(6) 

VII. ATTENDING VETERINARIAN: In accordance with Animal Welfare Regulations. the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may cause 
more than slight or momentary paih or distress, eveh if relieved by anesthetics or analgesics. 

Date 

Vlll. SAFETY OFFICER: i his animal use protocol received appropriate review for safety and 
biohazards, (Attach copy of completed AFRRI Form 310, EHS Research Protocol Hazard Analysis) 

Date 

IX. IACUC APPROVAL: This protocol was reviewed and approved by the Institute Animal Care 
and Lise Committee em ____ _ 

(Date) 
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PROT·OCOL TITLE: 
DEVELOPMENT OF WEl..1..-CHARACTERIZED MINIPIG (Sus scrota domestica) 
MODELS OF GI· AND H~ARS 

PRINCIPAL INVl;STIGAJORJC6X6) I PhD 
Principal investigato~0l<l> lscientific Research Depar1ment 
Armed Forces AadlobiOIQID' Research lnsiitut~ !AF880 
Te ~(b){o) I Faxl(b)(6) I E-mail (b)(6J 

'-=-~~~~~~~~ 

I. NON-TECHNICAL SYNOPSIS We are continuing the development of well·characterized minipig 

models for the gastrointestinal (GI) and hema1opoietic (H) Acute Radiation Syndrome (AAS), as surrogate 

models for the human AAS and for ultimate use by Biomedical Advanced Research and Development 

Authority (BARDA). The ultimate goal is to evaluate the efficacy of medical countermeasures to mitigate 

the human H·ARS and Gl·ARS. and to support submission of pre-clinical applications to the Food and 

Drug Administration. This study will fulfill the purpose of providing a well-characterized model for radiation 

countermeasure testing, as required by the FDA Animal Rule. 

IL BACKCiROUNO 

11.1. Backgr·ound We are continuing the development of well·characterized minipig models for the 

GI- and H -AAS, as surrogate models for the human AAS and for ultimate use by BARDA. The ultimate 

goal is to evaluate the efficacy of medical countermeasures to mitigate the human H-ARS and GI-AAS, 

and to support submission of pre-clinical applications to the Food and Drug Administration. The purpose 

of this proposal is continue to characterize the natural history of minipigs irradiated at H-ARS and GI-AR'S 

doses, under conditions reproducible at other centers within the BARDA minipig consortium, and to 

provide probit curves for ihe testing of radiation medical countermeasures (MCM) under GLP-like 

conditions. within AFAAI capabili1ies. 

For me H-AAS, we will use a unilateral sequential exposure mOdallty (V irradiation Cobalt-60 source). The 

unilateral sequential exposure mimics the rotating plane on which animals are placed for irradiation when 

a punctiform source of Cobalt-60 is employed. in contrast to AFRRI set up where several rods of 

radioactive materials are lifted to produce a large field in proximity of the object to be targeted. 
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Preliminary dala using the unilateral sequentlal exposure suggest that this geometry provides lethality 

profiles closer to those observed at other sites within the minipig consortium; however data need to be 

confirmed. In a single experiment done at AFRRI comparing unilateral sequential versus bilateral 

simultaneous irradiation, unded(b)(4) ltunds. a total of 16 animals were irradiated with 1.85 G~·. using 

Cobalt 60. Of these. eight were exposed to unilateral sequential irradiation. and eight were exposed to 

bilateral simultaneous irradiation. Of the animals irradiated bilaterally. two out of eight survived (25%). Of 

the animals irradiated unilaterally, five out of eight survived (62.5%) . Higher counts {thousands per 

microliter) were seen with unilateral animals for white blood cells (WBC) (3. 73 vs. 2.12) and absolute 

neutrophil counts (ANC) (2.37 vs. 1.66) at day 3 (p 0.001 ), and for platelets at day 3 (497 vs. 364) and 7 

(261 vs. 165). (p 0.001 ). when comparing complete blood counts (CBC) between animals subjected to 

different irradiation modalities. Other blood counts did not show major differences. Gross pathology 

showed hemorrhages in multiple organs (i.e. intestine, heart, lun~s) for both groups euthanized due to 

morbidity before the end of the study. However. petechiae/ecchymoses disappeared around day 23 for 

unilateral irfadiation , but petsisted till day 30 {end of study) for bilateral {even though platelet counts were 

comparable between groups) . 

Since the gastrointestinal syndrome is 100% lethal aiter total body Irradiation (TB I) in the absence of 

treatment. for the Gl-ARS we will use a linear accelerator (LINAC Elekta) lo irradiate only the GI and the 

bottom half of the animal while sparing thoracic cavities. upper limbs and head. in alignment with 

dosimelry protocols used at other centers using minipigs and sponsored b~(bJ(4) lwe have previously 

shown that doses of 2 to 5 Gy are associated with an accelerated hematopoiellc syndrome. characterized 

by villus blunting and fusion, the beginning of sepsis, and a mild transient reduction in plasma citrulline 

concentration l(o)(4l.(0)(6) I At higher doses, the Gottingen minipig exposed toy radiation of 5 to 

12 Gy demonstrates a dose-dependent occurrence of all parameters classically associated with acute Gl

ARS. Our results suggested that the G6ttingen minipig is a suitable model for studying Gl·ARS after total 

body irradiation._l(b_)(_1>_(_6x_6_> __ __,I However the use of supportive care and/or partial body shielding to 

ellt,ehd survival lbeyond 10 days for characterizing overlapping H-ARS, as expected in humans, is strongly 

recommended. Unlike total body irradiation, partial body irradiation (PBI) exposure is expected to allow 

survival at gastrointestinal doses that are otherwise lethal because of concomitant underlying 

hematological-acute radiation syndrome; gastrointestinal and pulmonary complications . Furthermore, 

non-uniform or partial body exposure leading to some bone marrow shielding is likely to be the most 

common modality of exposure in case of a radiation accident. This approach will provide a specific and 

reproducible GI and hematopoietic injury. The natural history of GI and bone marrow damage will be 

characterized in terms of general indicators of animal health, as well as by apoptotic and mitotic activity in 

GI tissues, structure and func1ion of the GI, hematological depression and recovery of the bone marrow. 

The G6ttingen minipig has demonstrated marked sensitivity to the development of coagulation anomaifes 

and vascular leakage after exposure to irradiation, leading to bleeding, multi-organ dysfunction, and 

death. Animals that succumb to lethal doses of radiation, starting at hematopoietic doses, are 
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characterized by widespread hemorrhages, edema. deposition of fibrin, and blood clots. The effect of 

radiation on blood coagulation is an area that has been largely neglecled, although much evidence of 

induction of coagula1ion disorders is found among individuals exposed to irradiation from clinical, 

accidental and malicious exposures. The molecular mechanisms behind species variations in sensitivity 

to radialion are unknown. Krigsfeld et al (2014a) report that disseminated intravascular coagulation (DIC) 

may play an inlegral role in death al the LD50 dose of either gamma or solar particle event (SPEj-lik.e 

proton radiatioo. In pigs and ferrets, DIC was characterized by impaired whole blood clotting as measured 

by thromboelastometry alteralions, decreased platelet counts, eleva1ed d-dimer concenlrations in the 

blood, hemorrhaging. and deposition of fibrin in tissues (Krigsfeld, 201 4a; Krigsfeld, 201 .!lb). Inflammation, 

hemostasis and hemodynamics are intimately linked, with each process propagating the other, creating a 

vicious cycle of thrombogenesis. inflammation and hypo-perfusion, leading to coagulopathies and rmulti

organ dysfunction. Coagulopathy may derive from thrombocytopenia and reduced levels or absence of 

clotting factors, or through stimulation of pro-coagulant activities, dysregulation of the thrombomodulin 

pathway. and inflammation (through increase in levels of fibrinogen. and CAP-induced complement 

activation). As part of anlmal model development. we propose to evaluate the dose dependent 

occurrence o f radiation-induced coagulopathies in the Gottingen minipig. This study will fulfill the purpose 

of providing a well-characterized model for radiation countermeasure testing , as required by the FDA 

Animal Rule. 

11 .2. Literature Search for Duplication 

11.2.1. Literature Sources Searched RePORTER; BRD; PubMed 

11.2.2. Date of Search 1/6/2016 

11.2.3. Period of Search 2000 - 2016 

11 .2.4. Key Words of Search 

minipig OR swine ANIO radiation 

OR 

minipig OR swlne ANO acule radiation 

OR 

minlplg OR s~ ne ANO rad iation AND coagulatlon 

OR 

minipig OR swine AND radiation AND Cooalt 

OR 

minipig OR swine AND radiation AND LINAC 
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OR 

minipig OR swine AND radiation AND intestine 

11.2.5. Results of Search 

BRO The database is no longer available. 

RePORTER: The search with swine and radiation gave 117 results. Among these results, the term 

"radiation" was used mainly within the context of medical devices (i.e. X-rays, MRI, laser} or for local 

therapy targeting the eyes, local tumors, or for surgical applications. The project most relevant to this 

proposal consisted in engineering transgenic pigs to enable the study of adult stem cells following 

diseases/injuries, including cancer, and regenerative responses resulting from 

radiation/chemotherapeutic or viral/ bacterial damage. When the term coagulation or intestine were added 

to the search, the results consisted of projects evaluating interventional techniques (intravascular 

imaging, MRI, spectra CT, laparoscopy, etc}, immune response to specific coagulation factors, blood flow 

regulation in glaucoma, and the research on genetically engineered transgenic pigs. There were no 

studies addressing the consequences of acute radiation injury on coagulation parameters or intestinal 

function. 

PubMed: The search with minipig OR swine and radiation gave over 5000 results. Most "hits" were not 

pertinent to acute radiation, as it is in the case of this proposal. The most relevant publications using 

acute radiation as search terms were our own (see section on "References" at the end of the protocol), 

and a few publications on the radiation-induced gastrointestinal syndrome in the Gottingen minipig and its 

application in clinical research (Shim et al, Rad Res, 2014; Wang et al, PLoS ONE, 2013). ln our previous 

studies we have not investigated intestinal function or the role of coagulation in the etiology ot the ARS. 

The work by Shim et al (2014) uses the approach of ilea-cutaneous anastomosis to gain a "window" over 

the intestine of irradiated animals which allow the investigators to follow morphological changes overtime 

following abdominal irradiation. No assays addressing intestinal function were done in that study. The 

work by Wang et al (2013) suggests that radiation can reduce the energy metabolism, as measured by 

levels of adenosine-triphosphate (ATP}, adenosine-diphosphate (ADP), adenosine-monophosphate 

(AMP), total adenine nucleotides (TAN), and presence of aberrant mitochondria in Tibetan minipigs. 

Of the 178 "hits" found when searching for swine, radiation and coagulation, only one result was relevant 

to coagulopathies resulting from total body, acute irradiation as in the case of this study. Radiation

induced coagulopathies were assessed using the Yucatan mini pig irradiated acutely with total body using 

solar particle event (SPE)-like proton (Krigsfeld et al, Life Sci Space Res, 2014}. or following skin thermal 

injury after laser irradiation. Other studies were done using laser pulses, ultrasounds, UV, X-rays and 

neutron scattering. All studies found completely differ from our proposal, in the quality of radiation and 

endpoints evaluated. 
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Ill. OBJECTIVE I HYPOTHESIS Our objectives are: 

(i) To establish the dose dependent natural history of animals exposed at H-ARS doses to unilateral 

sequential (Cobalt-60) irradiation, and to follow the development of radiation-induced coagulopathies. 

(ii) To establish the relationship between radiation-induced intestinal bleeding and function of the GI tract, 

and to evaluate biomarkers of GI structure and function under PBI. 

(iii) To establish a radiation dose dependent injury profile for Gl-ARS in animals irradiated under PBI. 

Experimental details are reported in Section V Materials and Methods. 

IV. MILITARY RELEVANCE 

Both early and late health effects of radiation exposure are major concerns for the military. Developing 

countermeasures to radiation exposure is a top priority for the US Department of Defense. Effective 

countermeasures would expand the options available to field commanders operating Ionizing Radiation 

(here defined as IR) threat environments, and improve the morale of personnel at risk of exposure to IR. 

DoD Defense Technology Objective MD.18 states: "Effective mitigation of health consequences (of IRl 

will ( 1) reduce casualty load at medical treatment facilities, (2) sustain a more effective operational force 

after a radiation exposure event, (3) allow commanders to conduct operations in radiation field 

environments without undue risk of decremented performance of personnel due to acute tissue injury, 

and (4) reduce the negative psychological impact on personnel tasked to operate in contaminated 

environments." 

An important barrier to advanced development of radiation countermeasures is the paucity of large, long

lived, non-rodent animal models of radiation injury. The only choices at present are nonhuman primates 

(NHPs) and canines. The higher sentient status of NHPs, their expense and occupational health hazards, 

are also disadvantages of working with NHPs. Canines are notoriously sensitive to NSAID and vomiting, 

therefore providing oral medication may be an issue (Swindle et al. 2012). The addition of miniature swine 

as a large animal radiation injury model would facilitate development of promising countermeasures for 

both military and civilian use that could be used tor prophylactic, mitigator and therapeutic use. 

V. MATERIALS AND METHODS 

V.1. Experimental Design and General Procedures 

Male Gottingen minipigs will be obtained from Marshall BioResources, North Rose, NY, at age of 4-6 

months, and at a weight 7-13 kg (see section V.3.}. Minipigs may be group-housed during quarantine 

(see section V.5.1 }. Age and weight will be strictly controlled, which will avoid possible complications 

related to increasing weight and fatty mass (see section V.5.1.2). 
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Animals will be irradiated at an age of approximately 5 months. Minipigs will be single-housed but kept in 

visual contact with each other, and fed twice a day according to their weight, following recommendations 

from the vendor (Marshall Bioresources), and as described in section V.5. Veterinary care. After the 

required period of quarantine/acclimation (see Section V.5.1.} . animals will be sedated as described in 

section V.4.1 .2.1. Anesthesia I Analgesia I Tranquilization, transported to the radiation facility, placed on 

a sling or a table, irradiated and returned to their quarters, where they will be monitored until full recovery. 

A LINAC with field definit ion determined by a multi-leaf collimator, or a Cobalt-60 source with unilateral 

sequential exposure, will be used to irradiate the animals, depending on the experiment. A representative 

figure of a UNAC Elekta is reported in Figure 1. 

Figure 1: Example of LINAC Elekta with table. 

All animals will receive preventative minimum supportive care, according to section V.4.1.2.2. 

Survival will be monitored for 30.60 days, depending on the experiment: appropriate biomarkers to 

support the natural history of ARS will be collected at periodic time points. Blood for CBC/differential and 

plasma will be collected before irradiation and at several time points after irradiation. as described in the 

individual experiments and in section V.4.4.2 Biosamples. Time points may be shilled by 24 - 48 hour, or 

dropped in case of unforeseen circumstances. Additional blood draws may be taken, per veterinarian 

request, if naadad to assess health of the animal. Blood will be co!lectad from either a Vascular Access 

Port. or an externalized catheter. or from peripheral veins (V.4.3.2. Procedure(s) and V.4.4.2. 

Biosamples}. 

Moribund animals will ba euthanized according to pre-established euthanasia criteria (section V.4.5. 

Study Endpoints}; animals completing the survival study will be euthanized within 3 days from the 

completion of the observa1ion period. Euthanasia will be carried out according to section V.4.6. 

Euthanasia. Tissues and blood samples may be collected for further analysis and tissue sharing, as 

outlined in section Tissue Sharing V.4.4.8. 

Primary data-points of the study will depend on the Experimental Aims. 
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V.LL Experiment 1. To establish the dose dependent natural history of animals 

exposed at HwARS doses to unilateral sequential (Cobalf .. 60), and to follow the 

development of radiationsinduced coagulopathies. 

Mlnipigs will be exposed to hematopoietic total body doses of radiation using unilateral sequential Cobatt-

60 exposure. We will irradiate animals with lour doses, between 1.6 Gy and 3.0 Gy, based on h·srorical 

data from th~<6X4l Forresponding to expected LD20/45, LD40/45, L060/45 and 

LD80f45. Final doses will be provided to the IACUC via memo prior to commencement of the experiment. 

Survival will be monitored for 45 days after e.:posure. Simultaneously, we will follow the development of 

radiation-induced coagulopathies. Blood will be collected twice before irradiation, and. with day 0 the day 

of irradiation, al days + 1, 3, 7, 1 O. 14, 17, 20, 23, 27, 30, 35, 40 and 45. Time points of blood collection 

may be subjected to change by up to +!- 24 hours. Blood volume will be within allowed guidelines: up to 

1% of total blood will be drawn in a single day. and ho more than 7% of total blood volume in a week 

(Diehl et al, 2001) (see V.4.4.2}. 

Coagulation assays are sensitive lo dilution parameters. As part of Experiment 1, we will use control 

sham animals to optimize protocols and dilution factors for swine samples, and to obtain baseline values 

and measures of assay rel iability. 

Primary experimental endpoints 

The pnmary endpoints will be 45-0ay survival, blood cell counts, general indicators of animal health, 

gross and histopathology {H&E) of major organs (heart. lung, small intestine, liver. spleen, kidney, lymph 

nodes). 

Secondary experlmental endpoints 

We will assess clotting factors (i.e. AT, APTT, fibrinogen). thrombomodulin (TM)-protein C system, acute 

phase proteins, fibrin deposition/clots (i.e. PTAH), complement activation (i.e. C5a) and hemostasis 

molecular assays (i.e. soluble fibrin, D~dimer, TA complex, F1 +2. anti-thrombin, angiotcmsin:converting 

enzyme. clot formation). 

Number of animals for Expetlment 1: 12 animals x 4 radiation doses (expected LD20 to LOSO)+ 3 

animals (for pilot coagulation evaluation studies and GI function studies) = 51 

V.1.2. Experiment 2. To establish the relationship between radiaUon-induced 

intestinal bleeding and function of the GI tract, and to evaluate biomarkers of GI 

structure and function 

Minipigs will be exposed to irradiation geometries that will spare approximately 40-50% (head, forelimbs 

and thorax shielded) of bone marrow. using a LINAC at 0.5-0. 6 Gy/min, and GI structure and function wil l 
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be followed by scheduled necropsy points out for 30 days. Necropsy will occur at day 6 (n=3 

animals/dose), day 9 (n=3 animals/dose), day 15 (n=3 animals/dose), and day 30 (n=3 animals/dose). 

Animals will be exposed to either one of two doses, a lower one, between 8-12 Gy, or a higher one, 

between 13-16 Gy. Final doses will be established based on BARDA data from other minipig-funded 

studies; a memo will be submitted with the final radiation doses. In addition, we will use 3 sham-irradiated 

animals to optimize the procedures for the Gl function assays (measuring metabolic mucosa function, 

protein digestibility and absorption of sugars) and to collect data from normal, un-irradiated animals, to 

compare to those obtained from irradiated animals 

Metabolic mucosa function. protein digestibility, amino acid absorption test and xylose absorption test will 

be measured using tracers according to Engelen et al. (2013). Tracer is a substance (not naturally found 

in the system) added to the system to trace out a metabolic pathway (i.e. L-[ureido-13C-4,4,5,5-2 H5]

citrulline); the tracee is the native substrate being traced (citrulline). 

Tracers for metabolic mucosa function, protein digestibility, amino acid absorption test and xylose 

absorption test will be administered as described in section V.4.4.7. Other Procedures-Administration of 

tracers and samples will be collected according to section V.4.4.2. Biosamples. Metabolic mucosa 

function and protein digestibility will be measured using a modified protocol with NON-radioactive stable 

isotopes of tracer amounts of the following macro-nutrients: L-[ureido-13C-4,4,5,5-2H5]-citrulline,15N

labeled spirulina protein and L-[1-13CJ-Phenylalanine. Amino Acid absorption will be measured with 

tracer amounts of the NON-radioactive stable isotopes of the following inert amino acids: L-(13C6J-allo

isoleucine AND L-[010-15N] - allo-isoleucine. Sugar absorption will be done using the standard D-xylose 

test. 

Epithelial intestinal cell proliferation index will be measured using in vivo labeling with BrdU. BrdU will be 

administered according to section V.4.4.7 Other Procedures, and samples will be collected according to 

section V.4.4.2. Biosamples. 

Timeline for the collection of CBC, plasma, and tissues for the GI function assays described above will be 

done according to Table 1. 
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Blood samples volurne Ai lhe time of blood collection. animals will be restrained. according to Seclion 

V.4.2. Pr·olonged Restraint on the days When intestinal function is tested (labelled as B in Table 1), we 

will exceed the 1 % daily ( 1 % of 65 ml/kg) allowed total blood volume (Diehl et al. 2001). On IMse days, 

there will be 14 blood collections, for a total of approximately 25 ml o1 blood (14 time points x 1. 7 ml + 0.5 

ml for CBC). The 1.7 ml include i n~ial 0.7 ml of fluid (blood mixed with saline or heparin used to lock the 

catheter) to be discarded. With the exception of experimental groups Sham and cohort 1, we will not 

exceed the 7% allowed in a one-week periOd. With regards to experimental groups Sham aM oonort 1 

we may exceed the 7% allowed in a one-week period (depending on the weight of the animal). For Sham 

and cohort 1 groups we will be collecting multiple blood samples on 3 different instances within 1-week 

time period. However, the animals will be euthanized within 1-4 davs after the last b!ood collection. 

Blood sample time points Blood samples for measuring citrulline will be taken before the single dose of 

citrulline, in a post absorptive state (16-18 hours overnight fasting) , and again at 2, 5, i 0, 20, 30, 60, 90,. 

120 min after administration of the single dose of dtrulllne (Figure 2). Time 0 (T =Omin) staris at 

administration of citrulline. 
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Figure 2: schematic of reagents administration and sample collection. Green: baseline sample before treatment. Blue: 
administration and plasma samples for citrulline kinetics. Red: D·xylose, spirulina, phenylalanine and allo·isoleucine 
administration and plasma samples for D-xylose, spirulina, phenylalanine and isoleucinc klnclics. Black arrows 
bracket the entire duration of the experimental procedure, approximately 7 hours. 

For the nutritional supplement with tracers , time zero is the time of oral administration of standard meal 

containing the tracers (15N-labeled spirulina. L-[1-13C]-phenylalanine . L-[13C6]-allo-isoleucine and D

xylose). and the simultaneous single dose administration of L- (D10-15N]- allo-isoleucine through the 

infusion set. This time corresponds to tne 120th minute (T = 120min) after administration of citrulline. 

Afterwards, blood sampling will continue on hourly basis, over the course of four hours. The first collection 

of these series will be 2 m inutes after tracer's administration (five blood samples total per animal) {Figure 

2). Blood samples (1 ml aliquots) will be put in Lithium-heparinized tubes. immediately placed on ice, 

processed to obtain plasma, divided in aliquots, and immediately frozen at -80 °C until fur1her analysis. 

At the time of scheduled euthanasia (day 6, 9, 15 and 30), animals will bo infused with BrdU (see section 

V.4.4.7 Other Procedures),approximately one hour prior to humane euthanasia. Parts of GI tract 

Qejunum, duodenum, and ileum) will be fixed and analyzed for proliferative markers. Table 1 reports the 

timetine for sample collection and type of assay. Sham irradiation will be done before irradiation with 

Cobalt, in order to pertect techniques and assays prior to deal ing wi th irradiated animals. For each of the 

two radiation doses, we will irradiate 12 animals during the same day. No more than 12 animals will be 

irradiated in one day. For each radiation dose. four cohorts, consisting of three animals each, will be 

followed over time; each cohort wi ll be euthanized at either day 6 or 9 or 15 or 30. 

Primary experimental endpoints. The primary experimental endpoints of the study will be structure and 

function of the GI, as measured by histological slides, percentage protein digestibility (Engelen et al. 

2013), production rate of citrulline (Engelen et al. 2013), plasma concentration of D-xylose, and 30-day 

survival. 

13 of 49 



Secondary experimental endpoints. Repair of Gt will be determined by BrdU labeling, as well as Ki67 and 

TUNEL assay. 

Number of an imals for Experiment 2: 3 animals x 4 time points x 2 doses TBD (8-12 Gy, and 13-16 Gy} 

+ 3 control animals = 27 

V.1.3. Experiment 3. To establish a radiation dose dependent injury profile for Gl

ARS in animals irradiated under PBI using LINAC. 

We will irradiate fifty-six animals under 40-50% bone marrow sparing, as described in Experiment 2 

(head, forelimbs and thorax shielded). Animals irradiated at GI doses (5 12 Gy) show extensive 

hemorrhages and necrosis of the GI tract. in addi1ion to villar blunting/fusion and loss of crypts, which 

may contribute to impaired absorption of nutrients. We will use histological measures as well as 

melabolomics technology to assess e)(pression of biomarkers in the plasma of animals irradiated at GI 

doses, and to gain insights into the molecular pathways possibly involved in loss ot GI function. Final 

doses are to be determined in consultation wi1~(6)(4) la memo will be submitted with the final radiation 

doses. Survival will be monitored for 45 days alter exposure. Blood will be collected twice before 

irradiation, and, with day a the day of irradiation . at days + 1, 3, 7, 1 o. 14, 17, 20, 23, 27, 30, 35, 40 and 

45. Time points of blood collection may be subjected to change by up to +I · 24 hours. Samples will not 

exceed the 7% total blood vo lume within one week time period (see V.4.4.2 Biosamples}. 

Primary experimental endpoints. The primary experimental endpoint of the study will be natural history 

of GI function over 45 days, metabolomics, and correlation with histological features. 

Secondary experimental endpoints. The secondary experimental endpoint will be blood cell counts, 

and general indicators of animal health. 

Number of animals for Experiment 3: 8 animals x 7 doses= 56 animals 

V.2. Data Analysis 

Experiment 1 and 2: the number of animal requested is the minimum necessary to allow for analysis of all 

proposed blomarkers and replication of results. This is a pilot study. therefore we cannot make any 

assumptions in terms of expected size ef1ects or difference in means. Differences in means between 

groups will be assessed using Student's T·test or ANOVA (or corresponding non-parametric tests). 

Strength and direction of association between variables will be estimated using the Pearson Product

Moment correlation coefficient or the Spearman coefficient or the Ke ndall rank correlation (experiments 1 · 

3). 

Experiment 3: Kaplan Meyer curves and a preliminary probit will be calculated using 8 doses and 7 

animals per dose. for the PBl·GI irradiation. Probit curves are usually cons1ructed using a minimum 5 

doses/6 animals per dose; 8 doses and 7 animals per dose will increase the power of analysis, and 

narrow the confK:lence intervals, increasing the overall predictive ability of the probit curve. 
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V.3. Laboratory Animals Required and Justification 

V.3.1. Non-animal Alternatives Considered The purpose of this project is to determine the 

effect of radiation on survival, Gl function and coagulation. There is no computer model or tissue culture 

that can mimic the effect of radiation on the whole organism and predict lethality. Survival and organ 

function depend on an intricate network of organ cross-talks and cellular microenvironment that cannot be 

recreated in vitro. We do not know all of the cell types and tissues involved in radiation injury or how 

radiation injury causes cell and tissue damage. The concept of multi-organ failure has been suggested, 

but how the injured organs affect each other's vita! functions is unknown. The present state of the art of 

tissue culture is still incapable of reproducing the in vivo relationships. Computer modeling is similarly 

limited by lack of full characterization of the biological elements and interactions under study. 

These considerations are consistent with the FDA requirement ("Animal Rule') for preclinical research in 

both small and large mammals before granting approval for drug testing in humans. 

V.3.2. Animal Model and Species Justification Large, long-lived, non-rodent animal models 

are required for drug studies submitted to the FDA for licensure applications. The close similarity to 

humans in anatomy and physiology of organs such as the liver, pancreas, kidney and heart has made the 

pig the primary species of interest as organ donors for xenographic procedures. Minipigs are routinely used 

for toxicity testing. As such, further and rapid characterization at physiological, molecular and genetic level 

of the mini pig is likely to occur, thus increasing acceptance of this model and facilitating advanced drug 

development. We have been developing the Gottingen minipig as an additional large animal model for the 

study of the AAS and advanced development of radiation countermeasures. The current study will help to 

further characterize the model in terms of natural history of GI- and H-ARS, and to understand the 

reasons behind organ dysfunction. Studies on the Sinclair minipig will increase the choice of animal 

model available to mimic the condition in humans, overall increasing the chances of obtaining a FDA 

approved drug for the mitigation and treatment of the ARS and eventually decreasing the number of 

animals required for research. Our previous studies on H-ARS and GI-AAS have utilized male Gottingen 

minipigs to develop probit curves. Since we are using our own historical data as terms of comparison, we 

will continue to use male minipigs for this study. 

V.3.3. Laboratory Animals Swine 

V.3.3.1. Genus I Species Sus scrota domestica 

V.3.3.2. Strain I Stock Gottingen miniature swine 

V.3.3.3. Source I Vendor Marshall BioResources/Marshall Farms Group Ltd, 5800 Lake Bluff Road, 

North Rose NY 14516. 

V .3.3.4. Age 4-6 months 
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V.3.3.5. Weight 7-13 kg 

V.3.3.6. Sex Male 

V.3.3.7. Special Considerations NA 

V.3.4. Number of Animals Required (by species) 

Exp 1: 51 

Exp 2: 27 

Exp 3: 56 

Total: 134 

V.3.5. Refinement, Reduction, Replacement (3 R's) 

V.3.5.1. Refinement 
The study data-points currently mandated by the FDA for approval of radiation countermeasures under 

the Animal Efficacy Rule is mortality. Hence the primary study data-point in our development of Gottingen 

minipigs as a model for AAS is survival. Moribundity will be used as a surrogate tor mortality, and 

euthanasia will be used in order to minimize pain and distress, using an extensive set of criteria (see 

animal endpoints, paragraph V.4.5 - Lethargy, weight loss, temperature, respiratory distress, food intake, 

bleeding etc.). Animal care and use procedures will only be performed by trained personnel. We have 

considerable experience in the care and handling of minipigs. Extensive human interaction every 

weekday will reduce stress in the animals. Use of slings, supportive care, topical anesthetics, and 

injectable or inhalation anesthetics will minimize distress during blood collections and irradiation. For 

instance, topical lidocaine will be used for blood collection from VAPs and isoflurane anesthesia will be 

used for blood collection from peripheral veins. Animals are acclimated to the sling during the incoming 

physicals at which time we use positive reinforcement by offering them treats at the end of the physical 

exam. VAP design and the blood collection have been refined during multiple iterations of previous 

studies to minimize discomfort to the animals. 

V.3.5.2. Reduction 

Blood samples obtained from minipigs before irradiation will serve as controls, thus reducing the number 

of animals required for this study. 

V.3.5.3. Replacement None 

V.4. Technical Methods 

V.4.1. Pain I Distress Assessment 
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V.4.1.1. AIPHIS Form 7023 Information 

V.4.1.1.1. Number of Animals 

V.4.1.1.1 .1. Column C __ (#of animals) 

V.4.1.1.1.2. Column D _6_ (#of animals) 

V.4.1.1.1.3. Column E _128_ (#of animals} 

V.4, 1.1.1.4. Pain Category Assignments 

Exp.# Experimental/Control Group c D E Totals 

1 To establish the dose dependent natural history of 3 48 51 

.animals exposed at H-ARS doses to unilateral 

sequential (Cobalt-60), and to follow the 

development of radiation"induced coagulopathies. 

2 To establish the relationship between radiation= 3 24 27 

induced intestinal bleeding and function of the GI 

tract, and to evaluate biomarkers of GI structure and 

function 

3 To establish a radiation dose dependent injury 58 56 

1
profile for GI-AAS in animals irradiated under PBI. 

Totals: 6 128 134 

V .4.1.2. Pain Relief I Prevention 

V .4.1.2.1. Anesthesia I Analgesia I Tran qui lization 

We are planning to use anesthesia/sedation at the time of blood sampling {if necessary), prior to 

irradiation, surgery (if applicable), and prior to euthanasia. Midazolam and Acepromazine may be used to 

sedate large and fractious animals prior to blood collection for the ease of handling and alleviating stress 

to the a1nimals as well as handlers. Anesthesia/sedation regimen for the animal procedures is outlined in 

Table 2. Drug dose, frequency, route, site of injection, and needle/catheter size are outlined in Table 3 in 
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section V.4.4.1. Injections. Atropine will be added for any procedure that requires intubation. Cetacaine 

topical spray may be used to facilitate intubation 

Table 2 

Anesthesia/sedation regimen• 

Blood sampling, 

emergency medical care 

Irradiation, Surgery, 

Euthanasia 

Midazolam or Acepromazine, with or without 

isoflurane 1-5% (face mask or endotracheal tube) 

OR 

Xylazine + Telazol or Telazol with or without isofluranel· 
ii 

5% (face mask or endotracheal tube) 

OR 

iii lsoflurane 1-5% (face mask or endotracheal tube) 

OR 

Telazol + dexmedtomidine or ketamine + xylazine with or 

iv without isoflurane 1-5% (face mask or endotracheal 

tube) 

v Telazol with or without 

viii 

isoflurane 1-5% (face mask or endotracheal tube), 

Atropine (when intubated) 

OR 

Telazol + dexmedtomidine or ketamine with or without 

isoflurane 1-5% (face mask or endotracheal tube), 

Atropine (when intubated) 

OR 

ix Xylazine + Tetazol with or without isoflurane 1-5% (face 

mask or endotracheal tube), Atropine (when intubated) 

"Agents will be selected and doses may be refined based on veterinarian's discretion. 

At the end of the irradiation procedure or surgery, once the animals are back in their cages, 

dexmedetomidine can be reversed by atipamezole i.m. (same volume as dexmedotmidine) to facilitate 

recovery. 

V.4.1.2.2. Pre- and Post-procedural Provisions 

Body weights and health check status 
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Body weights and standard animal health check status (hydration status, hair coat, skin quality, vitals) will 

be determined at least once prior to irradiation, and on days of blood collection. Data will be recorded on 

the Animals' Clinical Observation at B!ood Collection Form (cl (see Section Vtll Enclosures). Animals will 

be monitored daily for general indicators of animal health (activity, posture, stool, vomit, respiratory 

activity, respiratory rate, anorexia and temperature). Monitoring will occur at least once in the morning 

(am) and once the afternoon (pm) throughout the duration of the study. Monitoring in the critical period of 

sick animals will be performed with increased frequency, as described in V.5.2.1. Routine Veterinary 

Medical Care. Daily observations will be recorded on study specific form, Animals' Daily Observations 

Form (d) (see Section VIII Enclosures}. 

Supportive care 

We will administer prophylactic empirical antibiotic regimen to reduce the risk of infection to all animals in 

the protocol between day 3·30 post irradiation. For the animals to be used for pilot coagulation evaluation 

studies (Experiment 1 ), we will administer the supportive care prior to initiation of the experimental 

procedures. Supportive care will be provided in the form of antibiotics (Gentamicin and Amoxicillin}, 

antipyretic/anti-inflammatory (Carprofen), and gastrointestinal protectant (sucralfate) as per the dose and 

route outlined in the Table 3 in section V.4.4.1. Injections. Dietary supplementation and oral hydration will 

be offered in the form of moistened/liquid food, Metamucil, pumpkin mash, Pedialyte, and apple sauce. 

This supportive care was proven to improve survival in Gottingen minipigs irradiated with total body 

irradiation (Cobalt-60). 

Preventative supportive care will follow a population based regimen, which will provide care to all animals 

on a fixed schedule, regardless of blood counts and body temperature values, starting 3 days after 

irradiation, and continuing through day-30. Emergency care on an individual basis may be added per 

veterinarian requirement 

V.4.1.2.3. Paralytics NA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures 

V.4.1.3.1. Sources Searched Altweb, AGRICOLA and Pubmed 

V .4.1.3.2. Date of Search 121212015 

V.4.1.3.3. Period of Search 2000 - 2015 
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V.4.1.3.4. Key Words of Search swine, total body irradiation, partial body irradiation, AAS, 

sequelae, pain, distress, death as an endpoint, alternatives 

V.4.1.3.5. Results of Search 

Alternatives to toxicity testing in five animals have been proposed in the form of cell and tissue culture, 

which are not feasible for the purpose of this study where the cross-talk among organs and strain 

sensitivity is being investigated in relationship to survival after acute irradiation. Additionally, 

bioinformatics or in silica approaches applied to life science might be created ad hoc to validate studies; 

however these approaches cannot be adopted to model the complexity of multi-organ failure in a large 

animal, because the mechanisms of radiation injury are still for the most part unknown. Alternatives to 

irradiation to study the AAS (total body or partial body) do not exist. We will however provide anesthetics 

and analgesics for pain management at the time of VAP and catheter implantation (See VAP or 

externalized catheter placement under section V.4.3.2. Procedure (s)), as well as during the days that 

follow surgery, to alleviate the pain produced by the procedures. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification 

Irradiation itself is not a painful procedure. Pain and distress are associated with the immune 

suppression, GI injury and bone marrow suppression post TBI. At equivalent TBI doses, pain and distress 

after PBI are expected to be less intense, because of the residual, spared, bone marrow which is still 

capable of producing blood cells. These animals may not have acute effects of irradiation (bleeding, 

infection etc.). Depending upon the irradiation dose, irradiated animals die due to compromised immune 

responses and opportunistic infections. The percentage of surviving animals is the indicator of the 

efficacy of a countermeasure. We cannot give systemic anesthetic agents to animals after the irradiation 

procedures, since they are known to interact with the immune system (see references in Jacobsen, K. 

0., V. Villa, V. L. Miner, and M. H. Whitna!I. 2004. Effects of anesthesia and vehicle injection on 

circulating blood elements in C3H/HeN male mice. Contemp Top Lab Anim Sci 43:8-12.), and would 

confound the correlation of radiation dose with incidence of moribundity, resulting in a waste of animals. 

However, we are providing supportive care in terms of analgesics, antibiotics, and oral fluids/ nutritional 

support. Use of supportive care is expected to mitigate the pain associated to the sequelae of irradiation. 

V.4.2. Prolonged Restraint 

Only short periods of restraint in the sling {<30 minutes) will be necessary for irradiation (in Cobalt facility) 

procedure, physical examination and blood collections. To minimize discomfort, we have designed a new 

type of sling that uses softer, elastic material to support the animal, and utilizes a more efficient restraint 

design that maintains the animal in place while reducing manipulation by technicians and consequently 

stress to the animals. During the acclimation period, slings are used for physical examination. At the time 

of physical examination, animals are acclimated to the sling for 5-10 minutes. Acclimation to the sling is 
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very rapid and non-stressful; animals are petted and gently spoken to while restrained. It has been our 

experience that resting on the sling does not agitate the animal at all. 

Animals are anesthetized/sedated and transported to the Cobalt Facility or LJNAC holding area prior to 

irradiation {<20 minutes). Animals will be kept under continuous observation while anesthetized. 

For Experiment 2, animals may be restrained for a maximum of 6 hours in cages with limited space 

(based upon the experimental design), that allow the minipig to sit or stand, but not turn around, or in the 

sling. The choice between cage or sling (or a combination of both) will depend upon animal's individual 

preference, based on vocalization and motion. Animals will be at first placed on the sling, for the samples 

to be taken in the first 1-2 hours. During restraint, animals will be under continuous monitoring. 

V.4.3. Surgery 

V.4.3.1. Pre-surgical Provisions 
Animals will be fasted overnight (approximately 16 -18 h) prior to VAP implantation surgery. For 

antibiotic, one dose of Cefazolin sodium or ampicillin sodium will be given just prior to the surgery, or 

intra-operatively, for prophylaxis. A single dose of Pre- or intra-operative buprenorphine or Carprofen will 

be provided for analgesia. Drug doses, frequency, route of administration, site of injection, and 

needle/catheter size are outlined in Table 3 in section V .4.4.1. Injections. Cetacaine topical spray wilt be 

used to facilitate intubation. 

V.4.3.2. Procedure(s) 

YAP implantation. VAP catheters {So!oPort subcutaneous access port, either PMID or MID model; 

lnstech Solomon, PA) will be surgically implanted in the right external jugular veins under general 

anesthesia according to the principles of aseptic surgery. Animals will be lying either in dorsal or lateral 

recumbency; vital signs such as heart rate, respiration rate, and blood pressure will be taken at every 5 

min, whereas, temperature and percent oxygen saturation will be measured at every 15 min by vet techs. 

The catheter tip will be introduced through a 2-3 mm incision in the right jugular vein and advanced to the 

junction of the external jugular vein and vena cava. Prior to insertion, the VAP catheter will be flushed 

with locking solution (heparin lock flush solution, 100 IU/ml}. Prior to securing the VAP catheter within the 

vein, 1 preplaced 2-0 or 3-0 Vicryl (po!yglactin 910) suture (Eth icon, Somerville, NJ) will be used to ligate 

the vessel just cranial to the insertion point of the catheter tip. A second and third vicryl ligature will be 

placed around the caudal portion of the vessel containing the VAP catheter and retention beads, with 1 

ligature on either side of one of the beads. The port will be secured within the scapular or mid-dorsal 

incision site to the underlying musculature by use of 2-0 or 3-0 poldioxanone (PDS) (Ethicon, Somerville, 

NJ} or 2-0 or 3-0 Monocryl (poliglecaprone 25) at a minimum of 2 of the 5 anchor holes on the port. 

Catheter function will be confirmed intraoperatively through aspiration of heparinized saline and 

withdrawal of a blood sample via the septum. If 1he aspiration of a blood sample is not successful, or 

there are air bubbles indicating incomplete seal, another ligature around one of the beads will be added 

and catheter function will be re-checked. The port reservoir and catheter will be flushed again with saline 
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and locked with a heparin lock flush solution (100 lU/m!). All subsequent lock solutions will be heparin 

(100 IU/ml). 

During closure of the surgical sites, special attention will be given to eliminating dead space around the 

port and around the catheter loop on the neck. The muscle and subcutaneous layers will be closed with 

2-0 or 3-0 PDS II (polydioxanone suture; Ethicon) or 2-0 or 3-0 Monocryl (poliglecaprone 25) using a 

simple continuous pattern. Skin incisions will be closed with 2-0 PDS 11 (Ethicon) or 2-0 or 3-0 Monocryl 

(poliglecaprone 25) in a continuous intradermal pattern. Tissue glue (VetBond, 3M, St Paul, MN) may be 

used to help seal surgical sites as necessary to help prevent contamination. 

Externalized catheter implantation. An externalized catheter (7 Fr, Polyurethane single or triple lumen 

catheter, approx. 60-70 cm) may be used in place of the VAP in the external jugular vein as described 

above in the VAP catheter placement. However, in this case, the catheter will be tunneled to an exit site 

on the dorsum of the animal without a VAP. A coil of the catheter will be left underneath the skin and a 

subcutaneous purse-string suture will be placed around the catheter to secure it at the exit site. Skin will 

be closed using 2-0 PDS or 2-0 or 3-0 Monocry! (poliglecaprone 25). 

V.4.3.3. Post-surgical Provisions 

VAP surgery or externalized catheter surgery. Animals will continue to be monitored until fully 

recovered from anesthesia; they will be returned to their home cage when ambulatory. Supplemental heat 

may be provided in the home cage post-operatively (e.g. Bair Hugger warm air blanket, heating 

pads).Additional post-operative analgesia will be given with oral Carprofen for three days starting the day 

after surgery, or using sustained release buprenorphine as recommended by an AFRRI veterinarian in 

consultation with the Pl. Trimethoprim-sulfa will be given for 5 days or more as determined by veterinarian 

to lessen the risk of post-op infection. Alternatively, enrofloxacin can be given every 24 hrs for 3-5 days or 

more if needed as determined by the veterinarian. Excede (Ceftiofur) may be used as an antibiotic as 

determined by the veterinarian. The advantage of this antibiotic is that the single injection provides 

protection against the bacterial infection for seven days. Drug doses, frequency, route of administration, 

site of injection, and needle/catheter size are outlined in Table 3 in section V.4.4.1. Injections. 

Postsurgical recovery and pain will be monitored twice daily by visual examination of the incisions and 

overall conditions of the animals. Parameters monitored will be food intake, activity, alertness, 

vocalization, guarding, and response to human contact. Topical antibiotic ointment may be applied at the 

surgical site. Animals will be allowed to fully recover from the surgery before irradiation is done. The 

recovery period may last for 2-4 weeks. 

V.4.3.4. Location 

VSD surgical suite 
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V.4.3.5. Surgeon 

Surgeons will be AFRRl/HJF veterinarians. 

V.4.3.6. Multiple Major Survival Operative Procedures NA 

V.4.3.6.1. Procedures NA 

V.4.3.6.2 Scientific Justification NA 

V.4.4. Animal Manipulations 

V.4.4.1. Injections 

All injections will be administered as outlined in the Table 3 below -

Table 3 

List of drugs to be administered, dose, frequency, route, site of injection and recommended 

needle/catheter size 
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V.4.4.1.1. Pharmaceutical Grade Drugs 

Lidocaine (5%), topical 

Telazol® 

Xylazine 

Ketamine 

Atropine sulfate 

Cefazolin sodium 

Ampicillin sodium 

Heparin lock, IV 

Saline 

Buprenorphine 

Carprofen 

Metamucil 

Enroflaxacin 

Amoxicillin 

Gentamicin 

Midazolam 

Acepromazine 

Cetacaine topical spray 

Atipamezo!e (Antisedan, Pfizer) 

Dexmedetomidine (Dexdomitor, Pfizer) 

Excede (Ceftiofur) 

lsoflurane 

Euthasol (sodium pentobarbital) 

All the drugs listed above are ordered from veterinary product distributors by VSD or USU HS pharmacy, 

and they all are pharmaceutical grade drugs. 

V.4.4.1.2. Non-Pharmaceutical Grade Drugs 

BrdU (Sigma Aldrich) 

L-[ureido-13C-4.4,5.5-2H5]-citru!line (Cambridge Isotopic Laboratories, Andover, MA) 

15N-labeled spirulina protein (Cambridge Isotopic Laboratories, Andover, MA) 

L-[1-13C]-Phenylalanine (Cambridge Isotopic Laboratories, Andover, MA) 

L-[13C6]-allo-isoleucine (Cambridge Isotopic Laboratories. Andover. MA) 

L-(010-15N] - allo-isoleucine (Cambridge Isotopic Laboratories, Andover, MA) 

D-xylose (Sigma Aldrich) 

V.4.4.2. Biosamples We will collect blood samples throughout the duration of the study, as well as 

tissue samples at necropsy, for use in our laboratory and for sharing with collaborators. Time points of 
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blood collection are subjected to change by up to+/- 24 hours. Blood will be used for CBC counts and 

isolation of plasma/serum for laboratory assays. Tissues will be used for histology as well as molecular 

laboratory techniques as applicable (i.e. Western blot, PCR, ELISA, etc.). Tissue samples, to include 

organs ((heart, lung, small intestine, liver, spleen, kidney, lymph nodes), blood and hair may be taken at 

the time of euthanasia for tissue blocks and for frozen tissue repository. 

Mean blood volume for minipigs is 61-68 ml/kg. Up to 1 % of total blood will be drawn in a single day, and 

no more than 7% of total blood volume in a week (Diehl, 2001 ), unless as otherwise specified in 

Experiment 2. 

Collection of blood samples. We will obtain blood samples from externalized catheter (if applicable), or 

from VAPs (if applicable), or from peripheral veins namely cephalic, saphenous, auricular, epigastric, 

and/or femoral. Blood collection will be performed using same needle and catheter size as used for i.v. 

injections as indicated in Table 3 in section V.4.4.1. Injections. 

Blood draw from VAP. Lidocaine (5%) cream may be applied topically to the site of venipuncture to 

minimize discomfort to the animals about 15 minutes before starting the procedure; site will be cleaned 

with 70% alcohol and povidone iodine or Chlorhexidine as described below. 

The port will be accessed using a gripper portal access needle/Huber needle with or without infusion set. 

For Experiment 2, the needle {or infusion set) may be capped and left in place for up to 7 hours, to 

facilitate multiple blood draws separated by short time intervals and/or administration of multiple tracers. 

The needle will be maintained in place using clear skin patches (i.e. Tegaderm) or tape. Otherwise, a 

jacket/tether system may be used. 

Before placement of a non-coring needle, the port injection site will be scrubbed with povidone iodine or 

Chlorhexidine and alternating with 70% isopropyl alcohol until all gross debris is removed (3 to 5 scrubs 

each). To collect a single sample, approximately 1 ml fluid will be withdrawn from the catheter and port 

until blood no longer appears to be mixed with saline. This fluid will be discarded. The blood sample will 

be collected into a new syringe and placed in appropriate vials for analysis. Next, 3 ml heparin lock flush 

solution (100 IU/ml) will be infused into the port and catheter as a locking solution. 

When collecting multiple samples within the same day, the catheter will be flushed with 1 ml of saline 

solution and locked with 0.5 ml of heparin lock. At the time of blood collection, we will discard the first 0.7 

ml of fluid (blood mixed with heparin) prior to collecting the blood sample. 

A standard protocol will be followed for obtaining a sample from a problematic catheter. First, external 

pressure will be applied to the non-coring needle where it entered the port to ensure the tip of the needle 

is all the way through the septum and into the reservoir. Second, high-pressure turbulent flushing will be 

attempted with a change in the animal's position. This may result in the use of a higher volume of saline 
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flush (more than 5 ml). A second person will be needed to extend the neck of the animal by raising it or 

flexing it away from the side that contains the VAP (in case the VAP has been secured at the scapular 

incision}. Third, the non-coring needle will be replaced; at times the blood may be clotted inside the lumen 

of the needle. Fourth, if the described series of interventions fail to return the VAP to functioning, the 

sample will be collected from accessible peripheral vessels (cephalic, saphenous, auricular, and/or 

femoral) using one of the anesthesia regimens as described in section V.4.1.2.1. (With the exception of 

Experiment 3 (time point 120 min) where anesthesia cannot be used. 

Blood draw from externaffzed catheter. If an externalized catheter is implanted in the external jugular 

vein (section V.4.3.2) and used for blood collection, the catheter will be flushed with t-5 ml saline and the 

first 0.5 ml of blood will be discarded. Blood samples will be collected using a new syringe. After blood 

collection, catheter will be flushed again and locked with 1-3 ml of heparin lock (100 IU/ml). When 

collecting multiple samples within the same day, the catheter will be flushed with 1 ml of saline solution 

and locked with 0.5 ml of heparin lock. At the time of blood collection, we will discard the first 0.7 ml of 

fluid (blood mixed with heparin) prior to collecting the blood sample. 

Blood draw from peripheral veins. Alternatively, we will collect blood from peripheral veins such as 

auricular, femoral, cephalic, epigastric, and/or saphenous veins. An i.v. catheter may be placed in one of 

the peripheral veins. Animals may be sedated at the time of blood sampling according to section V.4.1.2.1 

Anesthesia/Analgesia/Tranquilization, if necessary. All procedures will be entered into the experimental 

record. At blood collection, site will be cleaned with 70% alcohol. 

Collection of samples will be performed with the minipig restrained in a sling or on a minipig in the cage; 

at the same time, we wiU take vitals. The entire procedure takes less than 30 min. After blood draw, 

animals will be returned to their cages and checked to ensure that the needle puncture wound is closed 

and the blood has clotted. 

V.4.4.3. Adjuvants NA 

V.4.4.4. Monoclonal Antibody (MAb) Production NA 

V.4.4.5. Animal Identification Tattoos or ear tags and cage cards/tags 

V.4.4.6. Behavioral Studies NA 

V.4.4.7. Other Procedures 

Temperature transponder. At the time of irradiation, VAP surgery, or catheter implantation, while the 

animal is anesthetized, a temperature microtransponder (Implantable Electronic ID Transponder IPPT-
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300, Bio Medic Data Systems, Seaford, DE), will be implanted subcutaneously behind the neck, over the 

shoulder to facilitate body temperature measurements. Alternatively, body temperature will be measured 

using a minimally-invasive ear probe or a rectal probe. 

Dosimetry. Animals will be sedated, and taken in covered transporting cages to the Cobalt or LINAC 

facility, where they will be placed on a sling or a table and body measurements will be taken. Additional 

sedation will be administered as appropriate. 

Administration of tracers (L-[ureido-13C-4,4,5,5-2H2]-cit, L-[D10-15N]- allo-isoleucine, 15N

Splrulina, L-(1 ·13C]-Phenylalanlne, L-(13C6]-allo-isoleucine, D-xylose) 

All test substances and solutions will be freshly prepared. For i.v. administration the solutions will be 

sterile (by 0.22 µm filtration/or autoclaving) and isotonic. All solutions must be at room temperature prior 

to dosing. Animals will be fasted overnight (16 -18 hours). The catheter will be flushed with 5 times the 

dead volume immediately after the injection of a tracer. This may result in the use of a higher volume of 

saline flush (more than 5 ml). The dead volume of the VAP includes port plus internal catheter, and will 

be measured at the time of VAP implantation. The dead volume of the catheter or the infusion set will be 

measured prior tracer administration/blood collection, by ejecting the liquid into an Eppendorf tube and 

measuring with a pipette. 

1) T =Omin: citrulline NON-radioactive stable isotope {L-[ureido-13C-4,4,5,5-2H2]-cit, Cambridge Isotopic 

Laboratories, Andover, MA) will be delivered intravenously through the VAP (using a gripper portal 

access needle/Huber needle) or peripheral veins or central venous catheter or a peripheral 

intravenous catheter@1.2B µmol/kg, in a volume of 0.7 ml/kg. The needle and catheter sizes, and 

site of injection are outlined in Table 3 in section V.4.4. 1. Injections. 

2) T = 120min (i. v. administration): L-[D10-1 SN]- allo-isole ucine NON-radioactive stable isotope 

(Cambridge Isotopic Laboratories, Andover, MA) will be delivered intravenously through the VAP 

(using a gripper portal access needle/Huber needle) or peripheral veins or central venous catheter 

or a peripheral intravenous catheter@ 3.86 µmol/kg in a volume of 0.7 ml/kg. The needle and 

catheter sizes and site of injection are outlined in Table 3 in section V .4.4.1. Injections. 

T =120min (oral administration): the following tracers will be administered orally in ENSURE: 15N

Spirulina, NON-radioactive stable isotope (Cambridge Isotopic Laboratories, Andover, MA) + L-[1-

13C]-Phenylalanine, NON-radioactive stable isotope, (Cambridge Isotopic Laboratories, Andover, 

MA) + L-[13C6]-allo-isoleucine, NON-radioactive stable isotope, (Cambridge Isotopic Laboratories, 

Andover, MA) (all isotopes at 3.86 µmol/kg in a volume of 0.7 ml/kg) + D-xylose. 

BrdU. BrdU is a synthetic analog of thymidine. BrdU is selectively incorporated into the newly 

synthesized DNA of replicating cells during the S phase of the cell cycle, and it is commonly used in the 
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detection of proliferating cells. Antibodies specific for BrdU can then be used in cells and in frozen or 

formalin·fo:ed paraffin embedded tissues to detect levels of BrdU and identifying actively replicating cells. 

BrdU has cytotoxic, teratogenic, and mutagenic properties; accidental exposure presents poten1ial health 

and safety hazards to laboratory staff, animal handlers and other personnel. Primary routes of 

occupational exposure to BrdU include aerosol exposure, ingestion. accidental injection, and tissue 

absorpt:on. Biosamples and anything that has been in contact with BrdU injected animals is considered 

hazardous to humans for 72 hOurs from the time of injection. A standard operating procedure tor working 

with BrdU in minipigs at AFARI has been developed and is attached as part of this amendment (see 

Appendix 1), together with the approved Safety Form 310. 

VSD staff will be notified of the intention of usinQ Brdl.J two weeks prior to the beginning of the experiment 

(see section V.5.1.Husbandry Consideration}. Rooms will be posted and the SOP will be made available 

outside the animal room. At all time when handling animals injected with BrdU, personnel will have to 

wear proper PPE (see BrdU SOP in Appendix 1 and section V.5.1. Husbandry Considerations). 

BrdU will be Injected in sedated animals, according to the procedure attached in Appendix 1. This 

protoco1I has been optimized for the Gottingen minipig underf b)(6) I Briefly, 

animals will be anesthetized (as described in V.4.1.2.1 . Anesthesia I Analgesia I Tranquilizattion) and 

restrained on the sling. BrdU (150mgll<g) will be Infused th rough the VAP (using a gripper portal access 

needle/Huber needle) or externalized central venous catheter or intravenous catheter. See Table 3 for 

needle and catheter size. Possible veins to be accessed will be peripheral veins (cephalic, auricular, 

saphenous, epigastric, and femoral}, vena eava, or external jugular vein. 

Cemral venous cut down may be performed in case percutaneous access 1s not possible. The site will be 

aseptically prepared and a 1-2 cm incision will be rnade under sterile conditions. Manual pressure will be 

applied on the vein for hemostasis after injection is made. Incision will be closed using either absorbable 

suture material (2·0 or 3-0 PDS) or staples. Buprenorphine (dose, route, site of injection, and lieedle size 

specified in Table 3 in section V.4.4.1. Injections) may be given as needed for pain management. BrdU 

will be injected at 1he rate of up to 5 ml/kg body weight through the cut-down vein . Needle size is 

specified in Table 3 in section V.4.4. 1. Injections. 

V.4.4.8. Tissue Sharing Bio-samples (as described in section V.4.4.2. Blosamples) will be 

collected. to be used for CBC counts. plasma/serum isolation. histo·chernistry/protein/molecular assays 

among others, and to be shared with collaborators upon request and as exP6riments permit. 

V.4.4.9. Animal By-Products NA 

V.4.5. Study Endpoints Moribundity will be used as a surrogate for mortality, and euthanasia will be 

used in order to minimize pain and distress. The determination of the moribundity must be made in 

consultation with a veterinarian. 
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Euthanasia will !be carried out either alter eompletion of the observation period (30 day for experiment 2, 

or 120 day for experiment 3), or when the animal(s) shows at least one of the absolute criteria for 

moribundity, or a cotnbination of lour criieria for non-absolute moribundity. Absolute criteria will be lack of 

responsiveness (lying down, no effort to get up when people enter the cage, no ability to stand without 

support), continuous prolonged dyspnea (>30 minutes). body weight loss (loss oi grea!er than 20% of 

expected weight). hypothermia (<36GC) and anorexia (skip 3 consecutive meals. even if ealing 

enrichment), NOn-absolute criteria will be hypetthermia (>40°C), anemia/pallor, petechiae/ecchymosis, 

vomiting/diarrhea. lethargy, seizures or vestibular signs, and prolonged hemorrhage. Auainment of 4 non

absolute criteria will qualify tor immediate euthanasia. Euthanasia of the animal with less than 4 non

absolute criteria will be made upon consultation and/or discretion of a veterinarian. 

Ab~ulute 

1 Non responsive, assuming rhe animal has m:overe<l from :inesthe!>iu 

2 
Dyspnea (fast respiration rate, shallow breathing. laborcJ brea1hing1. continuous. 

proh>ngc(l :>JO minutes) 

3 Loss of20% of expected weight** 

4 Hypothermin (<36"C) (rectnl temperature) 

5 Comple1e anorexia (skip 3 consecutive meals - pig chow) 

Non-absolute 

1 Hyperthermia (>40°CI (rectal ti:mperaturel 

2 Ancmiu/p:illor. CRT:> 2 second~. 

3 V<lJnili ngldial'l'hca 

4 Lcthurgy 

5 Seizures or vestihular signs I falling, cir:c ling or hi:acl tilt. pacldling I 

6 r>:irt ial anorexi:1 

Prolonged hemorrhage (hemorrhage= any sign of internal or external hi ceding, including 

presence nf pctcchinc/ecchymosis, hlceding from snout, eye, mouth, anus; presence of 

7 hl<lod in the cage; presence of blood in the ~Looi. Hcmmrhaging can be also determined by 

drop in HCT 'Xi). 

• A11ainmen1 ol 4 non-nb111lu1e cn~ris wall qualify f()r immedisk ecthanatj3 

0 Btt><.'ll on Mal'lhall tlio-r~uun·~,,. groWlh clla11 -wd ghl \'CNJ~ ag~ I 
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Animals will be euthanized acrording to current American Veterinary Medical Association (AVMA) 

guidelines. 

V.4.6. Euthanasia Animals will be euthanized according to current American Veterinary Medical 

Association {AVMA) guidelines. Animals will be anesthetized with Telazol® or kefamine/xylazine or 1-5% 

isoflurane via mask (with 1-3 Umin 02 ilow rate) or any one of the combinations described in section 

V.4.1 .2.1. Animals will then be eutnanized with Euthasol® (sodiutn pentobarbital) or another commercial 

euthanasia solution. Animals will be deeply anesthetized with 1-5% isoflurane (via face mask) in addition 

to the injectable anesthesia during intra-cardiac injection of Euthasol. Drug doses, site of injection, route 

of administration, and needle/catheter size are specified in Table 3 in section V.4.4.1. Injections. In the 

rare event that a moribund animal is not responsive and necessitating of immediate euthanasia, ~uthasol 

may be injected Intravenous or intracardiac under 1,53 isoflu rane without prior injectable anesthesia. 

Death will be confirmed by AFRRI veterinarian or veterinary technician via auscultation of the heart, wi!h 

cessation of sounds for at least 2 minutes or longer as per current SOP. See i1em V.4.5 for euihanasia 

crlteria before dhe end of the study. 

V.5. Veterinary Care 

V.5.1. Husbandry Considerations Minipigs will be housed in stainless steel cages/runs. in tacti le. 

visual and olfactory contact with adjacent animals. During quarantine/acclimation period, up to day of 

surgery, mlnipigs may be group-housed. After surgery, they will be singly housed 10 prevent damage to 

the VAPs and lo allow individual assessment of feed consumption and fecal/urine/blood production. 

Rooms will be maintained on a 12:12 h light (0600 to 1800) dark cycle with the temperature set to 27 to 

29°C and 30% to 70% relati"Ve humidity. Commercial diet (Mini-Swine Diet 8753, Harlan Teklad Diets, 

Madison, WI) will be provided. Water will be provided ad libitum. 

Handling and housing of animals administered with BrdUI. Generally. special ca(e has to be taken 

when handling animals and animal excreta for the 72 hours subsequent to BrdU administration. Cages 

must be lined with plastic sheets. arid sheets must be covered with low-dust anifhal bedding. No change 
in bedding and no cage hosing is done for the 72 hours following BrdU administration. Drains are 

temporarily sealed during those 72 hours. After 72 hours. the bedding and the underlining plastic liners 

are collected in hazard waste bags, and picked up as hazardous waste by USUHS waste pick-up. as per 

SOP. Cages are rinsed and sent through eage wash. We plan to maintain the animals in the necropsy 

rooml(b)(6) latter administration of BrdU, until euthanasia (approximately 1 hour after BrdU 

administration). If, in case of emergency, animals need to be returned to their home cages. housi119 will 

be per4ormed according to instructions above. 
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V.5.1.1. Study Room 
Minipigs will be located at AFRRI for the duration of the study. They will either be in a VSD surgical suite 

for VAP implantation, in transit to and from the cobalt /LINAC facility in a covered transport cage. in slings 

for irradiation in the cobalt/LINAC facility, or in their housing cage or a VSD prep room for blood 

collections or euthanasia. ihey will be housed in stainless-steel cages in an environmentally controlled 

and continuously moniiored animal room as descfibed in Sect ion V.5.1. For BrdU injections, animals will 

be injected in vsol(b)<6) I next to an eye wash station tor protection of 

personnel. 

V.5.1.2. Special Husbandry Provisions Tap water will be provided ad libltum. Diet will be 

controlled in accordance with vendor's recommendations so as to prevent eKcessive weight gain. 

Pumpkin mash wi ll be provided starting at day 3 after irradiation to all animals. Liquid food (i.e. ProMiod 

Liquid Protein) and/or moistened pellet will be offered if observed that the sick animal prefers it to dry 

food. No treats in the form of marsnmallow, peanut butter. crackers will be offered to this animal, since 

they are ,on a calorie-restricted diet. Instead, fresh fruits, vegetables, and/or yogurt will be offered daily 

(excluding weekends and holidays). 

V .5.1 .3. Exceptions NA 

V.5.2. Veterinary Medical Care 

V.5.2.1. Routine Veterinary Medical Care Animals will be acclimated for at least 1 week prior to 

any procedure. Each animal will be observed at least twice dally tor evidence of pain or distress, stool 

consistency, left-over food, demeanor and overall animal appearance. Body weights will be determined at 

leas~ once prior to irradiation and on days of blood collection. 

Animals will be qualitatively assessed at least twice daily (a.m. and p.m.) for general behavioral status 

and rood consumption by VSD techs and/or research techs. Daily observations will be annotated on the 

Animals' Daily Observation f'orm (d). The heart rate will be measured at the time of each blood collection. 

If animals look dehydrated. supplemental oral fluids (Pedialyte. etc.) will be provided. Diarrhea has not 

been observed in minipigs irradiated at doses <8 Gy. Appropriate standard operati ng procedures will be 

followed by staff veterinarians in the event of pain or distress. 

The c~1tlcal period (per'od of time when animals shaw signs of AAS and eKperience increased morbidity 

and mortality) is defined as day 14·30 post-irradiation for animals irradiated at H-ARS. and day 5-1 o post

irradiation for animals irradiated at Gl·ARS doses (bilateral, total body irradiation). The window of ihe 

critical period may change for partially irradiated animals and for animals irradiated with unilateral 

sequen1ial geometry. 
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Monltoning of sick animals will be performed with increased frequency during this 1ime to include: an early 

morning .check (before 9 a.m.), a mid-morning check (between 9 a.m. and noon), an afternoon check 

(between 1 p.m. and 3 p.m.), and a late afternoon check (between 4 p.m. and 6 p.m.). 

If animal conditions ate deteriorating rapidly during the day, an additional evening check (after 8 p.m.) will 

be done, followed by an early morning check at <10 hdurs apart. Rapidly deteriorating conditions are 

defined as follows: activity score of 2, > 1°C change of body temperature per hout, respiratory activity of 1 

with con1inuot1s dyspnea for more than i () consecutive minutes, complete anorexia for more 1han 12 

hours, single instance of vomiting/diarrhea, single instance of seizure or vestibular signs, mild 

hemor1rhaging for longer than 6 nours. 

Scoring Cri~eria 

i. 
Activity score: 0- Normal bright alert and responsive (BAR). 1-Periods of inactivity. quiet, aler! and 

responsive (OAR), 2~Laying down, gets up with stimulus. 3- Non-responsive 

Pos~ure/Movement Score: o-Norm al gait and posture, 1- hunched appearance or slower 

ii . movement. 2-sternal recumbency without dog sitting posture, 3-lateral recumbency. 4-dog-sitting 

posture, shoulders forward. 5·ataxla or uncoordinated movement 

iii. Stools: Y=1, N=O 

iv. 
Stool Consistency Score: 0 =Normal Formed Stool, 1Q Formed Hard Stool, 2°Loose stool, 

3- Diarrhea 

v. Vomit: Y=1. N=O 

Respiratory Activity Score; O· Normal Respiration , 1- Labored breathing, or intermittent cough 2-
vi. 

gasping. open mouth breathing, oJ persistent cough 

vii. Respiratory rate (RR): breaths per minute 

viii. Food (left in the cage): Y = 1, N=O, partial :.0.5 

i)(. Temp: <C 

V.5.2.2. Emergency Veterinary Medical Care Emergency velerinary medical care is available 

24/7. The on-call veterinary officer will be available via telephone 24 hours a day. The VSD on-call roster 

will be located outside the VSO conference room l{b)(S) Ion the bulletin board and at the security 

watch desk. Additionally. the on-call roster tor the research staff will be located ou1sidd,_<D_l<_5> ___ _. 

V-.5.3. Environmental Enrichment 

V.5.3.1. Enrichment Strategy 
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Physical and occupational enrichment will be done as per the VSD minipig enrichment SOP, except 

single housing afier catheter/VAP implantation if applicable. and irradiation. Dietary enrichment will be 

done as per section V.5.1.2. 

V.5.3.2. Enrichment Restrictions Minipigs will be single-housed after surgery (if ap!Jlicable) ahd 

afier inadiation 1until completion of the study, to avoid mechanical and infectious complications related to 

implanted catheters and irradiation, but they wlll be in visual, olfactory and auditory contact with other 

minipigs in the same room. Animals may be group-housed during quarantine. 

VI. STUDY PERS·ONNEL QUALIFICATIONS AND TRAINING 

YRS/MOS 

NAME DEGREE TRAINING CATE PROCEDURES EXPERIE"'CE 

b)(o) l, 3, 41, 5, i (drug LDJlDJ 

delivery) 

1,2,%,4, 5, 6 (VAP}, 

7 (in vivo BrdU 

labeling) 

l , 3, 4, s 

1,3,4,S 
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YRS/MOS 

NAME DEGREE Tiii.Ai Ni NG DATE PROCEDURES E>CPERl l! NCE 

(b)(6) (b)(6) 

1, 3, 4, s 

1,2,3,4·,7 

t .i . .:i,4 
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YRS/MOS 

NAME DEGREE TRAINING DATE PROCEDURES .~RIENCE 
= 
(0)(6) (b)(6) 

l ,2.3.4.5 

3b,4, minipig 

husbandry 

procedures 

Min ipig husbandry 

procedures 

VSO Back-up technicians 

(b)(fi) All veterinary (tl)(6) 

technical procedures 

All veterinary 

technical procedures 

All vererlnary 

technical procedures 

Procetlwre M rl mairupulatron codes: 

Code 1 = Animal haodl ing and euthanasia 

Code 2= Surgery (aseptic tecnnique} pre- and post-operative care 

Code 3= Injections 13a-ip. 3b·sc. 3c-gavage) ·can say 3 if trained in all manipulations or add 3d-iv 
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Code 4., Blood collection under anesthesia (4a-cardiac. 4o-posterior vena cava) 

Code 5= f issue collection (atter euthanasia} ~ doesn't need to be specific 

Code 6 " Implantation (provide details} 

Code 7 " Other$ - '(provide protocol specific manipulations or procedures !or e.g., retro-orMal bleeding, tail vein injection, or drug 

delivery) 

VII. BIOHAZARDS/SAFETY NA 

VIII. ENCLOSURES: Animals' Clinical Observation a1 Blobd Collection Form (c), Animals' 

Daily Observa1ions 630 Form (d) (see Section VIII Enclosures) and Protocol for in vivo labeling 

with BrdU. 

References 
Diehl KH, Hull R, Morton D, Pfister R, Rabemamplanina Y, Smith D, Vidal JM, van de Vorstenbosch C; 

European Federation of Phar1naceutical Industries Association and European Centre for the 

Validation of Alternative Methods. A good practice guide to the administration of substances and 

removal of blood, inciudlng routes and volumes. J Appl Toxicol, 2001 Jan -Feb:~1 ( 1 ) :15-~3. 

Engelen, M. P. K. J., Com, G., Anderson, P. J., & Deutz:, N. E. P. (2014). New Stable Isotope Method to 

Measure Protein Digestibiliiy and Response to Pancreaiic Enzyme Intake in Cystic Fibrosis< 

Clinical Nutrition {Edinburgh, Scotland). 33(6). 1024=1032. 

httpJidoi.orgii tl 1016ij.clnu.2013.11.004 
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X.ASSURANCES 

Protocol Title: A STRAIN COMPARISON STUDY ON SURVIVAL, VASCULAR 
DAMAGE, AND LONG TERM HEALTH EFFECTS IN IRRADIATED MINIPIGS (Sus 
scrota domestica) 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide assurances 
for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the manner described herein, unless a modification is specifically approved by the IACUC prior to its 
implementation. 

B. Duplication of Effort: I have made every effort to ensure that this protocol is not an unnecessary 
duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with a qualified individual who evaluated the 
experimental design with respect to the statistical analysis, and that the minimum number of animals 
needed for scientific validity will be used. 

D. Biohazard f Safety: I have taken into consideration and made the proper coordinations regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures f manipulations I 
observations described in this protocol are technically competent and have been properly trained to ensure 
that no unnecessary pain or distress will be caused to the animals as a result of the procedures f 
manipulations. 

F. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the research 
animals. Additionally, I pledge to conduct this study in the spirit of the fourth "R", namely, "Responsibility," 
which the DOD has embraced for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

G. Scientific Review: This proposed animal use protocol has received appropriate peer scientific 
review and is consistent with good scientific research practice. 

H. Painful Procedure(s): 1 AM f AM NOT conducting biomedical experiments, which may potentially 
cause more than momentary or slight pain or distress to animals. If applicable, potential pain and/or distress 
WILL I Will NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. 1 have 
considered alternatives to such procedures; however, I have determined that alternative procedures are 
not available to accomplish the objectives of this proposed experiment. 

Principal Investigator (Printed Name) Principal Investigator (Signature) (Date 
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Animals'' Cli111icall Observations at Blood Collection Forn1 (c) 

A l.lfltJl!Jll l'.DI Tim~ PQiOt 

R:telllil /W mid Bo.d.y Wel~ln (If&): Sn1lt" IO# j111u if11slDltr<': 

;rot•e (0) N'Oill'UL'lk < ] Se<' (l) Mik1 • 2 Ste (2) Modern.le: 2-3 ;.ec 0) severe "'3 set Ini tfals!Dftrl!·: 

ue-s C'olur (G) Pink f'l)P~ t(3}1 Cjl.100{!(' 111 i tin.lslD<1te: 

NomiaV Roou~t I.Qos~Hrur 111 iUal,s/l)(tr.e; 

(0) Nol!lml•pulk (I} IJ)i'Y (2)Red / 11iri11IJ/Dom: 

r 
(O}NiOlle (l}. ~~t¢dli<le {2) Bt1\is~i_p (3) He!!l!ltol!l;.\ [11iti111!1P111~: I 

(IJ) Nioimal (l} Disc Fl.af.g<' (!!..) (&.) (2} H:eJ1101:rllaig~ (L) (R) (3) Poq>hyrill (L) (R,) 111 ifials/DIUI': 
r 

L 
(0) Mo15t (I) Dry (2} Dl6:d:rarg~ (3) Ep1st:oos Trritia/,V{)af€J: 

' H<"aJ1'Rate. be.llS 11) ~«'Qll•h b~ts pO!r U'Ull = 
iy~teltll Rhythm: (O)R~ (I) Im!gu.lat 111 i tialrl[}(f f••: 

I Plll:ie-q,Mli:ly· o(Q}. Stro1~g: (l)W<"ak 

(QJ NQrm.11 (l)C r.t.c~ (2)Wheeze> (3) Stridor li1i tialslDatt>: 

l~alion (OJ Normal ( l) O!s:tended I11i fit1/S1Dou•: 

i(ll~ % lso·lhiroie Ai:-eop l01ll32ll1<' Medazofum 
In itltlls!D<tr,•: 

0 /Jltl"'tJlitms n!COrdl!d f>_r (inilia/,stdauJ: 

~"- 20.B-04-006 I S.tUJdJy Specific F•lm1 ~c) 



Observation form ( d) 

Date Animai.I JJ) ll1nmc P·oiut 

Temp "C; Redal/Wand Body Weighti ~kg); 11, '# I Stale ID I/ wii1ialsfD1ue: 

Skin Tent Time Score. tO) Nomial: < 2 sec (I) Mild: 2sec (2) Mocter;;ite.: 2-3 sec ~}) Severe; > 3 sec lw~tialsfDace: 

Mucous .Membranes Color (Ol Pink (~ 1 Pale (3) Cyanotiic l 1ii'lial1ilDare: 

Halr·coait Nrnrmall Rough Looses Hair ln.i:tialiiilJJaie:: 

S:kin qu~lify (0) No 111ria.vi~inl!:. (l) Dry (2) Rcdl l1Jitials/DaJe: 

Hemorrhages (Qi) Nouc ( t I Peiechiae W Bruising (3) Hematoma- 1'1iti als/Dtt w.· 

Eyes {0) No!llllUll m Discharge iLl (R I <21 Hemorrhage (L) (Rl (.3 ) Porphyrin (LHR) foiJtials/DaJ"': 

Nose (0) Moist (II) [)iy (2) Discharge (3) Epist:axus JuitiafrlDate:: 

Hean: Rate: beats in sec.oms = beats (£>er min 

Cardio,•ascular S)•stem Rhythm: (01 Regular ll) Irregular ln•flit1lsfl>a1e:: 

Puls.: quality: (0) S1rorog (l ) W.:ak 

Lung Sounds tO~ Normal I r l CraC'kk.s 12 J Wheezes. (3} Stridor J1,itia.lsfDa1te: 

Ahdominall Pa.lpi.tati.on (0~ Nonna! (~ } Distended lni.itiaJstDale: 

Anesthesla/SedatioH % f~mtlurane. Acepromazine Me.dlazolam 
l.1.iitialslDltte.; 

Obsen·ations recorded I>}' (i11irialsldate): 

NOTES (initial and! date each entry) 

AFR.RI Forrn ~I Ob. Updarnd April 201 S (replac.e' June 2.fll ~ I 
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Animal ID#: 

Studv ti.me Doint 

Obs. (i) 
time. Activit 

y 

Early am 

am I 
pm 

Late pm 
(after 
4pm) 
Night 
(after 

8pm) * 

Animal's lilaH Observation Form. d 

SEE SCORING CRJTERIA A.T THE FRONT COVER OF THE RECORD 

( ii) (iii) (iv) (v} 

Posture Stoo Stool Vomi 
Moveme l Cons is t 
nt t 

Radiation Do,se 
(G:y) : 

{vi) 

Respirator Brealh 
y Activ~ty s 

(vii) (viii) 

Sec Rpm Food 
~e.ft 

y N 

(ix) 

Temp Initial Date 

I 

The critical period is defined a.s day 14 -30 post-irradiation. Moni tor ing of s ick animals will be performed with i1ncreased frequency 
during this tin!le to inch:ide: an e.arly morning check (before 9 am), a midi-morning che.c.k (be.tween 9am and noon), <lnl anernoon 
check (between l pm and 3pm)i, and a lace afternoon cbe.ck (between 4prn aod 6pm). 
* Tf animal conditions are <leterioratmg rapidly during tbe day, an additional evening check (after 8pm) willJ be done, followed by an early 
rooming check at< lO hours apa1t. Rapidly deterio£ating conditions are deJined as: activity score of 2, >I "C c.hange of body tempe~alure 
per hour. uespiracory acriv1ty oJf 1 wi,rb corauinuous dlyspnca for more tham 10 consecl!Jfive minutes. complerc ano11exfa for more 1han 12 
hours, single instance of vomiting/diarrhea, single instance of seizure. or vestibular signs, mild hernorrhaging for fonger. than 6 hours). 

AFRRI Fo11n ~!Ob. Updarnd April ~01 S (repLtc.e. June Wl~J 
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Appendix 1 

PROTOCOL: in vivo labeling of 5-Bromo-2'
deoxyuridine (BrdU) 

GENERAL PROCEDURE 

1- Preparation and mixing of BrdU (final concentration 31 mg/ml in PBS} 

Preparation and mixing of BrdU will be performed ONLY in a fume hood. Any work 

with BrdU needs to be done over disposable absorbent bench top spill pads. Any 

laboratory equipment or surfaces that have come in contact with BrdU will be 

disposed of or decontaminated. This can be done by wiping them down with soap 

and water and paper towels. Keep a copy of BrdU safety form and MSDS close by. 

• Order 5-Bromo-2'-deoxyuridine from SIGMA (cat. No. 85002, 5 grams, 2=99% 

pure by HPLC); BrdU can be stored at -20"C as powder or in solution. 

• PPE: Disposable lab coat; two pairs of powder-free, disposable nitrile gloves. 

with the outer one covering the gown cuff whenever there is risk of exposure to 

hazardous chemicals; eyewear providing chemical splash protection; appropriate 

lab attire (full-length pants, closed toe shoes, etc.) 

• Notify the Open Labl._l6_R6_> __ __.lin advance (by email) tor the days we wilf be 

using the hood for mixing BrdU and that BrdU is a poten tial carcinogen. Reserve 

the hood on the day of use. 

• Prepare the fume hood by covering the surface with disposable absorbent bench 

top spill pads. Place inside the hood a stirrer/hot plate, one pipetman. 10 mL 

pipettes, paper towels. sterile syringes with Luer-Lock TM fittings. sterite syringe 
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caps, one Nalgene filter unit with 0.2 microns filter (Nalgene® vacuum filtration 

system (250ml), from Sigma cat no. 2370606), 2 ziplock bags (gallon size), 

aluminum foil cut in 8x8" pieces for wrapping syringes. The hood will be posted 

with a sign "CAUTION - CANCER SUSPECT AGENT". 

• BrdU stock (powder) is stored at -20QC. Place one bottle (5 grams) in a ziplock 

bag, contained inside a polystyrene box covered with absorbent material and 

sufficiently large to contain a 500 ml beaker. Transport the box to the hood. 

Place box inside hood. 

• Prepare a beaker (250 ml) by adding 160 ml of sterile PBS and a disposable 

stirring bar. Place a thermometer inside the beaker. 

• Place the beaker on the hot plate. The temperature should reach between 402-

502C. 

• Open the container of BrdU; aspirate about 5 ml of warm PBS from the beaker 

and add it to the bottle of BrdU (careful not to spill!). Try to mix - the Brdu powder 

will clog the tip of the pipette. Return the pipette to the beaker, and immerge the 

tip into the warm PBS. Expel any content and mix by pipetting up and down a 

couple of time. Again, aspirate about 5 ml of warm PBS from the beaker and add 

it to the bottle of BrdU and repeat the procedure described above until all the 

BrdU is dissolved. 

• Once the BrdU is completely dissolved, connect the filter unit to the vacuum. 

Close the empty bottle of BrdU and place in an empty ziplock. Place the filter unit 

inside the polystyrene box. Carefully, pour the BrdU solution into the filter unit 

and open the vacuum. Once all the solution has been filtered, close the vacuum, 
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remove the top portion of the filter unit and discard in the ziplock bag together 

with the empty BrdU bottle. 

• When loading the syringes, first un-wrap one syringe and one cap for each 

reiteration. Load the syringe with the required volume (i.e. 5 syringes with 10 ml + 

1 syringe with 5 ml), recap the syringe, wrap in aluminum foil, and place in a 

clean ziplock bag. 

• Discard empty receiving unit of the Nalgene filter unit in the ziplock with the 

empty BrdU bottle. Place ziplock with syringes in the polystyrene box. Place box 

on a cart and wheel to VSD. 

• To clean the hood: immediately dispose of all contaminated supplies in a 

biohazard box (triple-bag). Wipe down surface with 10% bleach. Fill the beaker 

with 10% bleach, let it sit a few minutes, and rinse with soap and water. 

Immediately close biohazard box, label with "caution carcinogen suspect agent 

and "incineration only". Send it for incineration. 

2- In vivo labeling - 150 mg/kg final concentration 

VSD staff will be notified of the intention of using BrdU two weeks prior to the 

beginning of the experiment. Rooms will be posted with: CAUTION - CANCER 

SUSPECT AGENT, AUTHORIZED PERSONNEL ONLY. The SOP will be made 

available outside the animal room. At all time when handling animals injected with 

BrdU, personnel will have to wear proper PPE. 

3- Required PPE 
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To prevent skin exposure, appropriate personal protective equipment (PPE) will be 

worn when handling any amount of BrdU. Ensure that all exposed skin is covered. 

• Tyvek coveralls 

• Double-nitrile gloves. Use two pairs of powder-free, disposable nitri le gloves. with 

the outer one covering the gown cuff whenever there is risk of exposure lo 

hazardous chemicals 

• Face shield for protective eyewear that provides chemical splash protection 

• Appropriate lab attire (scrubs, closed toe shoes, etc.) 

• Face mask 

• Two pairs of shoe covers. One can be discarded inside the animal room 

4- Animal room set up and handling 

• Animals will be NPO for BrdU injections. Post a NPO sign outside the room door 

day before the injections. 

• The animal room will be set up with twice as many cages as animals. One halt of 

the cages will be set on one side of the room, and will be used during the days 

preceding the experiment. The remaining half will be set up on the other side of 

the room as described below to house animal after BrdU injection. 

• Underneath each animal cage set up for Brd U experiment, plastic liined sheets 

(Custom-cut Diamond TEK liners, dimensions: 24" by 32", Harlan Laboratories 

Inc., Indianapolis, IN} will be put on the floor first, and then the sheets will be 

covered with low-dust animal bedding (Product #7092, 1/8" corn cob, Harlan 

Laboratories Inc., Indianapolis, IN), Also. some bedding will be put on tile floor all 

around the cage to absorb any potential fluid draining from the cage. Additional 

corn husk bedding may be added during the 72 h period as needed. 

• Special care will have to be taken when handling animals and animal excreta for 

the 72 h subsequent to BrdU administration. Animal room will have an MPW 

(medical pathological waste) box lined with two biohazard plastic bags to discard 

used PPE. 
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• There will be no change in bedding and no cage hosing for the 72 h foHowing 

BrdU administration. Drains will be temporarily sealed during those 72 h. The 

weekend caretaker will need to arrive early during the weekend to feed the 

animals when they are in the first 72 hours period from injection, since VSD 

personnel is not trained for that. After 72h, the bedding and the underlining 

plastic liners will be collected in triple bagged biohazard boxes. Each box, will be 

labelled appropriately by identifying the hazard (BrdU animal waste -

biohazard/chemical hazard), date, and investigator's name. Put two "Incinerate 

Only" stickers on the box (one at the top and one at the side), and store the box 

into VSDll0H5J lcold room for pick up. 

• lhe boxes will be picked up as hazardous waste by USUHS waste pick-up. lhe 

regular pick-up schedule is every Wednesday. Pick up services can be contacted 

atl(6)(6) I if needed. 

5- Necropsy Room set up 

Necropsy room will be set up for BrdU injection and to perform necropsy after 

euthanasia. 

Materials: 

• Materials required for physical, and injection of telazol, BrdU, and euthasol will be 

as follow: 

Animal records books, thermometer, timer, clock, syringes and needles, heavy 

duty packaging tape tor biohazard boxes and sharps container, surgical tape fior 

securing the catheter, saline flush, alcohol swab, externalized catheteris, 

disposable 18 Micron filters (Homo-Nate® filte,, PIN 50783, Utah Medical 

Products, Inc., Midvale, UT), telazol, euthasol, isoflurane anesthesia machine 

with appropriate sized mask, stethoscope, sl ing, plastic backed absorbent 

sheets, sharps container, and waste boxes lined with three biohazard plastic 

bags (01 waste box and 01 sharp container for each injection day, and 02 waste 

boxes and 01 sharp container for each necropsy day}, 

• For necropsy, materials needed will be: 1 bucket filled with 3 liters of formalin 

labeled (Animal ID, Species, Brdur>l5i !Date, Protocol L..F_1l4_1 _____ __, 
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> I scissors, scalpels, forceps. blades. Place "Formalin Caution" stickers 

on the bucket 

6- Procedure for BrdU injection 

• Animal will be transported from the animal room to the necropsy room using 

animal transport cage. 

• Once in the necropsy room, animal will be put and secured on the sling. 

• The physical will be performed by doing the overall assessment, and taking vital 

signs. 

• If collecting lblood prior BrdU injection, animal will be sedated with isoflurane. 

Blood will be collected from peripheral vein, and then telazol will be injected 

using dose, route, site of injection and needle size as outlined in Table 3 in 

section V.4.4.1. Injections. 

• If blood is not going to be collected, telazol will be injected after the physical 

examination. Once animal is completely sedated, catheter and fil ter will be 

placed on the animal ear's vein, the flush syringe will be attached to the catheter 

to check for patency of the vessel. 

• If the ve in is patent, catheter will be secured by using pieces of surgical tape and· 

BrdU (150 mg/kg) will be injected through the filter. The starting and ending time 

tor SrdU injection will be recorded in the animal record book. 

• In case of non~termina l BrdU injection, the catheter will be removed from the ear 

and animal will be returned back in the room using transport cage. Once in the 

animal room, animal will be transferred into its cage set up for BrdU experiment 

(with liners and lbedding on the floor) and will be monitored until compllete 

recovery. 

• In case of terminal BrdU injection (one hour prior to euthanasia). catheter on the 

ear will be left in place, animal will be moved from the sling to a transport cage 

during the one~hour period. Animal will be closely observed during this period. 

Towels will be used to provide thermoregulat ion in case animal is hypothermic. 

Either telazol bump (approximately 0.1 ml} or isoflurane will be given if animal 

begins to gain consciousness. After one hour, animal will be humanely 

euthanized as outlined in section V.4.6. Euthanasia. 
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• Five minutes after injection, auscultate for cessation of heart sounds, and check 

mucous membrane tor cyanosis. 

7- Procedure for Necropsy 

• Before starting necropsy, wear a PAPR (Powered Air Purifying Respirator) in 

addition to PPE listed above. 

• Put the bucket with formalln for tissue sample collection into the fume hood and 

turn the air flow on. 

• Move the animal from the transport cage to the necropsy table. The table will be 

covered entirely with the spill absorbent pads. 

• Animal is placed in dorsal recumbency. A ventral midline incision ls made 

extending from the manubrium to the pelvic canal. Skin and underlying 

musculature is reflected to the side. A small incision is made into the peritoneum 

and abdominal cavity is opened. About 20 cm long section of jejunum is snipped 

from the small intestine coils on the right side of the abdomen using straight 

Mayo scissors. The section is laid on the cutting board and cut into two halves. 

On one half, small horizontal incisions at a distance of 10-20 mm are made along 

the length using curved metzenbaum scissors and the tissue is dropped into 

formalin by holding it from the mesentery with thumb forceps (bucket labelled as 

"short"). The remaining section is opened along the entire length and dropped 

into formalin. Duodenum and ileum are collected in similar fashion. However, the 

total length of duodenum collected is about 10-12 cm and therefore one section 

that is cut open along entire length is approximately 6-8 cm and shorter one with 

horizontal incisions along the length is about 4 cm. Intestinal contents from the 

sections that are opened along the entire length are removed gently without 

touching the mucosae before putting them in formalin. 

• Following small intestine tissue collection, sternum is collected using Mayo 

scissors. 

• The tissues collected will stay in fixative tor 48 hours at room temperature. 

• The sternum is taken out of formalin after 48 hours, as with the other 

tissues. Then, the sternum is placed in lmmunocal (Formic Acid bone 

decalcifier) solution for 24-48 hours. Finally, it is placed on the tissue processor 
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overnight, embedded, cut and stained. So, it takes a slightly longer t ime (3-4 

days) to produce the sternum slides compared to lungs and small intestines. 

• After necropsy is completed, discard carcass in trip le bagged biohazard box, and 

store into VSD cold room. The box will be appropriately label led by identifying the 

hazard (BrdU carcass - biohazard/chemical hazard), date, species, and 

investigator's name. 02 "Incinerate Only" stickers will be put on the box (one at 

the top and one at the side). 

• Tissues will be ready for immunostaining a week following the necropsy. Submit 

the tissues (FFPE blocks} for immunostaining. 

• lmmunostaining - Blocks will be sent out to HISTOSERV, INC., 19526 Amaranth 

Drive, Germantown, MD 20874, PHONE (301) 972-2600, FAX (301 )972-2627, 

Email: histoserv@histoservinc.com 

a.. Sanitizing Animal Room and Necropsy Room after BrdU Procedure 

Materials needed : scrub brush, 10% bleach, sterilant solution (i.e. Vindicator), 

miltex instrument cleaner, miltex instrument lubricant, hose and sprayer 

For the animal room, cages will be pre-washed with sterilant solution and rinsed 

using hose and sprayer before sending to cage wash. 

For the necropsy room, all materials used for necropsy will first be soaked into 

10% bleach, then rinsed. They will be soaked again into water with miltex 

instrument cleaner added (Alimed Inc., Dedham, MA), and will be allowed to sit 

for at least 15 min. Following the pre-soak, instruments will be scrubbed and 

rinsed with water. The clean instruments will be spread out on an absorbent 

sheet and miltex instrument lubricant (Alimed Inc., Dedham, MA) will be evenly 

sprayed. 

All wal ls and floor wi ll be pre-sprayed with 10% bleach than scrubbed through 

using a scrub brush, and rinsed. Then, walls and floor will be sprayed for the 

second time with sterilant solution that will be allowed to sit on the surfaces for at 

least 10 minutes. Using the hose and sprayer, all walls and floor will be rinsed 

and excess water will be squeegeed down the drain. 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
..:301 JONESBRIOGE ROAD 

6ETH£SDA M.4RYLAND 20614-4799 

lmrlru'fl>~ Ali111! '1"' 111d l 1
!Jt C.:u111minrt 

l'l1onc: ) 

Fof b)(6) I April l 5. 2015 

MEMORANDUM FOR DR.'-11hl_11l) ____ ----.11DEPARfMEN1 OF 
ANESTI IESIOLOGY 

SUBJECT: IAClJC Approval of Protocol - Liitial Review 

TI1c following application was reviewe<l and approved by th~ Uniformed S1:rviccs 
University of tht! Health Sciences (USUHS) Institutional J\nimal Care and Use Committee 
(IACUC) via Designated Member Review on April 15, 2015: 

Animal Pwtocol Title: ''Serotonin Targeted Riomarker and Therapeutic Appro:tch in the 
Treatment of Traumatic Brain Injury (blast) and PosUrat.Jmatic Stress Disorder" 

USUI-IS Protocol Number: i..11
6_l<_6> ___ __,j 

Expiration Dnte : April 14, 201 8 

Supporting Grant(s) Numher: TRD 

Nwnc of Principal Investigator: DrJ'-tb-)t6_l ____ ...J 

The USU1IS has nn Animal Welfare Assurnnc.e on file with the Office for Laboratory 
f\uimal Welfare (OLA W). National Institutes of Health (NU r). The Assurance Number is 

1<6>{6) I The IACI re approved the above referenced application ai; submitted. 

An annual review is required for each of the three years of this protocol. Thjs review 
must be comrpleted by the anniversary date of the protocol. If work b to bl.i continued p11:st the 
expiration date. a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the lACUC may send reminders, it i!> the 
investigator's respom1ibility 10 submit an annual review form (Form 3206A) at least 30 days in 
adyance. or a new Fom1 3206 for triennju.I revi\!W at least 60 days in advance of expiration. 

Prior lo placing your fust animal order. please contact M.A.Jtlb)(G) I to schedule a 
pre-protocol planning meetingf6><6) I This meeting must occur to ensure animal numbers 
are loaded in the CART system and LAM resources are available to meet your needs. 

~k61 I 

cc: Office of Research 

1(6K6> !Ph.D. 
Chair, Institutional Animal 

\arc and l Jsc C"ommit1~c 
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USOHS FORM !\206 
ANIMAL STUDY PROPOSAL 
P~OTOCOL COVER SHEET 

l(b)(6) 

PROTOCQL NUMBER: .__~~~~~~ 

14vtSrcl 

IACUC Date Stamp 

PROTOCOL TITLE: Serotonin Targeted Biomarker and Therapeutic Approach 
in the Treatment of Traumatic Brain Injury (blast) and Posttraumatic Stress 
Disorder 

GRANT 'TITLE (if different from above ): 

USUHS rPROJE_CT NUMBERf"-b_><5_l ___ ...JI Ph. 0 . 

FUNDING AGENCY: DARPA 

EA RLIEST .A 1NTICIPATEO FUNDING START D ATE: December 22, 2014 

PRINCIPAL INVESTIGATOR: 
[6'16) I ANE ~f~b)_~_I ______ ~ 

Principal Investigator Signature Department Off1ee Telephone 

SCIENTIFIC REVIEW : This animal use proposal received appropriate peer 
scientific review and is consistent with good scientific research practice. 

12/15/20i 4 
Date 

lb)(6) I 
_ . Chair p>(5> I 12/1512014 
Dept. Head Sl~n~'ture Title Telephone Date 
Typed Namef( (e I MD, MPH 
CAPT, MC. USN 

S1ATIST1CAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtaih 
sufficient data and/or is not excessive. and the statistical design is appropriate for 
the intent of the study. 

Statistician S itt9nma~tu:::.:r..:;.e ___ ..... 
Typed Namei tb}(S) !Ph.D. 

MPS 

Department 
I elephone 

12/1512014 
Date 
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A TTENOING VETERINARIAN: In accordance with the Animal Welfare 
Regulations. tile Attending Veterinarian was consulted in the planning of 
procedures and manipulations that may cause more than slight or momentary 
pain or distress. even if relieved by anesthetics or analgesics. 

(b)(6) 

Attending/Ccrnsulting Vete,(fiarian 
Signature 
Typed Name:ltb)(6) l VMD 

LAM 1(6)(6) I 
Department Telephone 

·~7/JJ/;s-
Date 
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ANllM.Al PROTOCO_l. NU_MSE_R: 

PRINCleALINYES.TI.GALOR: f ..... b>_(6_l ___ __.I Ph.D. 

ANIMAL PROTOCOL TITLE; Serotonin Targeted 8iomarker and Therapeutic 
Approach in the Treatment of Traumatic Brain Injury (blast) and Posttraumatic Stress 
Disorder in the Rat (Rattus norvegicus) 

GR,ANT TITLE (if different from above): Serotonin Targeted Biomarker and 
Therapeutlc Approach in the Treatment of Traumatic Brain Injury (blas1) and 
Posttraumatic Stress Oisoroer 

USUHSPROJECT NUMBER: _l<b_J(5_> ______ __. 

CO-INVESTIG.ATOR(S): ,_(<bJ_(61 
___ ___.I Ph.D.f ..... b>-(

5
> ____ ...... IPh.D .. 

1'ECHNtCIANS(S):l(b)(ll) 

I. NON-TECHNICAL SYNOPSIS: 
Taken together, a critical factor in blast~induced traumatic brain injury (bTBI) and 

posttraumatic stress disorder (PTSD) lies with the association of cognitive defic~ts and 
mitochondrial metabolic integrity in the brain. Serotonin is one of the Key 
neurotransmitter, \Which is affected by depression and anxiety (Gardner & Boles, 2011). 
How serotonin levels modulate the stress following bTBI or 15TSD is entirely unknown. 
Our Jong-tarm goal is to identify the blood-based brain specific protein biomarkers Of 
brain injury progression and to determine the potential targets for safe and effective 
therapeutic strategies. The objectives of this current proposal are to a) understand the 
relatiionship of serum serotonin levels. psychological. and biological effects of pre
existing stress on the severity of blast injury, and b) examine the potential intervention 
of sodium pyruvate that help to prevent, attenuate, and treat the effects of bTBI and 
PTSD. The wor1K outlined below will test the hypothesis that low serum serotonin levels 
are associated with the severity of stress~related symptoms following recurrent bTBI 
and PTSD, which can be improved by Increasing the serotonin level With pyruvaite 
treatment. 

IL BACKGROUND 
11.1. Background: 

Disturbances in the neurotransmitter system regulated by the hypothalamic
pituitary-adrenal (HPA) axis constitute a leading cause of neurophysiologic long-term 
sequelae after traumatic brain injury (TBI; J. Llompart-Pou et al., 2008; Mcintosh, 1993). 
These are the same regions implicated in the etiology of PTSD. suggesting that 
although the initiating events of brain injury may differ, there may be a common 
etiological pathway resulting in the overlapping their Clinical symptoms (Sumpter & 
McMillan. 2006). 
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Part of the problem in the effective treatment of b TBI is the lack of biomarkers to 
distinguish between PTSO and b TBI due to their overlapping impaired cognitive 
symptoms. We will compare the serum serotonin, cognitive behavior, and 
neuropathological markers of bTBI in rats with stress alone. or combined pre-existing 
stress with bTBI followed by pyruvate treatment to address the questions: 1) If low 
serum serotonin can be used as a biomarker of cognitive deficit related to PTSD; :2) If 
combined pre-existing stress and TBI also affect serum serotonin levels: and 3) \ti/hat ls 
the efficacy of pyruvate treatment in PT SD-like symptoms following stress or 
stress+lb TBI? 

In our preliminary study, we found that low serum serotonin is associated with 
increased anxiety and oepression in stressed rats. It is not known if stress associated 
with blast may also be affected by decreased serotonin levels. Experiments proposed 
will address the questions: (1) can serum serotonin be used as a biomarker of biBI, 
and (2) what ls the efficacy of pyruvate treatment in b TBI? 

Our published results also suggest a protective role of pyruvate in ischemic 
astrocytes through the mitochondrial mechanism (Sharma, Karian, Sharma, Uu, & 
Mongan. 2003: Sharma, Walsh. Kerr-Knott. Karaian. & Mongan. 2005). These 
neuroprotective properties of pyruvate may be attributable to pyruvate's role in 
improving neuronal energy via intracellular calcium buffering (Villalba et al .. 1994). 

Seroton1n (5-hydroxytryptamine; SHT) is a monoaminergic neurotransmitter. 
produced by its precursor tryptophan. However, the exact origin of serotonin levels 
around the injured brain area is not known because about 90% of the body's serotonin 
resides in intestine. blood platelets and pre synaptic endings (Da Prada & Picotti. 1979). 
Serotonin exerts its multiple physiological actions by its recycling mechanisms through a 
variety of receptors in brain (S-HT2A. 5-HT3, 5-HT5A and 5-HT7; Barnes & Sharp, 
1999). 

It is widely believed that brain serotonin deficiency plays a role in depression. 
Brain serotonin levels in humans can be measured by conventional method of positron 
emission tomography (PET; Visser et al., 2011). The disadvantage of this method is that 
tracer used in PET imaging can enter into the kynurenine pathway under inflammatory 
conditions and thus provide a false signal. In rats, in-vivo serotonin levels can also be 
measured by voltametery with carbon fiber microelectrodes implanted into the brain. 
This is used frequently to monitor sub-second dopamine release in freely moving and 
anesthetized rats (Hashemi et al., 2009). This technique has its own technical difficulties 
such as electrode deterioration and increased sensitivity to 5-HT measurement. Using 
commercial !!LISA kit, we have recently demonstrated that compared with control 
animals, low serum serotonin levels in rats are associated with increased anxiety and 
damaged brain mitochondria in stressed animals wltn or without mTBI (using fluid 
percussion). We don't know if serotonin blood levels reflect the brain's level of serotonin. 
Also, researchers don't know Whether the dip in serotonin causes the depression or the 
depression causes serotonin levels to drop. Therefore . in this current proposal, we will 
measure serotonin levels in plasma, CSF, and brain from rats subjected to stress alone, 
bTBJ alone, or stres.s•b TB/ (compared to controls) . 

The most common drugs to treat depression are SSRls (selective serotonin 
reuptake inhibitors) such as Celexa, Lexapro, Prozac. Paxil and Zoloft. However, 
serious side effects (dizziness, nausea, lethargy, headache, anxiety, and agitation) have 
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been reported after the withdrawal of prolonged SSRI treatment. This discontinuation 
syndrome results from neurophysiologic readjustment in the central nervous system to 
compensate for the pharmacologic activity of the SSRI (Visser et al., 2011 ; Bond, 2005). 
Now the question is. are there any alternatives that are effective but safer than SSRI? 
Based on our preliminary data abou1 the protective effects of pyruvate in increasing the 
serum serotonin and in reducing the depressive symptoms in PTSD rats, we plan to 
extend our study on pyruvate effects in bTBI and PTSD on serotonin, cognitive deficits 
and neuropathology. 

Pyruvate: Glucose is an obligatory metabolic fuel for brain. The metabolism of 
glucose by brain cells requires several coordinated steps involving different cell types 
and differenl cellular compartrnents; either of which may be markedly disrupted by the 
time a head injured patient is able to recognize the consequences of hislher TBI. 
Furthermore, experience with the precarious use of glucose to treat head injured 
patients necessitates the development of a more targeted metabolic and anti
inflarnmatory treatment strategy (Desagher, Glowinski, & Premont, 1997; Matsumoto, 
Yamada, Kohmura, Kinoshita. & Hayakawa. 1994). 

A decrease brain serotonin following TBI and PTSD is also known to cau:se 
reduced cellular metabolism through impaired mitochondrial oxidative phosphorylatron, 
increased inflammation and oxidative stress (Gardner & Boles, 2011). Therefore, in this 
proposed study; use of sodiurn pyruvate in the treatment of b TBI and PTSD to elevate 
the brain serotonin levels through its mitochondrial mechanisms, anti-oxidative and anti
inflammatory property is a novel avenue (Lee, Kim, & Koh. 2001 ; Matsumoto et al., 
1994, Mongan. Capacchione, Fontana. West. & Bunger. 2001 , Mongan. Karaian, Van 
Der Schuur, Via. & Sharma. 2003; Moro. Ghavim, Hovda. & Sutton. 2011 : Neigh. 
Bowers, Pyter, Gal ien, & Nelson. 2004; O'Connell et al., 2005; O'Donnell· Tormey, 
Nathan. Lanks. DeBoer. & de la Harpe, 1981: Sharma. Benford. Li, & Ung, 2009: 
Sharma et al., 2003; Sharma & Mongan, 2009; Vllau, Pascu, & Kitulescu, 1967). Ours is 
the first study to examine the effects of pyruvate on serum and brain serotonin levels, 
cognitive dericils and neuropathology in response to b TBI with/out pre-existing stress .. 

11.2. Literature Searc_h for Duplication 
U.2 .. 1. Literature Source(sl Searched: Medline (PubMed), Psyclnfo. F1000Biology 
(and electronic journal review service), BRD, and RePORT 
11.2.2. Date of .Search: December, 2014 
11.2.3. Period of Sear.ch; No Period Restriction 
11.2.4. Key Words and Search Strategy: Traumatic brain injury, BOP (blast 
•Overpressure). PTSD (post~traumatic stress disorder), rats, age differences. locomotion, 
activity, anxiety, depression, serotonin. pyruvate (words are entered separately and in 
combination: rat is entered with each term} have been searched in data base searches. 
We also read electronic and paper journals regularly and search for phrases, titles, and 
abstracts relevant to our work. 
11.2.5. Results of Search: There has been extensive work on traumatic brain injury. 
and the various behavioral measures included in our work. However, there has been 
little work combining these variables with our rat stress model of ''Warnor Stress 
Paradigm" and blast TBI. Overall, literature searches on the topics to be covered in our 
experiments indicate the value of our approaches. and have not revealed existing 
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literature or data that would supersede our experiments on blood based biomarkers of 
brain injury severity in response to repeat blast TBI with/out pre-existing stress and 
pyruvate treatment. 

Ill. OBJECTIVE\HYPOTHESIS: 
The objectives of this current research proposal are: a) Understand the 

spectrum of changes ln serum serotonin levels, psychological and neuro-pathological 
effects of pre-existing stress on the severity of blast TBI, and b) Examine the potential 
effects of sodium pyruvate that may prevent, attenuate and treat the effects of repeat 
blast on TBI and PTSD. The work outlined in this proposal will test the hypothesis that 
low serum serotonin levels are associated with the severity of stress related symptoms 
following recurrent bTBI and PTSD, which can be improved by increasing the serotonin 
level with pyruvate treatment. 

IV. MILITARY RELEVANCE: 
The use of improvised explosive devices (lEDs) during the recent Iraq and 

Afghanistan wars has led to an injury, which is different from that in previous US wars 
(Traumatic Brain Injury in the United States: A Report to Congress. Emergency 
Department Visits. Hospitalization, and Deaths, 2002-2006, Atlanta, 2010, CDC report 
2010). The Department of Defense and the Defense and Veteran's Brain Injury Center 
estimate that 22% of all combat casualties from the recent Afghanistan and Iraq 
conflicts are brain injuries (Hoge et al.. 2008). 

It is likely that the mild TBI and cognitive impairments observed among many of 
the troops returning from OIF and OEF result from repeated exposures to blast 
overpressure (Belanger, Kretzmer, Yoash-Gantz, Pickett, & Tupler, 2009; Sayer et al., 
2008; Traumatic Brain Injury in the United States: A Report to Congress. Emergency 
Department Visits, Hospitalization, and Deaths, 2002-2006, Atlanta. 201 O, CDC report 
2010). \/Vhile there are some reports to suggest that PTSD like symptoms in our troops 
might be due to the war related exposure to psychological trauma (Belanger, Kretzmer, 
Vanderploeg, & French. 2010; Vanderploeg, Belanger. & Curtiss. 2009). The intriguing 
questions is "why not all soldiers with mTBI have PTSD?" The diagnostic dilemma and 
ineffective treatment of mTBI and PTSD offer a great challenge to the clinicians due to 
the overlapping neurobehavioral symptoms such as insomnia, irritability, social 
withdrawal, impaired concentration and short-term memory deficit and complex 
metabolic and biochemical manifestations. If not diagnosed and treated promptly, PTSD 
quickly manifests itself into a socio-economic burden on society. Hence, it is very 
important to identify the blood -based biomarkers of TBI and PTSD. 

V. MATERIALS AND METHODS 
V.1. Experimental Design and General Procedures: 
The experimental design for the 2 experiments is: 2 (no blast, blast) x 2 (no stress, 
stress) x 2 (no pyruvate, pyruvate) x 2 (short-term [7 days], long-term [28 days]) yielding 
16 "cells" each of which will include 12 rats (10-12 rats are required for appropriate 
statistical power, so 12 rats are planned for each cell in case of loss of data due to 
equipment failures or unforeseen problems). In addition. animals are necessary for 
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training and piloting procedures (additional 20 rats). Therefore. this protocol requests 
authorization of 212 ra ts (see section V .3.4) . 

Group Exolanatlon 
1 No blast. No Stress, No Orua 
2 No olast, No Stress . Drua 
3 No blast. Stress. No Drug _ 
4 No blast, Stress. Druo 
5 Blast. No Stress. No DruQ 
6 Blast, No Stress. DruQ 
7 Blast. Stress. No Druo 

- 8 Blast. Stress, Drug 

Both aims wil~ be run simultaneously in counter-balanc:ed cohorts to minimize 
ex~erimerntal error. Please see below nmle-s for time1lines of the biological and 
behavioral data collection. The behavioral test will include 1. Open field activity_ (OF A)
This test is a measure of motor performance, anxiety and general health of the animal. 
2. Neurological severitv Score- Revised {NSS-R)- These measures include observation 
of a righting response, leg flexion , balance, and sensory responses to mild stimuli (e.g., 
touclhing ear with cotton-tipped stick, response to light). These measures are similar to 
those described in CNRM SOP #2, and 3. Rotarod (RR)- The rotarod test measures an 
animal's fatigue and ability to maintain balance by coordinating the movement of all four 
feet and making the necessary postural adjustments. It also measures thl! animal's 
ability to improve on these skills with practice. 

...... __ .. .. 
I.. • UI 

.,, 

.. 
.,., ... ... .. 

V.2. Data Analysis: Samples sizes for each experiment were based on two 
strategies: (1) sample sizes of previous experiments in our laboratory and in the 
published literature that have yielded statistically significant findings; and (2) power 
analyses of the dependent measures based an data from ongoing experimenls and 
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data reported in the relevant literature following the procedures of (Cohen. 1988; 
Keppel, 1991 : Keppel. Saufley. & Tokunaga. 1992). Estimates of effect size in the 
population were determined by calculating an estimated omega squared. Phi statistics 
then were calculated to determine the ratio of treatment variance to error variance for a 
given sample size. Using phi and power tables, the necessary sample size to achieve 
0.80 power was detemiined. Sample sizes of 12 are appropriate for the behavioral and 
biological measures. The data will be analyzed by ANOVA or MANOVA (with and 
without covariates). Tukey HSD post hoc tests or Dunnett's twill be used to compare 
differences between conditions. All analyses will be two-tailed with alpha • 0.05. 

V.3. lalboratory Animats Required and Justification 
V.3.1. Non-~nimal Alternatives Considered: This research project relies on biological 
and behavioral responses in living organisms. Rats are subjects in this study because 
their responses are similar and predictive of human responses. Non-anirnal alternatives 
sudh as computer modeling and cell cultures were considered but are not suitable to 
assess biology and behaviors in organisms. 
V.3.2. Ain_lmal Model and Species Justification: 

Rats were chosen as subjects because they provide a valid and relial:!le model 
for the questions under study. There is extensive similarity between rodents and 
humans at the genetic level and there exists an extensive research literature using rats 
in animal models of a variety of human conditions including stress and menta l and 
physical health. In addition. rodents are commonly used in investigations of TBI. 

Dr f6)(6) !laboratory has used rats, mice, other rodents, and primates in 
their research over the past 30 years. Their findings with rats have been reliable (in their 
laboratory and in other laboratories) and have proven to be valid predicting effects in 
human subjects and human populations with regard to the topics that we study. Dr. 
~has also been using rats in her laboratory for over 18 years and has found 
l=eii'a6reies u Jts. 
V.3.3. Laboratory Animals: All animals that will visit the Army Institute of 
Research (WRAIR) vivarium as part of collaborative studies must be shown to1 meet 
WRA11R Veterinary Services Program (VSP) health criteria IAW UWN-501, Qualify 
Control of Rodents and Rabbits and/or UWN·O 15, Receipt and Quarantine prior lo 
arrival. Diaglilostic results, sentinel data, health certificates and prior notifTcatior11 and 
coordination with VSP will be required as applicable. The attending veterinarian wm 
deny recei1Pt of animals that do not meet required entry criteria. 

V.3.3.1. 

V.3.3.2. 
V.3.3.3. 
V.3.3.4. 

V.3.3.5. 
V.3.3.6. 
V.3.3.7. 

Genus & Speuies: 

StrainJSt~ck: 
SourceNendor~ 

Age: 

Weight: 
~: 
Special 

Species #1 
Rattus notvegictJs 
(Rat) 
Sprague-Dawley 
Charles River 
Young adultl 
adolescents (about 
55 days) 
250-300 g 
Males 
NIA 

Species #2 
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Considerations: 

V.3.4 . Number of Animals Required Cbv Species} 212 

V.3.5. Refinement, Reduction, Replacement (3 Rs) 
V.3.5. 1. Refinement: Animals are carefully monitored to limit or avoid pain and 
distress. Animals are observed daily for any behavioral signs of distress, including 
vocalizations, weight loss/gain will be evaluated by periodic weighing every alternate 
day, changes in food consumption, changes in reactivity, and any signs of injury. If 
there are any indications of pain or distress. then the LAM staff is consulted. With 
regard to logistical and technical refinements, many of the behavioral assessments use 
automated equipment interfaced vvith computers to allow for the collection of many 
parameters simultaneously and non~invasively. The use of sophisticated software and 
computerized technologies allows us to collect fine-grained and complete data sets for 
every animal included in the experiment. eliminatin the need for additional studies that 
might otherwise have been necessary. Or. (blt ) many years of behavioral 
investigations regarding stress and various drugs also have allowed us to minimize the 
sample sizes as we have refined testing to be sensitive and reliable. 
V.3.5.2. Reduction: The sample sizes for the proposed work were derived from 
power analyses of pilot data and past work in our laboratory and in other laboratories. 
These samples si2es therefore constitute the minimum number of animals necessary to 
obtain meaningful results and represent a useful application of knowledge of statistical 
effect size and the concept of power. In addition, in each experiment multiple dependent 
variables are measured. Measurement of many variables in the same animals markedly 
reduces the total number of experiments conducted. This strategy is used to reduce the 
number of subjects as much as possible without compromising the science. 
V.3.5.3. Replacement: There are no appropriate replacement methods for the 
proposed work. See CNRM SOP #1 for additional information indicating that 
replacements are not available for this type of project. 

V.4. Technical Methods 
V.4.1. Pain I Distress Assessment: 
Animals will be anesthetized during brain injury. Animals will be observed daily by 
investigators and by LAM staff to check their health and well-being and to insure that 
there is no undue pain or distress based on behaviors (e.g .. excessive grooming, 
shivering. or other unusual motor behaviors) and vocalizations (e.g., squealing or 
excessive squeaking). Any indications of pain or distress will be dealt with by alleviating 
the cause of the problem (with the exception of experimentally-induced behavioral 
distress) or by contacting LAM personnel for assistance and guidance. 
V.4.1.1. APHIS Form 7023 lnfonnation 
V.4.1.1 . 1. Number of Animals: Species #1 Species #2 
V.4.1 .1.1.1. Column C: 48 

V.4.1.1.1.2. Column D: 68 

V.4.1 .1.1.3. Column E: 96 
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The number of animals in each category has been broken down as follows (please refer 
to table in Section V.1. for group assignments): 
Category C: 

- Animals that no not receive blast, stress (Groups 1, 2) 

Category D: 
- Animals that receive blast but no stress (Groups 5, 6) 
- Pilot animals are included in this group to teach techniques 

Category E: 
- Animals that receive stress (Groups 3, 4, 7, 8) 

V.4.1.2. Pain Relief I Prevention 
V.4.1.2.1. Anesthesia/AnalgeslafTranquilization: 

Rats will be anesthetized by inhalation with 5% lsoflurane mixed with 
compressed medical air (21 % 02) at 1 liter/min for 2 minutes prior to TBI using an 
induction chamber. The inhalant anesthesia does provide sufficient anesthesia while in 
the blast tube. Animals are placed directly from the induction chamber, into the blast 
tube, blast occurs, and animal is placed back in home cage. The time it takes once the 
animal is anesthetized to the time to blast is less than 2 minutes and all animals remain 
anesthetized. If they wake up too early, they are placed back in the anesthesia. 

After 2 min, the rat is tested for consciousness by pinching its tail. If the rat 
responds to the tail pinch, anesthesia is continued for an additional minute. If the rat 
does not respond, the anesthetized rat is transferred and secured in the rat holder and 
secured in the blast tube. Further details regarding this procedure appear in (Yarnell et 
al., 2013). 
V.4.1.2.2. Pre- and Post-procedural <not surgervl Provisions: 

The non-surgical procedures that may induce momentary discomfort (e.g., tail 
pinch) are included for scientific purposes and are short in duration (see time course 
listed for each dependent variable; Section V.4.4.6). Animals are observed daily by 
investigators and by LAM staff to check on their health and well-being and to assure 
that there is no undue pain or distress. Animals also are carefully monitored during 
behavioral testing procedures. In addition, animals are closely monitored during all 
procedures that involve any pain or potential distress (e.g., during and after minor 
surgery; during and after injections). Pain/distress is assessed based on behaviors and 
vocalizations. Any indications of pain or distress are dealt with by alleviating the cause 
of the problem (with the exception of experimentally-induced behavioral distress) or by 
contacting LAM personnel for assistance and guidance. 

Repeat Blast exposure: Blast exposures will be conducted in the morning; 
animals will be exposed to 3 blasts (at 75 kPa each) with 30 minutes in between each 
blast. Animals will be monitored continuously. by the Pl and/or authorized staff member 
for an additional three hours post-blast or until they are fully recovered from anesthesia 
at WRAIR. After recovery, animals will be brought back to USU HS. After blast exposure 
day they will be monitored at least twice daily, by the research staff and LAM staff, until 
the study endpoint for that animal is reached. 

Pain Assessment Score Sheet (please see attachment): This instrument will 
be used for all post blast evaluations to ensure that pain symptoms are assessed in a 
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relatively objective manner. If the pain assessment score sheet indicates, the attending 
veterinarian at WRAIR will be contacted promptly to provide their clinical opinion and 
consult with Pl and/or authorized research staff to determine disposition. If an animal is 
euthanized as a result of this process, the appropriate pain category numbers will be 
reported to the IACUC. We typically do not observe signs of pain or distress post-blast -
especially at the blast intensity specified. 

Rat stress model: We developed a non-painful "Warrior Stress Paradigm" to 
model impending threat of attack in novel environments based on previous studies, 
many of which were conducted in our laboratory (Yarnell, 2013). Briefly, in this stress 
paradigm. predator stress is manipulated by introducing a cotton ball with commercially 
purchased synthetic fox urine into a test cage with the rat. Unpredictable, non-painful 
stressors include noise, flashing light, and cage shaking. The animal is transferred from 
its home cage to the stress cage with lid. The fox urine (10mL) is absorbed by a large 
cotton ball and placed in varying spots in the stress cage. The procedure is conducted 
in a room separate from the housing room and the behavioral rooms. A bright 
fluorescent overhead light remains on during the procedure. This procedure lasts 20 
minutes. The stimuli are presented for 7 days in a manner designed to minimize 
habituation of the response. Each manipulation occurs no more than once per day. A 
combination of these stimuli avoids habituation of the response. 

Pyruvate administration: Sodium pyruvate (1g/kg) will be started within 30 min 
after the completion of injury/stress protocol (on day 0), and then it will be administered 
every 24h until the end of the experiment, by oral gavage in 2 ml sterile distilled water. 
At the same time. control animals will receive the similar volume of distilled water. 
V.4.1.2.3. Paralytics: NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful 
Procedures 

V.4.1.3.1. Sources Searched: Medline (PubMed), Psyclnfo, and F1000 Biology, 
BRO, RePORT. 
V.4.1.3.2. Date of Search: December, 2014 
V.4.1.3.3. Period of Search: All years available on each database are searched 
(from recent work up to 20 years in the past) 
V.4.1.3.4. Key Words of Search: brain injury, brain injury model, blast injury, pain, 
rat. anesthesia (these words are searched in carious combinations) 
V.4.1.3.5. Results of Search: No alternatives are available to avoid using live 
animals for the assessment of biological and behavioral effects of brain injury and in 
intact rats and the procedures that are followed. The blast overpressure procedure (See 
section V.4.4.7) is described in detail in a recent paper (Yarnell, et al., 2013). This 
paradigm is considered to be the best animal model for exposure to improvised 
explosive devices. Animals are monitored closely for> 1 hour after brain injury and are 
monitored daily during each behavioral measure as well as during daily rounds by 
investigators. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
This study is designed to examine and treat the effects of pre-existing stress on 

blast TBI in terms of neuropatholical and neurobehavioral parameters. Yes, our stress 
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procedure will cause temporary distress during animal exposure to light, sound, and 
predator scent. But this non-painful stress procedure will cause less disstress than other 
existing stress protocols such as "repeat tail shock or animal exposure to the close 
vicinity of live predators". Our proposed stress model of ··warrior Stress Paradigm" is 
to simulate the impending threat of attack in novel military environments. 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Surgery N/A 
V.4.3.1. Pre-surgica I Provisions: NIA 
V.4.3.2. Procedure: N/A 
V.4.3.3. Post-surgical Provisions: N/A 
V.4.3.4. Location: N/A 
V.4.3.5. Surgeon: NIA 
V.4.3.6. Multiple Malor Survival Operative Procedures: N/A 
V.4.3.6.1. Procedures: N/A 
V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations 
V.4.4.1. Injections: N/A 
V.4.4.2. Biosamples: 

Blood for biochemical analysis: Just prior to the beginning (day -1 O) and at the 
termination of the experiments, using a 22 Gauge BO Vacutainer® Eclipse ru blood 
collection needle. 100-150 µI blood will be drawn from the tail vein into an anticoagulant
free (red top) Vacutainefi. 50 uL of blood will be immediately used for ISAT machine 
for determination of blood gases, acid-base parameters. glucose, lactate and pyruvate. 
We will allow the remainin~ blood to clot for 15-20 minutes at room temperature. We will 
centrifuge the Vacutainers for 10 minutes at 2,500-2,800 revolutions per minute (rpm) 
(1,500-2,000 x g) to separate the plasma. 

Collection of CSF for brain injury evaluation: Just before the termination of 
experiment, rats anesthetized with isoflurane will be secured in a stereotactic frame in 
such a way as to allow the head to move up and down but not to move side-to-side. The 
back of the head and neck will be shaved clean of fur, and wiped with alcohol swabs. 
The head will be flexed in order to clearly display the occipital protuberance in the neck. 
After making a skin incision on the midline above the cervical vertebrae and the occipital 
protuberance, the atlantooccipital membrane will be evidenced by blunt dissection. A 
25G needle will be used to puncture the membrane and collect the cerebrospinal fluid. 
The fluid will be cleared by centrifugation and the supernatant saved at -80°C. 

Collection of brain parts for molecular biology, enzyme assays and 
serotonin measurements: Deeply anesthetized animals (8 rats/group) will be 
decapitated and brains will be quickly removed and placed on ice; the frontal cortex, 
amygdala, and the dorsal and ventral hippocampus will be dissected, weighed, flash 
frozen, and stored at -BOC until use. Brain regions will be processed individually for 
protein extraction. In addition to the brain, we will also collect intestine, lungs, and 
spleen for further studies to examine the impact of blast exposure and stress on 
serotonin levels. 
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Collection of whole brain tissue for histology: Deeply anesthetized animals (4 
rats/group) will be transcardially perfused 'Mth normal saline, followed by 4% 
paraformaldehyde in phosphate buffered saline (PBS) into the left ventricle. Following 
fixation, immediately thereafter. the brain, spinal cord, lungs, spleen, and intestine will 
be removed, and post-fixed for further evaluation. Organs will be post-fixed in 4% 
paraformaldehyde and 10% sucrose in PBS overnight at 4,C. The next day, brains will 
be transferred to 30% sucrose solution to complete the cryoprotection; after 24 hours or 
when organs no longer floats. they will be stored at -80°C. 

V.4.4.3. Adluvants: NIA 
V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 
V.4.4.S. Animal Identification: Cages are numbered corresponding to the 
animals in that cage and rat tails are coded with a marker using a stripe system that 
corresponds to units of hundreds, tens, or ones, depending on the location of the mark 
on the tail. 

V.4.4.6. Behavioral Studies: Behavioral testing of rats will be performed in 
Laboratory for Animal Research (LAM) at USUHS. All rats Will undergo the following 
neurobehavioral tests to determine 1) wtlat kinds of behaviors are affected by the brain 
injury and/or stress: and 2) the outcomes of various treatments to see if there is an 
improvement after the treatment. Data from tests that utilize categorical (non
continuous) scoring (e.g ., 5-point scales) should t>e analyzed oy a non-parametric 
statistical method that does not make any assumptions concerning the nonnality of data 
distribution. All behavioral measures will occur on the same day and 'Mii occur directly 
after the previous one is complete (wait times of approximately 15-45 min 'Nill occur 
while equipment is being cleaned and while other animals are being tested). 

1) Open field activity (OFA). OFA is a collection of sensitive unconditioned behaviors 
that occur when an animal moves in its environment. These measures have been used 
in rat studies in Drl(b)(a) •aboratory for many years (including recent studies of 
single blast-induced and other brain injuries) and have provided reliable and valuable 
data (Bowen, Eury, & Grunberg, 1986; Elliott, Faraday, Phillips, & Grunberg, 2004; 
Elliott & Grunberg. 2005; Faraday. Elliott. Phillips, & Grunberg, 2003; Faraday, 
O'Donoghue, & Grunberg, 2003; Faraday, Scheufele, Rahman, & Grunberg, 1999; 
Grunberg & Bowen, 1985; Morse et al., 1997). Horizontal activity provides information 
about gross motor performance and general health: center time provides an index of 
anxiety-related behavior (with an inverse relationship between center time and anxiety): 
vertical activity provides an index of depression-related behavior (with escape behaviors 
inversely related to depression). Locomotor activity is measured using an Accuscan 
Electronics infrared photocell system (Accuscan Electronics, Columbus, OH), located in 
a dedicated room within the animal facility. This room is constructed of cinderblock 
walls , acoustic tile ceiling and steel doors so that sound is kept to a minimum. One-hour 
activity measurements will be obtained during animals' active or dark cycle. Animals Will 
be placed singly in a 40 )( 40 )( 30 cm clear Plexiglas arena and a Plexiglas lid with 
multiple holes to allow air now. The lid ensures that subjects have adequate ventilation 
but cannot escape during data collection. A photocell array measures horizontal 
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locomotor activity and vertical activity. Data will be automatically gathered and 
transmitted to a computer equipped with "Fusion" software (from Accuscan Electronics). 
Once subjects are placed in the test areas, the experimenter turns off the lights and 
leaves the room. Chambers are deaned between subjects with a clidox-s solution. 
Duration. frequency of repetition. and number of test days: The duration of locomotor 
activity testing is a maximum of 60 min per day. Animals will be acclimated to the 
equipment and then tested prior to blast exposure (baseline). 3 days, and either 6 or 27 
days post exposure. OFA will be performed around the same time at each time point. 

2) Neurobehavioral observation. Observations will be made and recorded using the 
Neurobehavioral Severity Scale-Revised (NSS-R) that was developed in the Pl's 
laboratory (Grunberg, Yarnell, Chwa, Hutchison. & Barry. 2011) and based on 
neurological severity scales in the literature (Hamm, 2001; Shohami, Novikov, & Bass, 
1995) using a Likert-format scoring system. These measures include observation of a 
righting response, leg flexion, balance, and sensory responses to mild stimuli (e.g., 
touching ear with cotton-tipped stick. response to light). The measures are similar to 
those described in CNRM SOP #2. 
The NSS-R is a specific, continuous sequence of behavioral tests and observations 
based on the Neurological Severity Score (NSS). The 1 O tasks assess reflex 
suppression, general movement. and postural adjustments in response to a challenge. 
The tests are ordered to ensure that subsequent measures are not affected by the 
preceding measure. Each task is scored using a three-point Likert scale, in which a 
normal, healthy response is assigned a "O," a partial or compromised response is 
assigned a "1," and the absence of a response is assigned a "2." Scores are totaled 
(max score of 20: where higher scores reflect greater extent of injury) and analyzed. 
Duration. frequency of repetition. and number of test days: The duration of 
neurobehavioral testing is a maximum of 5 min per day. Animals will be tested prior to 
blast exposure (baseline). 3 days. and either 6 or 27 days post exposure. 
Neurobehavioral observations will be performed around the same time at each time 
point. 

3) Rotarod. The rotarod test measures an animal's fatigue and ability to maintain 
balance by coordinating the movement of all four feet and making the necessary 
postural adjustments. It also measures the animal's ability to improve on these skills 
with practice_ Each Rota-Rod treadmill consists of a motor-driven drum with constant 
speed or accelerating speed modes of operation. The drum (7.0 cm diameter) allows 
each animal to maintain a suitable grip. It is divided into four test zones (8.9 cm wide) so 
that up to four animals may be tested at the same time. The device consists of a smooth 
hard plastic cylinder with concentric circular plastic sides (39.7 cm diameter) attached to 
prevent the rat from climbing off the cylinder laterally. The cylinder is connected to a 
variable speed reversible motor, allowing the speed and direction of rotation of the 
cylinder to be changed. 
An accelerated rotarod task will be used with a Med Associates rat rotarod (Med 
Associates, Inc, St. Albans. VT). The equipment consists of a metal frame with 
polyvinyl chloride (PVC) dividers. Rats will be placed on the device facing the wall with 
the rod rotating in the direction opposite from the animal (so that the rat has to use its 
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paws to pace forwards to avoid falling off the rod). When a rat falls of the rotating drum 
(height of 26. 7 cm), it breaks a photobeam, stopping the timer associated ·with that 
chamber. Once all four photobeams have been broken. the drum will cease rotating. 
Rats will be tested 3 times/time point on this device. In each tnal, the speed of rotation 
will be slowly increased from O revolutions per minute (rpm) to 35 rpm for a maximum of 
5 min. The mean duration on the device. expressed in seconds will be recorded for 
sconng each rat. Each animal's performance will be evaluated, including time spent on 
the rotarod at each rotation speed. The procedures will be consistent with other reports 
in the literature (e.g. McPhee, et al. , 2005; Rustay et al. , 2003). 
Duration. frequency of repetition. and number of test days: The duration of 
neurobehavioral testing is a maximum of 15 min per day. Animals will be tested prior to 
blast exposure (baseline). 3 days, and either 6 or 27 days post e)(posure. 
Neurobehavioral observations will be performed around the same time at each time 
point. 

V.4.4.7. Other Procedures: 
For blast over pressure (BOP}. rats will be transported to WRAIR and back to 

USU HS in a closed van provided by WRAIR and driven by an insured WRAIR driver. 
Rats will be housed in transportation cages. Cages will be secured from sliding and 
room temperature will be maintained. The vehicle will be cleaned before and after 
transport. WR.AIR requires that we use their van and driver (this procedure of animal 
transport to VVRAIR is similar with our current ongoing studies). 

For BOP, there will be no surgery. Exposure to BOP will be conducted at 'Ai'RAIR 
under the direction of Dr j(6)(6) ltollowing procedures described by our 
research group (Yarnell et al. , 2013) The blast tube consists of a 2.5 ft long 
compression chamber separated from a 15 ft long expansion chamber (both of 1 ft 
diameter) by a polyester Mylar sheet (Du Pont. Wilmington DE). Anesthetized rats will 
be placed singly in a secured holder within the mouth of the blast tube. Using an air 
compressor, the pressure is then increased in the compression chamber until it reaches 
a critical value determined by the thickness of the Mylar sheet at which point the Mylar 
ruptures. causing a blast pressure wave to pass down the expansion tube. Available 
membranes will be calibrated to rupture at a compression pressure generating an 
exposure pressure of - 75 kPa. This level of blast exposure produces a mild traumatic 
brain injury. Rats will be exposed to three consecutive blasts with about 30 minutes in 
between each blast (three blast exposures in one day). After injury the rats will be 
returned to their home cages and monitored until consciousness is regained They will 
be observed at WRAIR for at least 30 min after exposure to BOP. Rats will be Kept at 
WRAIR for less than 12 hours. 

The temperature of the transport vehicle will be maintained between 68-72"F. 
Once rats have received their blast exposure, they will be monitored for 30 minutes after 
they have recovered righting reflexes and will be examined to determine that they are 
not showing any signs of severe stress in excess of the symptoms expected for 
recovery from anesthesia before they are transporteci back to USU. An approved 
member on the protocol will accompany the rats at all times at WRAIR and monitor the 
rats for any signs of severe stress. If any signs of severe stress occur while the animals 
are away from USU, the accompanying investigator will euthanize the animal within the 
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WRAIR facilities. 
BOP lnjurtes will be conducted at V\IRAIR, Forest Glen. Behavioral measures will 

be conducted in the laboratories of Dr.l<bX6> lin LAM at USU HS. 

V.4.4.8. Tissue Sharing: NIA 

V.4.5. Study Endpoint; 
The study endpoint is euthanasia in each experiment. Rats will be euthanized on 

either 7 or 28 days after injury (injury day= day 0 [i .e .. all animals including sham will Be 
euthanized on days 7 or 28]; depending on if they are in the short- or long-term injury 
group). If any animals show evidence of pain or distress at any time, then LAM staff will 
oe consulted r,egarding the most appropriate treatment or' procedures. If the conaltion is 
not ameliorated in the judgment of a LAM veterinarian. then the rat will be euthanized 
after consultation with the Pl. 

V.4.6. jiuthanasia: 
Subjects will oe euthanized by increasing dose of isoflurane followed by 

necropsy for organ harvesting. For transcardial perfusion . deeply anesthetized animals 
will be transcarttially perfused with normal saline first followed by 4% paraformaldehyde 
in phosphate buffered saline (PBS) into the left ventri cle. 

If any signs of severe stress occur while the animals are Away from USU. the 
accompanying investigator Will euthanize the animal within the WRAIR facilities. WRAIR 
has a similar setup for euthanizing animals, as USU and the same procedures .,,.,,;11 be 
followed. 

V.5. Veterinary Care 
The WRAIR IACUC Collaboration Protocol Signature Sheet (UWZ-1001 

Processing. Reviewing and Maintenance of Extramural and Collaborative Proposals) 
must be signed by the Institute Pl. the Business Office. the Joint Safety and 
Ehvironment Office (JSEO) and the Attending Veterinarian or designee prior to protocol 
approval. This form indicates the responsible parties have reviewed and can support. 
the coHaborative proposal. 
V.5.1. Husoandry Considerations; 

E)(cept as noted below, routine animal husbandry will be provided in accordance 
with LAM Husbandry SOPs for each species in this protocol. 
V.5.1.1. Study Room; 

V.5.1 .2. 

Room Number(si (b)(S) ? 
Sijeclal Husbandry Pro_ytsions: 

FoOd Restr:iction: Yes No x 

Fluid Restriction: Yes No x 
V.5.1.3. E)(ceptlons: None 
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V.5.2. Veterinarv Medical Care 
V.5.2.1. R·o_utine Vet~rinarv Medical Care: 

Animals will be observed and cared for by the Center for LAM veterinary 
technicians and veterinarians according to USUHS Center for LAM SOPs. 
V.5.2.2. Emergency Veterinary Medical Care: 

All emergency, weekend, and holiday care is provided by two animal husbandry 
technicians. one or more veterinary technicians. and an on-call veterinarian. Essential 
husbandry procedures and health rounds are conducted by LAM personnel once daily 
during weekend and holidays. 

V.S.3. Environmental Enrichment 
V.5.3.1. E.nrichment Strate_g;t: 

Except as indicated below, all animals on this protocol will be provided with 
routine environmental enrichment in accordance with LAM SOPs and IACUC Policies. 
Examples indude nestlets and tunnels for rodents. 
V.5.3.2. Enrichment Rastrictions: NIA 

VI. STUDY PERSONNEL QUALIFICATIONS AN 0 TRAINING; 
SfUOY PERSONNEL QUALIFICATIONS/TRAINING 

I Protocol activity 
Qualifications of 

person periorming 
Name of person 

or procedure 
activity (e.g., 

Specific training in this activity 

performing activity 
(e.g., tail vein 

research 
or procedure (e,g., rodent 

I 
injections. 

technician, 2 yrs 
handling class. i 999) 

euthanasia) 
experience) 

lD)IO) Animal Handling 18+ years' USUHS Investigator Training 
l"'n.u. experience With rat and Animal Hanaling courses 

surgery {Several sessions, including 
sesston in 2000). CITI tarirninh 
2014 

Oral gavage 18+ years 

Anesthesia 18+ years 

-
Blood collection 18,.. vears 

f DJ(ti) Animal Handling 301' years USUHS Investigator Training 
Ph.D. experience with rats and Animal Handling courses 

and other rodents (several sessions. including 
sessions in fall, 1980 and 
again in fall , 1990); NIH/NIMH 
training courses (several in 
fall, 1981-4) 

Oral gavage 30+ years USUHS Investigator Training 
experience with rats and Animal Handling courses, 
and other rodents 1980. 1990; NIHfNIMH trainino 
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courses 1980s 
Behavioral 30+ years NIH/NIMH training 
Measures experience with rats courses 1980s 

and other rodents 
Biological 30+ years NIH/NIMH training courses 

sample collecticm experience witl1 rats 1980s 
and other rodents 

Anesthetized 30+ years NIH/NIMH training 
Decapitation experience with courses 1980s 

rats; 1000+ 
decapitations 
performed 

Blast tube 5 years experience WRAIR collaboraitfon 2009 -
procedures present 

(b)(6) Will not be NIA NIA 
Ph.D. handllna animals 

Animal Handling 4 years experience USUHS Investigator Training 
with rats and Animal Handling courses 

{Fall , 2010)1; also training by 
DrJD><5> ~nd lab 

_Qersonnel (Fall. 201 0) 
Oral gavage Limited ex15e1rience USUHS Investigator Training 

with rats and Animal Handling courses; 
Will be trained by Pl training by Dr.1(6)(6) land 

Behavioral 4 years experience 
lab .e~rsonnel (Fall, 20110} 
Training by or_fb)(6f and 

Measures with rats lab personnel (Fall , 20110). 
Additional training by Dr. 

lUJ\OJ las needed. 
Biological 4 years experience Training by DrJtbJ(6) l and 

sample collection with rats lab personnel (Fall, 201'0) 
Anesthetized 4 years experience Training by Drllb)(6l 1 and 
Decapitation with rats lab personnel (Fall, 20 ~ 0) 
Blast tube 4 years experience WRAIR collaboration 2010-

procedures oresent 
l\U){tl) Animal Handling 1 year experience USUHS Investigator Training 

with rats and Animal Handling courses 
(Fall, 2013); training by Dr. 

(b)(6) hnd lab personnel 
(Fall & Winter, 2013) 

Oral gavage limited experience USUHS Investigator Training 
I with rats and Animal Handlina courses; 

Will be trained by Pl training by Drl<b)(ol end 
lab personnel (fall , ~ 2013) 

Behavioral 1 year experience Training by Drl<b)(oJ land 
Measures with rats lab personnel (FaU, 2013) 
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Bialoglcal 1 year experience Training by Dr. (bJ(oJ andl 
sample ccllection with rats lab personnel (Spring, 2014). 

Additional training by Dr. 
(D){o) las needed. 

Anesthetized 1 year experience Traiflif"IQ by Dr1(o)(tiJ ano, 
Decaoitation with rats lab ~ersonnel {S~rlno1. 20141 

1(0)101 I Animal Handling 4 years experience USUHS lnvesHgator Training 
with rats and Animal Handling courses 

(SprirH:t. 2011 ); training by Dr. 
(0)(5) land lab personnel 
(Spring, 2010) - -

Oral gavage limited experience USUHS Investigator Training 
with rats and Animal Handling courses.; 
Will be trained by Pl trainin~ 15y Dr.IMl6) land 

lab personnel Fall , 2010 
Behavioral 4 years experience Training by Dr 1\0)(0/ and 
Measures with rats lab personnel ;:,pnni:t ~L 10}. 
Biological 4 years experience Training by Dr (0)(6) and 

sample collection with rats lab personnel (Fall , 20110). 
Additional training by Dr_ 

lDJlOJ las needed. 
Anesthetized 4 years experience Training by Drl(b)(6) l and 
DecaQitation with rats lab personnel Fall , 20110) 

Blast tube 4 years experience WRAIR collabora1tion 2010-
procedures ore sent 

(IJJ[ti) Animal Handling .5 years experience USU HS Investigator Training 
with rats and Animal Handling coiLirses 

(Spring, 2014); training by Dr. 
(OJlO) 1and lab personnel 
(Sprin!l. 2014) 

Oral gavage limited experience USUHS Investigator Training 
with rats and Animal Handling courses; 
Will be trained by Pl training by· orl<b)(6) and 

lab personnel Spring, 2014) 
Behavioral .5 years experience Training by Dr (b)(B) 1 and 
Measures with rats lab ~ersonnei (Spring, 2014) 
Biological .5 years experience Training oy or1t0H0J l andl 

sample collection with rats lab personnel (Spring. 2014). 
Additional training by Dr. 
(b)(6) hs needed. 

Anesthetized .5 years experience Training by Dr. (o)(l:l/ andl 
Decapitation with rats lab personnel <Sorino . 2014) 

\U/\O) I Animal Handling 3 years experience USU HS Investigator Training 
with rats and Animal Handling courses 

(Spring, 2011 ); training by Clr. 
1(6)16> land lab personnel 
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(Sorin~t 20111 -
Oral gavage limited experience USU HS Investigator Training 

With rats and Animal Hjndling courses; 
Will be trained by Pl training by Or. b)(G) land 

lab oersonncl Fall 2011) 
Behavioral 3 years experience Training by Or. {b)(O) land 
Measures 1.vith rats lab personnel 't>orrnQ. 2011 ) 

Biological 3 years experie11ce Training by Dr \Ol{U) land 
sample collection with rats lab personnel (Fall. 2011 ). 

Additiooal training by Dr. 
(O){b) las needed. 

Anesthe·tized 3 years experience Training by Dr.1t0 >(6l land 
DecaRitation with rats lab personnel (Fall . 2011) 
Blast tube 1 year experience \/\IRAIR collaboration (~all, 

procedures 2013) 
(b)(6) I Animal handling, Research Assistant Rodent handling class and 

blood, tissue Investigator Training. 2009, 
collection. Oral 2015. CITI training 2015 

oavaqe 
Kb)(l:ll I Blood collection, co~investigator , 4 Rodent handling class and 

terminal year experrence Investigator Training, 2004 
procedure and CITI training 2014 

formalin fixation. 
histochemistry 

(0)(6) I Animal Handling 1 year experience USUHS Investigator Training 
with rats and Animal Handling courses 

g=a11. 2013); training by Dr. 
I )(6) land lab personnel 
{Fall & Winter, 2013) 

Oral gavage limited experjence USUl-iS Investigator Training 
with rats and Animal Hf'l/ljiing cor sas: 
Will be trained by Pl training by Dr b and 

lab eersonnel F al , 2013) 
Behavioral 1 year experi1ence Trai11ing by owu1101 l and 

- Measures With rats lab personnel (Fart , 2013) 
Biological 1 year experience Training by OrJ1°1101 landl 

sample collection with rats lab personnel (Faill. 2013). 
Additional training by Or. 

~b)(6) las needed. 
Anes tfletized 1 year experience Training by Or.ru1w1 land 
Decaoltation with rats lab personnel (Fall . 2013) 

0){0) Blast Tube 3 years experience WRAIR Aseptic Training 
operation with blast tube (Feb .. 2011 ); Rat Handling 

operations (Feb .. 2011 ); IACUC 
Guidelines for Pl's and Staff 
(Feb., 2011 ) 
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(b)(6) Animal Handling 3 year experience USU HS Investigator Training 
with rats and Animal Handling courses 

(Fall. 2011): training by Dr. 
~D Jl t>) land lab oersonnel 

Oral gavage limited experience UBUHS Investigator Training 
with rats and Animal Hartdlina courses; 
Will tJe trained by Pl training by Dr.1<0l<t5J 3i'id 

lab oersonnel 1 i..arr. 1u11 
Behavioral 3 year experience Training by Dr. ~0)\0) and 
Measures with rats lab P-ersonnel l ~aTI ~011 1 
Biological 3 year experrence Training by Or (b)(S.) and 

sample collection with rats lab personnel (Fall . 20~ 1 ). 
Additional training by Or. 

P l\151 las needed. 
Anesthetized 3 year experience Training by Drl(b)(6) land 
Deca~itation with rats lab oersonnel Fall. 2011 

{01\0/ I Blood collection. Research Rodent handling class and 
terminal Technician, >15 Investigator Training. 2009" 

procedure and years experience cm training 2014 
formalin fix:ation 

(b)(5) Blast Tube 5 years experience WRAIR Aseptic Training 
operation with blast tube (Feb., 2013) ; Rat Handling 

operations (Feb,, 2013): IACUC 
Guidelines for Pl's and Staff 
<Feb., 2013) 

b)(ti) I Animal Handling 1 year experience USUHS lnvestigafor Trainirig 
with rats and Animal Handling courses 

(Fall, 2013); training by Dr. 
(b)(6) land lab personnel 
(Fall & \Ninter, 2013) 

Oral gavage limited experience USUHS Investigator Training 
with rats and Animal Handlino_courses; 
WU be trained by Pl training by Or.I l0)\01 and 

lab oersonnel i:;:;all, 2013) 
Behavioral 1 year experience Training by Dr. KDJ\o) and 
Measures with rats lab ii.Jersonnel 1-alT, 2.0'f: 
Biological .5 year experience Training by Dr. b)(6) and 

sample collection with rats lab personnel (\Afinter, 2013). 
Additiona l training tJy Dr. 

llb)lt5) las needed. 
Anesthetized ,5 year experience Training by Drl<b><6l J and 
Decaoitation with rats lab oersonnel (Soring, 2014} 

OJlO/ Animal Handling 2 year experjence USUHS Investigator Training 
with rats and Animal Handling courses 

<Fall 2012); trainin9 by Dr. 
(b)(6) l and lab personnel 
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Oral gavage 

Behavioral 
Measures 
Biological 

sample collectlon 

Anesthetized 
Deca itation 

limited experience 
with rats 

Will be trained 
2 year experience 
with rats 
2 year experience 
with rats 

2 year experience 
with rats 

vn. BIOHAZARDSISAFETY: During animal handling, all personnel will wear 
personal protective equipment including lab coats. gloves and face- mask to minimize 
the exposure to rat allergens. All personnel included in this protocol will also annually 
visit the USUHS health nurse to discuss their needs and suggestions regarding their 
safety. 

All animal pertusions with formaldehyde w ill be pertonned in fume hood or a ventilated 
table in LAM necropsy room to avoid inhalation of toJCic fumes from formaldehyde. In 
addition, all protocol members will wiear appropriate protective equipment. 

VIII. ENCLOSURES: 
1. See attached letter of support for access to the BOP tube at WRAIR from Dr. 

llb}(SJ I 
2. See attachment for WRAIR's pain assessment score st1eet that is used after 

BOP procedure to determine the level of animal discomfort. 

IX. ASSURANCES: 
As the Principal Investigator on this protocol. I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used 
only in the activities and in the manner described herein, unless a modification is 
specifically approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I t1ave made a reasonable. good faith ettort to 
ensure that this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual 
who is qualified to evaluate the statistical design or strategy of this proposal, and that 
the "minimum number of animals needed for scientific validity are used." 
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IX. ASSURANCES: 
As the Principal Investigator on this protocol. I acknowledge my responsibilities 
and provide assurances for the following : 

A. An imal Use: The animals authorized for use in this protocol will be 
used only in the activities and in the manner described herein. unless a 
modification is specifically approved by the IACUC prior to its 1mplementatJon. 

B. Duplication of Effort: I have made a reasonable , good faith effort 
to ensure that this protocol is not an unnecessary duplication of previous 
experiments. 

c. Statistical Assurance: I assure that I !lave consulted with an 
individual who is qualified to evaluate the statistical design or strategy of this 
proposal, and that the ~minimum number of animals needed for scientific validity 
are used.· 

0 . Biohazard\Safety: I have taken into consideration and made the 
proper coordination regarding all applicable rules and regulations concerning 
radiation protection, biosafety, recombinant issues, and so forth, in the 
preparation of th is protocol. 

E. Training: I verify that the personnel performing the animal 
procedures I manipulations I observations described in this protocol are 
technically competent and have been propeny trained to ensure that no 
unnecessary pain or distress will be caused to the animals as a result of the 
procedures I manipulations. 

F. Train ing: I verify that I have attended the USUHS lnvestigator/Anh1al 
User Training Course. 

lib)(6) I 
. . o~ ! Jg / 2 015 

Principal Investigator Signature Date 

G. Train ing: The following personnel will attend the next USUHS 
Investigator/Animal User Train ing Course : 

H. RHpon• lbility: I acknowledge the inherent moral, ethical and 
administrative obligations associated with the performance of this animal use 
protocol , and I assure that all individuals associated with this project will 
demonstrate a concern for the health. comfort, 'rvelfarc, and well-being of the 
research animals Add1t1onally, I pledge to conduct this study in the spirit of the 
fourth "R" that the DOD has embraced, namely. "Responsibility" for implementing 
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animal use alternatives where feasible and conducting humane and lawful 
research. 

Principal Investigator Signature 

I. Painful Procedure(s): 

~}19/::2-0 15 

Date 

I am conducting biomedical experiments which may potentially cause 
more than momentary or slight pain or distress to animals. This potential pain 
and/or distress WILL or Will NOT be relieved with the use of anesthetics, 
analgesics and/or tranquilizers. I have considered alternatives to such 
procedures; however, using the methods and sources described in the protocol, II 
have determined that alternative procedures are not available to accomplish the 
objectives of this pro1posed experiment. 

l(bj(S) I 0'2 I , 9 l 2 c I 5 

Principal Investigator Signature Date 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number. 

B. Animal Protocol Title: Serotonin Targeted Biomarker and Therapeutic 
Approach in the Treatment of Traumatic Brain Injury (blast) and Posttraumatic Stress 
Disorder 

c. Principal lnvestigatod ..... ~6_><6_! ____ _.!PhD 

0 . Performing Organization: Uniformed Services University of the Health 
Sciences 

E, Fun<iing: DARPA 

F. Objective and Approach: Taken together, a critical factor in blast-
induced mTBI and PTSD lies with the association of cognitive deficits and mitochondrial 
metabolic integrity in the brain. Serotonin is one of the key neurotransmitter, which is 
affected by depression and anxiety (Gardner & Boles . 2011). How serotonin levels 
modulate the stress following bTBI or PTSO is entirely unknown. Our long~term goal is 
to identify the blood-based brain specific protein biomarl<ers of brain injury progression 
and to determine the potential targets for safe and effective therapeutic strategies. The 
objectives of this current proposal are to a) understand the relationship of serum 
serotonin levels, psychological, and biological effects of pre-existing stress on the 
severity of blast injury. and b) examine the potential intervention of sodium pyruvate that 
help to prevent. attenuate, and treat the effects of bTBI and PTSD. The work outlined 
below will test the hypothesis that low serum serotonin levels are associated with the 
severity of stress-related symptoms following recurrent bTBI and PTSD. which can be 
improved by increasing the serotonin level with pyruvate treatment. 

G. Indexing Terms (Descriptors): traumatic brain injury (TBI). post-traumatic 
stress disorder (PTSD). stress, blast overpressure (BOP). serotonin, pyruvate. 
behavioral/biological responses of rats to TBl/PTSO/stress 
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BETHESDA, MARYL.AND 20814--4712 

MEMORANDUM FOR DR. l(b)<s) h*• ,, n:myr~ENT OF ANATOMY, 
PHYSIOLOGY, AND GENETICS 

SUBJECT: IACUC Approval of Protocol - Triennial Review 

The following application was reviewed and approved by the Uniformed Services 
Universiry of the Health Sciences (USUHS) Institution!il Animal Care and Use Comminee 
(IACUC) via designated member review on April 3, 2012: 

1

(6)(6) 
USUHS Protocol Number: . 

Expir@ti2n Date: April 2, 2015 

Supoonina, Grant(s) Numt>er: I .... '6_><
6
_
1 __ ____. 

Name of Principal Investigator: D~ ... 'b-)(6_) ____ _. 

The USUHS has an AnimaJ Welfare Assurance on fi le with the Office for laboratory 
Afiimal Welfare (OLA W), National Instirutcs of Health {NIH). The Assurance Number is 

i(bX6) I The lACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. ·mis review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must he completed prior to the expiration date in order for 
work to be uninterrupted, Prot01;0J expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Alt.hough the lACUC may send reminders, it is Lhe 
investigator's responsibility to submit an annual review fonn (Form 3206A) at least 30 days in 
advance, or a new f onn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJ l(b)(a) lo schedule a 
pre-protocol planning meeting l(b)(§J I This meeting mu.st occur to ensure animal nwnbcrs 
arc loaded in the CART system and LAM resources are available to meet your needs. 

cc: 
Office of Research 

rb)<6) 

ltt>l<6> f b.D. 
Vice Chair, lnstirutional Animal 

Care and Use Committee 

l1anring trJ Cart for 1host in Ham1 Way 
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ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 

PROTOCOLNUMBER: _r_>~_1 __________ _ 

PROTOCOL TITLE: l(bM> 

IACUC Date Stamp 

GBANT TITLE lif different from above l: r >t4> 
l<b)(4) I ...... -------------
usutts PROJECT NUMBER: 1 .... {b)-(B-) -------

FUNDING AGENCY: .... l<
6_l<4_> __ ___, 

EARLIEST ANTICIPATED FUNDING START DATE: 10/16/2011 

p (b)(6) : l(b){6) 

dl';-
Department Office/lab Telephone 

02-/ Z.,3 / 4'2-
Date 

SCIENTIFIC REVJEW: This animal use proposal received appropriate peer scientific 
review and is consistent with ood scientific research practice. 

fJI\>~~! ~a1V- .....Jl._(
6
)_(
6

_> ___ ..,,. u".').3.12.-
Research Unit ignature Title • Telephone Date 
Typed Name: .___ ___ __.MD, PhD 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposat to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessiv~. and the -statistical design is appropriate for the intent of the 
study. 

St~ti$lie'iarr Si~~Jture 
Typed Name._I __ l __ _.!Ph.D. 

P.~~ ((b)(6) 
Departmftnt _ Te_l!f?_._ho_n_e.__ __ -' Date '2 /JJj,. 

ATTENDING VETERINARIAN; In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distre&s, even if 
relieved by anesthetics or analgesics. 

~ 

ignature 
DVM 

L-----r.~b ~6)-----. 
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IACUC Date Stamp 

GRANT TITLE (if different from above}: l{b)(4> 

1
1b><'> I ...... ------------

usuHs PROJECT NUMBER:l .... (
6

_><
5

_> -------

FUNDING AGENCY: l .... (b_R4_) ___ _, 

EARLIEST ANTICIPATED FUNDING START DATE: 10/16/2011 

PRINCIPAL INVESTIGATOR: ! .... (b_><
5
_
1 
-------

Principal Investigator Signatore Department Office/lab Telephone Dale 

SCIENTIJ=JC REVIEW: This animal use proposal received appropriate peer scientific 
review and is consistent with good scientific research practice. 

Research Unit Chief / Dept Head Signature Title 
Typed Name:j'6>(G) I MD. PhD 

Telephone Date 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive. and the statistical design is appropriate for the intent of the 
study. 

Statistician $:nature 
Typed Name:l,_~lu_)<6_l __ _.I Ph.D. 0 rtm 

Telephone 
epa . ent 

Date 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulatrons. 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress. even if 
relieved by anesthetics or analgesics. 

Attending/Consulting Veterinarian Signature 
Typed Namef6)(6) I DVM 
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ANIMAL PROTOCOL NUMBER: ._l(b_><B_> __ _. 

PRINCIPAL INVESTIGATOR: ... r_><B_> ___ __, 

ANIMAL PROTOCOL TITLE: -(16-><4-> ---------------

f 6)(4) 

GRAN.r TITLE (if dJlfarent f~om a~vel:l(bl<4> 
1[6)(4) J '------------------' 

USUHS PROJECT NUMBER: ... l(b-ll5_> _______ ___, 

CO-INVESTIGATORCSl: r >(6) 

TECHNICIANS(S):"'r6 .... l(O .... ) __.... _______ _.__ ________ _____, 

11s)(61 I 

11. BACKGROUND: 

11.1. Back~round: 
The effects 1~! 

The poss~ nty of a terronst attack against civrlians. or m1!1tary troops deployed 
overseas is at present in the minds of both citizens and government officials. Mass 
casualties can be inflicted with Ghemii:.al or biological toxins/weapons. Nerve agents are 
lethal chemical weapons that have been used in war and in terrorist attacks, with 
devastating consequences. Organophosphate nerve agents display a very nigh affinity 
for brain acetylcholinesterase {AChE) (9, 10, 11. 63). Inhibition of AChE by OPs and the 
resulting accumulation of acetylcholine can initiate seizures by activating nicotinic and 
muscarinic receptors, wh ich are widely distributed throughout the brain . These 
receptors are present not only at postsynaptic sites in cholinergic synapses. but also on 
presynaptic terminals of both excitatory and inhibitory synapses, regulating the rerease 
of glutamate and gamma-aminobutyric acid (GABA) (37, 108). Therefore , it is 
conceivable that OP-induced inhibition Of ACtiE can tilt the balance between tne two 
major excitatory and inhibitory neurotransmitter systems-glutamatergic and 
GABAergic, respectively (38, SS). One of the clinical manifestations of exposure to 
nerve agents is seizure activity and status epilepticu s (SE), which can lead to death or 
brain d · -term c nitive and other b h vi r uences 8 35 56 

1 

,___ __________ ~ 
USUHS Form 3206 - Revised Ociober 2008 
Previou~ ...erslons are cbsole1a 

Current medical countermeasures against nerve agent 

2 



_____ _.This is very important because in an emergency situation there is no 
opportunity for pretreatment. Our ultimate goal is to develop a medical countermeasure 
against nerve agents that will effectively stop seizures and protect from brain damage 
and the resulting beh · io af · · · · 
term adverse effects. 

(b)( ) 

(bJ(4) First. let us examine if the existing literature 
suggests differential propensity for seizure generation , and, thereby, differential 
smmeptibility to seizurogenic agents between ge11d12rs and in different ages. It is well 
documented that young animals and humans are more prone to generating seizures 
than adults, but the neuropathology induced by seizure activity is less severe and more 
transient in the developing braina (41 , 42; 67). It is particularly relevant to mention that 
pilocarpine-induced SE causes inflammation and epileptogenesis in rats, but not in 
infant rats (64). Aged humans (45, 56) and animals (68.110) are more susceptible to 
both seizures and the associated neuropathology compared to adults. Gender-related 
differences in ~elzure susceptibility exist in animals and humans (47). but more 
research is needed to clarify and categorize these differences. For example, in humans, 
males have a greater susceptibility to SE, !Jut females have a higher incidence of 
idiopathic epilepsies (231 74), In animals; male rats also are more susceptible to limbic 
seizures and SE than female rats {94, 83), but aged female mice are more sensitive to 
kainie acid~induced seizures (113). There are only few studies on the age- and gender
dependency of the susceptibility to neive agent toxicity. In guinea pigs, the lethal 
potencies of VX and sarin are significantly higher in the adult males than in any other 
age .or in females (30). In rats, the lethal potency of soman is greater in 5 day=old rats 
than in 30 day-old rats (106). and in the young (up to 30 days) and the aged males, 
compared to the adults (101 , 106). suggesting that the toxitity of soman during an 
animal's life span approximates a U-shaped curve (101). Our proposed studies will yield 
data on the ageA and gender-related su~ptibility to soman toxicity and lethality. Based 
on the limited information available, as reviewed above, our working hypothesis is that 
the LOSO will be lower in the immature and aged rats (greater susceptibility/lethality to 
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soman), greater in female rats or similar to the LD50 in males; but the soman~indured 
neuropathology -which will be examined at multiple points, 24 hours, 1 week, 1 month, 
and 3 months after soman exposure~ will be lower in the immature rats, and the 
recovery of the damage will be faster (the reverse will probably be true in the aged rats). 
It iS also possible. however, that the soman·indueed SE in the earlY l)Osmatal rats will 
produce disruption in the normal brain development, which will become evident in the 
behavioral studies Drooosed here. 

(b)(4) 

{bX4> I On an acute basis. GABA agonists in developing rats can facilitate instead 
of suppressing seiZures (82), In response to metabotropic glutamate receptor
anticonvulsants, different responses have been observed even In a narrow range of 
young ages {7 to 25 day-<>ld rats) (66), and, in general, young rats are more responsive 
to NMDA and non-NMDA receptor antagonists used as anticonvulsants compared to 
adult rats (67). Aged animals and humans also differ from other age groups in their 
responses to anticonvulsants, one r6a in e different ha acokinetics in the 
aned o anism 45, 58, 68, 11 O 

Slgnmcance of stutlflnO the prtrtection of tht amygdafa, the hippocampus, and 

~~~ r~~= ; ~- •ra ""° ra•soo• ~·t. - I 
choose to study these structures. First. the amygdala and ttae hippocampus are se1zure
prone structures that play a central role in temporal lobe epilepsy, which is the most 
common fonn of epilepsy, the (5, 6, 7, 76, 85). It is not surprising therefore that the 
.amygdala and the hippocampus also appear to play a central role in the generation of 
seizures induced by nerve agents (4), as suggested by the rapid increases in 
extracellular glutamate in these brain regions after nerve agent exposure (52, 53, 54), 
and the profound damage these structures suffer b e osure to nerve agents (2, 4, 12, 
~ . - . . 10~ 104 111 . ( ) 
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<b 4 e secon reason is t at t e amygda a, t -e tuppocampus and the 
prefrontal cortex are the most important brain regions in affective and cognitive 
functions. The amygdala is best known for its centrat role in emotional behavior. being a 
key component of the brain's neuronal network that detennines the emotional 
significance of external events (25, 29, 61 ). Many emotional/psychiatric disorders are 
associated with pathophysiological changes in the amygdala (21. 28, 88, 109), In 
addition; both the amygdala and the hippocampus play a pivotal role in mediating or 
modulating cognitive functions (26, 61). The amygdala modulates memory acquisition 
and consolidation, decision=making. and interpretation of the emotional significance of 
external and internal events via extensive, reciprocal connections with the preffontal 
cortex (36, 84) (the brain a'ea considered to b@ the center for cognitive functions) and 
the hippocampus {76) . long-term memory storage is thought to occur in neocortical 
areas. but the amygdala appears to be the site for storage of fear-memofY (29. 65), 
whereas the hippocampus is the storage site of short-term memory and the gateway for 
consolidation of Jong-term memory in neocortex (20. 33, 60). Therefore, damage to 
these regions is likely to be significantly responsible for the long-term cognitive and 
behavioral deficits that follow nerve agent exposure, in both animals (9, 50, 51, 69, 70, 
71. 72, 73) and humans (18, 27, 77, 81 1 97). Forthese reasons it is important to 
determine the neuropathological and pathophysiological changes induced in the 
amygaala. hippocampus and prefrontal cortex by soman.1(6)(4) 

PrMiress from the orevlous Drotocol 
(b)(4) 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: Databases searched: BRO (Biomedical 
Research Database). DOAC (DTIC Online Access Controlled)"' Technrca f Reports. 
DOAG Research in Progress. FEDRIP, PubMed. Web of Science 

11.2.2. Date ctf_S_e_a_cc_h: 30 January 2012; Search#: P20120119 

11.2.3. Period of Search: 1985-2012 
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11.2.4. Kev Words and Search Strateav: •(oJ(4J 
(b)(4) 

11.2.5. Results of Search: 

Database Number of Results 
PubMed'" 37 
Web of Science* 27 
DOAC 199 (includes o in BRO) 
FEDRIP 1 

_!otal all databases 261 

No citations were found, other than our own work, to usel<bJ(4J 
[0)(4/ 
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female rats. The 16-20 month category is designated as "aged" by the supplier, and 
even 8 month-old male rats have been shown to be more sensitive to soman than 
immature or adult rats { 101 ), After e)(posure to soman, the animals will be euthanized at 
24 hours, 1 week, 1 month. or 3 months to evaluate nerve agent-induced pathology. 
Neuronal loss, using design-based stereolOgy, and neurodegeneration. using Fluoro
Jade-C staining will be studied in the amygdala , hippocampus, and prefrontal cortex, at 
24 hours. 1 week. 1 month, and 3 months after soman exposure. 

In specific a im 3 we will determine whether treatment of immature <7 to 14 days-old) 
and adult (50 to 70 days-old) male and female rats withl(b)(a) I 
protects the animals against the behavioral alterations that are observed afterl._(b_)(4_) __ 
1!6)(4) I At 1 month and 3 months after soman exposure, we will perform a 
comprehensive neurobehavioral evaluation in these animals. These tests will evaluate 
ffiRtor. cognitiye, ronemonj¢ and emptional aboprQlalities known to be associated with 

I<){~ JMotor p~rformance will be evaluated 
using the roto-rod test; performance on this test has been shown to be reduced in rats 
following soman exposure (32). Cognitive impairment will be determined using tests for 
novelty preference in the open field, and mnemonic cognitive processes will be 
evaluated using the t-maze test, performance in which has also been shown to be 
affected by soman exposure (32, 78). Finally, emotional behavior will be evaluated by 
measuring the acoustic startle response/pre-pulse inhibition. and with tests of 
unconditioned fear (lighUdarK bo)(eS, elevated plUS'"f'Y'la2e); increases in these responses 
have been seen following exposure to soman in rats (25). 

In specific aim 3 we w ill also determine whether treatment of immature (Lio...U dJUIS; 
old) and adult (50 to 70 days-old) male and female rats with._l<b_R4_> _______ .... 

protects the animals a. ainst alterations in s na tic lasticl and neuronal excitabilit · 
that are ob_served afte (bX4l 

Behavioral and pathophysiological studies will be performed in both the immature and 
the adult male and female rats, but not in the aged animals, where variability among 
rats in cognitive/behavioral and physiological functions may be very high even in the 
control rou makin it difficult to determine the deficits resultin from th 

JV. MILITARY RELEVANCE:l10
'(

4
' 

(b)(4) 
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V. MATERIALS AND METHODS: 

r I Procedures: 

V.f. f. Experiment 1~ 

A week prior to the experiments. 50% of the adult and aged, male and female rats in 
experiment 1 will be implanted with cortical electrodes for electroencephalogram (EEG) 
recordings. These EEG recordings will be used to confirm the onset and intensity of 
behavioral convulsions observed in the rest of the animals. For the EEG recordings, 
along with behavioral observations, the timing (time to onset and duration) and the 
intensity of 'seizures will be measured via continuous EEG monitoring. Anima ls will be 
placed in individual recording chambers, and a baseline EEG will be obtained before 
administration of any drug. 

The immature rats will not be implanted with cortical electrodes and the timing (time to 
onset and duration) and the intensity of seizures will be measured via behavioral 
observations. 
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(b)l4) 

<blC4l !The d~termination to classify a seizure: as 
being terminated wifl be the progressive diminution and eventual elimination of repetitive 
high amplitude spikes or sharp waves in the EEG and the absence of oov1ous signs of 
clonic convulsive behaviors. For a seizure to be considered terminated the EEG will 
have to be free of repetitive high amplitude spikes or sharp waves within the 3-hour 
EEG reoording period on the day of exposure and during the 30-min EEG sample 
obta ined 24 hours after exposure. 

The following dependent measures will be used to establish the effectiveness of the 
drug treatments: the speed (latency) at wliich the EEG "normalizes>( following drug 
treatment. the overnight change in body weight and the extent of the neuropathological 
damage at 24 hours, 1week,1 month, and 3 months after soman exposure. With the 

rotocol described above we ex ect ave hi h survival rate. However, 
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(b)(4/ 

I 
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Kb)(4) 

Considerations regarding Experiment 1: 
1) In a pre\lious protocol we have obtai1'11 neumoatho!ogy data for adult male raf$ 

at 24 hours and 1 week after soman ( 1< r lexpo!mre; 
but not at 1 month and 3 months after exposure. In this study we will perform 
additional experiments in adult male rats at 24 hours and 1 week after soman, 
which are necessary for comparisons with other agei and the females. 

2) The age we chose for the immature rats (7 to 14 days old at which time ttley 
open their eyes) coincides with the rapid developmental ctlanges in the brain. 
The gender of the immature rats may not be possible to determine at the tine of 
soman exposure, but it will be determined at 1 week, 1 month and 3 months after 
soman exposure. when neuropathology and behavioral studies will be carried 
out. The same issue applies to the (nominally female) immature ral$ in 
Experiment 2, and it is expected that the numbers of male and female aninals 
will even out between the 2 experiments. If not. additional animal& will be 
ordered. 

V .1.2. Exoerimtnt 2: 

The experimental design of Experinent 2 is exactly the same as dese1ibed in 
Experiment 1 with the exception of the use of female rats. 
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\ IJ)\'f) 

Immature, adult, and aged female rats will be randomly assigned to groups per Tables 
4, 5, and 6 below: 

(b)(4/ 
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(DJ\4) 

Consldetations regarding Expetfment 2: 

1) The age we chose for the immature rats (7 to 14 days old at which time they 
open their eyes) coincides with the rapid developmental changes in the brain. 
The gender of the immature rats may not be possible to determine at the time of 
soman exposure, but it will be determined at 1 week:. 1 month and 3 months after 
soman exposure. when neuropathology stud ies will be carried out. 

2) In the female rats, the estrous cycle will be monitored, and if the results show 
that it influences the variables under study (susceptibility to the soman·induced 
SE and behavior in particular). then tile estrous cycle will be take.n into account in 
the analysis and presentation of the results. 
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\1.1.3. Exeeriment 3: 

In specific aim 3 we will determine whether trea~ of jm;:re a to 14 days old) and 
adult (50 to 70 days old) male and female rats wit !bl<4> brotects the 
animals against the behavioral alterations that are o~serve ~a er nerve agent exposure 
(Experiment 3A). At 1 month and 3 months after soman exposure, we will perform a 
comprehensive neurobehavioral evaluation in these animals. These tests will evaluate 
motor. cognitive, mnemonic and emotional abnormalities known to be associated with 
e)(posure to soman and other organophosphates. Motor perlormance will be evaluated 
usin.g the roto-rod test performance on this test has be~n shown to be reduced in rats 
following soman exposure (32). Cognitive impairment will be detennined using tests for 
novelty preference in the open field, and mnemonic cognitive processes will be 
evaluated using the t-maze test. performance in which has also been shown to be 
affected by soman exposure (32, 78). Finally, emotional behavior will be evaluated by 
measuring the acoustic startle response/pre=pulse inhibition, and with tests of 
unconditioned fear (light'dark boxes. elevated plus-maze); increases in these responses 
have been :seen following exposure to soman in rats (25). 

Jn specific aim 3 we will also perform electrophysiological experiments to determine 
whether treatment of immature {7 to 14 jays old) and adult (50 to 70 days old) male and 
female rats with(tb)(!) . .. k>rotects the animals against alterations in 
synaptic plasticity and neuronal excitability that are observed after nerve agent 
exposure (Experiment 3B). At 1 month and 3 months after soman e)(posure. rats will 
be eulhanized, and brain slices containing the amygdala, hippocampus and prefrontal 
cortex will be prepared. Alterations in neuronal excitability and synaptic plasticity (long~ 
term potentiation) in these three brain regions will be performed using both whole-cell 
recordings and extracellular, field potential recording techniques, 

Behavioral and electroptwsiological experiments will be conducted In both immature 
and adult male and female rats, but not in aged animals. Variability among aged rats in 
cognitive/behavioral and physiological propenles may be very high even in the control 
group, making it difficult to determine the fun.~· WLUI.~· ;.u· ~~LW.C· lS1JtJ:2CD.JIWW~.Y!filt-. 
to soman and the rotection conferred b th b < 

(b)(4) 

Experiment 3A: To detennine whether treatment e>f immature <7 to 14 days old) and 
adult (50 to 70 days old) male and female rats wlt~<b)(4) protects 
the animals against the behavioral alterations that are observed after nerve agent 
exposure. 
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(b )(4) 

.A week prior to the experiments, 50% of the adult and aged, male and female rats in 
experiment 1 will be implanted with cortical electrodes for electroencephalogram (EEG) 
recordings. These EEG recordings will be used to confirm the onset and Intensity of 
behavioral convu lsions observed in the rest of the animals. For the EEG recordings, 
along wtth behavioral observations, the timing (time to onset and duration) and the 
intensity of seizures will be measured via continuous EEG monitoring. Animals will be 
placed in individual recording chambers, and a baseline EEG will be obtained before 
admin istration of any drug, 

The immature rats will not be implanted with cortical electrodes and the timing (time to 
onset and duration) and the intensity of seizures will be measured via behavioral 
observations. 

{D)\4) 

lP1(
4l IThe determination to clas~ify a seizure as 

being terminated will be the progressive diminution and eventual elimination of repetitive 
high amplitude spikes or sharp waves in the EEG and the absence of obvious signs of 
clonic convulsive behaviors. For a seizure to be considered terminated the EEG will 
have to be free of repetitive high amplitude spikes or sharp waves within the 3-hour 
EEG recording period on the day of exposure and during the 30~min EEG sample 
obtained 24 hours after exposure. 

(b)(4) 
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We will perform a comprehensive battery of behavioral and nel.lrological tests (see 
Section V.4.4 6 Behayj;:a! St:1di:s) :~ thel(b)/4) !rats, thel(bJ(4) 
(16)(4) . 11 month and 3 months 
after soman exposure.esees s wi evaluate motor, co__gnitive . .mn~mooic_and 
emotional abnormalities known to be associated withl(b)(a) I 

1<6)(4) I Motor performance will be evaluated using the roto-rod test; 
erformance on this test has been ~hewn to be redueed in rats foflowingltb)(4) I 

(oH41 Cognitive impairment will be determined using tests for novelty 
p·reference in the open field, and mnemonic cognitive processes will be evaluated using 
the t-ma.ze test. performance in which has also been shown to be affected by'-116_)(4_) __ _, 

l(bl(4l I Finally, emotional behavior will be evaluated by measuring the 
acoustic startle response/pre-pulse inhibition. and with tests of unconditioned fear 
(lighVdark boxesj elevated plus=maze); increases in these responses have been seen 
followingl(b)(4) lin rats (25). 

Immature and adult male and female rats will be randomly assigned to groups per 
Tables 7, 8, 9. 10, 11, and 12 below: 

(b)(4) 
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· lDJ(4) 

Immature 7 to 14 da . old . and adult 50 to 70 da-ys old) male and female rats will be 
( One month or three months after 
( 

Pathophysiological alterations will be studied in in vitro brain slices containing the 
amygdala and hlppocampus and in slices from the prefrontal cortex. These studtes will 
be performed using both extracellular. field potential recording techniques and whole· 
cell recordings. 

(O)l4) 
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vivo, information obtained using non-animal models may not accurately reflect a drug's 
action in a whole animal. 

V.3.2. Animal Model and Seecies Justification: Immature (7 to 14 days old), 
adult (50 to 70 days old). and aged (16 to 20 months old) Male and Female Sprague· 
Dawley (SD) rats (Rattus norvegicus) will be used for these experiments. SD rats have 
been chosen as a suitable species ahd animal model for this research because they 
have been extensively used in nerve agent research to eva luate new medical 
countermeasures. Also. the SD rat is a primary model used in studying the 
pathoptwsiology of the amygdala1 hippocami;ius, and prefrontal cortex. Consequently, it 
is helpful to use the same animal to make comparisons with the literature. Rats can 
ptovide up to eight 400-µm thick brain slices per animal. By using the SO rats, we can 
produce high quality slices and thus facilitate and expedite the acquisition of data. The 
rat brain slice preparation allows stable whole-cell patch clamping recording and various 
pharmacological manipulations under controlled conditions. Thinner slices can easily be 
prepared for morphological staining. Lactating surrogate mothers will be required to 
accompany the rat pups that have not yet been weaned . 

V.3.3. Laboratory Animals: Not! that an animals used in Ex~eriments 1, 2 and 3A and 
B will be purchased and received by the principal investigator(6)(6) jat USUHS. 

Species #1 Species #2 
V.3.3.1. Genus & Species: Rattus norvegicus 

V.3.3.2. Strain/Stock: 

V.3.3.3. SQ_urceNend_or: 

V.3.3.4. Au: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

v .3.3. 7. s pee la I Cons Ide rations: 

USU HS Form 3206 - Revised October 2008 
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Sfirague-Dawley 

l(b)(4) 

7-14 days {males and 
females) 
50-70 days (males and 
females) 
16-20 months (males 
and females} 
Adult lactating retired 
breeders (age to be 
determined by vendor) 

Appropriate for age at 
time of delivery 

Male and Females for 
experimental animals 
Female for lactating 
surrogate mothers 

Lactating surrogate mothers (retired breeders 
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from the supplier) will be required to travel 
with the immature rats that have not yet been 
weaned and to be housed with pups at 
USUHS. Single housing is required after EEG 
surgery on adult and aged rats to prevent 
an imals from interfering with implant healing. 
Single housing is also required after agent 
exposure when animals may still be sick or 
debilitated. Animals may be pair-housed until 
the day of surgery. after which they must be 
singly housed. 

V.3.4. Number of Animals Required (by Species): 
!O)l4 ) 

V.3.5. Refinement. Reduction. Replacement (3 Rs}: 

V.3.5.1. Refinement: 
Rats will be anesthetized w ith isoflurane and reach a surgical plane of anesthesia for 
restraint purposes before decapitation for preparation of brain slices. All EEG surgery 
will be performed under appropriate anesthesia and pre-and post-surgical analgesics 
will be used to relieve pain. Any rat exhibiting signs of pain or impairment beyond that 
from this model will be euthaniZed at an early endpoint per paragraph V.4.5. 

V.3.5.2. Reduction: 
Use of an in vitro brain slice preparation in Experiments 38 allows the harvest of 
multiple brain slices per rat, thus significantly reducing the number of animals needed to 
obtain the proposed data. Power c-alculations have been performed to determine the 
minimum number of rats needed to reach statistical significance for each experiment. If 
the first 6 animals in in vivo treatment groups (Experiments 1, 2 and 3A and B) survive, 
the remaining 4 animals will not be ordered. 

V.3.5.3. ReQJacement: 
Biological response to drug treatment is highly complex; no alternative to animal 
experimentation is available or practical. W~ are using a rodent model (rat) versus a 
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the first G animals in in vivo treatment groups (Experiments 1. 2 and 3A and S) survive. 
the remaining 4 animals will not be ordered. 

'V.3.s.3. .R•place1t1arnt,: 
Biologaca~ respon~ to drt!ig trreatment Is. hig!hly complex: no alternative to i!fil1riia[ 
·~Yxperime:nta~iori ~s available ior practical. we are rusing a r~tient model (rat) versus a 
nonhuman prrimate model. The rat model is the r1east rsentient and smallest animal 
lfl\odel we co1uld use for this study and still obtain acce:ptable results. Jn addliiJon, "!Ne will 
!Perform a serr'ies of morphologleal measurements that require a sufficiently large anima11 
to assme that there ris sufiflcienl brain rnass for multiple samplings. Mice would not rtJe 
.sufficient. 

V .4. T•cbnicalJ.1etbod1c; 

V.4.·1 • . Pain I Di1tr11• Aa:sp.Jmtn_t: 

V.4.'1.1. Af'HIS Form 1023 lnfqrmaUgo: 

In this protocol 288 lactating mothers frorfl Experiments 1, 2, and 3A and 6 will be 
avai1able for transfer for tralniflg orexpen'mental purpose's, or euthanized If they cannot 
be used (Column 18), Six rrnndred eight (608) ma~e SO mts .from ~xperfment 1 a1u1 3A 
and B and GOB female SO 1rats from E~1riment 2 and 3A and B will r eeive arn injection 
of saline instead of nerve age1nt in combination wit and 
therefore will experience no pain (Co1lum111 C), Elicht hundre (' '00· malle , 0 rats from 
Experriment 1 and JA and B arnd .aoo 'female SD rats fr,ol'fl E.)(jpel'iment 2 all'ld 3A and 8 
wili be injected w1ith nerve agent and experiernce intense seitures. While the 
dru9sitreatrnents under investigation may reverse some of these signs during certain 
rphase-s of these experiirnerrts. these animals will experience some level of sei~ure or 
1physieal stress ahd d,lscomfort torr some period of timed uring the experiments and will 
lbe 1inclutled in Column E (Norn-alleviated pain). 

'1.4.1.1..t. Number of Animals! 

V.4.1.1.1.1. 

v .4.1.1.1.2. 
V.4.1.1.1.3. 

ColumnC; 
Cohrmn D: 

r:=- rt 

Coh1unn E~ 

Species #1 
1(6)(4) 

0 
l(b)(4) 

V.4.1.2. Pain R«t1ief I PrtFv&rntlon: 

S.Qecles#2 

V.4. 1.2.1. AnesthesiJl/Ma~gasiaffiranguiHlzaJJ20: 
For surgfcef Implantation of cortica.f eltctrrodea f!Jr ~G recordings in ExPfJri~ent 
3, animals will receive one dose of buprenoriJ>hlne (0.05 mg/kg s.c,} before a1ny mc1s1ons 
are made. T1he animals will be ane'sthe:ti:zed with isoflutane (3% for induction, 2.0-2.5% 
for maintenan·ce: with oxygen) . . Anesthesia will be induced by isoflurane vapor in 100% 
oxygen ~n a commercially available anduction chamber. Once anesthesla. is induced, 
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animals will be transferred to the designated surgery area and anesthesia will be 
maintained via nO$e cone. To monitor the depth of anesthesia (including during surgery 
time) we will test whether the animal has k>st its toe pinch (pedal withdrawal) reflex. 
Prior to incision, animals will receive bupivicaine at electrode placement sites (infusion 
of surrounding tis-sue), at a maximum of 0.2 ml within any one animal, and 
buprenorphine HCI {0.05 mg/kg. s.c.) to assist in post~perative pain management. 

Following surgery for implantation of cortical electrodes, animals will receive 
buprenorphine HCI (0.05 mg/kg, s.c.), which will be given at a minimum one time at the 
end of the day of surgery, just b~fore clo$e of busine$S. This is in addition to the 
preemptive dose given prior to surgery. All surgeries should be performed in the AM. 
Additional doses may b~ given every 8-12 hours, up to 3 days after the surgery as 
needed, in consultation with the attending veterinarian. 

The buprenorphine dose may be increased, up to a dose of 0.25 mg/kg l.m. or s.c. at 
each buprenorphine dosing time point. depending on the pain status of the animal. 
Dose will not be adjusted without approval of the attending veterinarian. 

For brain pathology studies, the animals will be anesthetized with 75-100 mg/kg, i.p .• 
sodium pentobarbital prior to euthanasia. 

V.4.1.2.3. ParalytlC9: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful procedures: 

V.4.1.3.1. Sources Sean~hed; ; BRD (Biomedical Research Database)i DOAC (DTIC 
Online Access Controlled)* Technical Reports, DOAC Research in Progress, FEDRIP, 
PubMed, Web of Science 
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V.4.1 .3.2. Date of Seuch~ 30 January 2012; Search#: P20120119 

V.4.1.3.3. Period of Search: 1985=2012 

V .4.1.3.4. Ke" Words of Search: ftbl<4> 
(b)(4) 

V.4.1.3.5. Results of Search: 

Database Number of Resutts 
PubMed• 
Web of Science· 
FEDRIP 
Total all databases 

"Duphcate citations removed in PubMed/Web of Science bibliography 

I 

4 
23 
5 

32 

The references found in this search cited the use of several in vitro models, including 
primary neuronal cultures and acute and organotypic hippocampal slices. The cited 
studies investigated prot~ction from neurotoxicity, release or uptake of 
neurotransmitters , gene expression, and electrophysiological ettects of ACh stimulation. 
We wffl use hippocampal, amygdala. and prefrontal cortex slices in th is protocol . None 
of the other models offer any advantage O\tEf the slice preparations we propose to use_ 
None are able to duplicate the behavio ral convulsions. electrograph ic seizures, or brain 
damage produced in an in vivo animal model. which are necessary lo evaluate 
anticonvulsant and neuroprotective drugs. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
There is no alternative for inducing bra in damage in rats that mimics the damage 
caused by neNe agents to determine wltether a compound is neuroprotective. The only 
way to determine the neuroprotective efficacy of a putative drug is to cause actual 
status epiiepticus in an animal model to induce damage prior to administration of ttre 
neuroprotective compound and to determine the number of sufViving neurons. 

(b)(4) 
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(b)(4) 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: 

V.4.3.1. Pre;1urgica1 Provlsk>ns: 
A week prior to the experiments, 50% of the adult and aged, male and female rats in 
experiment 1 will be implanted with cortical electrodes for electroencephalogram (EEG) 
recordings. These EEG recordings will be used to confirm the onset and Intensity of 
behavioral convulsions observed in the rest of the animals. For the EEG recordings, 
along with behavioral obseNations, the timing (time to onset and duration) and the 
intensity of seizures will be measured via continuous EEG monitoring. Animals will be 
placed in individual recording chambers, and a baseline EEG will be obtained befor~ 
administration of any drug. 

The immature rats will not be implanted with cortical electrodes and the timing (time to 
onset and duration} and the intensity of seizures will be measured via behavioral 
observations. 

The surgical procedures will be performed aseptically following the guidelines of the 
SOP from USUHS (VSD SOP 22-300). Animals wifl receive one dose of buprenorphine 
(0.05 mg/kg s.c.) before any incisions are made. Anesthesia will be induced by 
isoflurane vapor in 100% oxygen in a commercially available induction chamber. Once 
anesthesia is induced. animals will be transferred to the designated surgery area and 
anesthesia will be maintained via nose cone. See Section V.4.1.2.1 
~esthesia/Anatgesia!Tranquilization for details. 

When the animal is anesthetized, its head will be shaved with a hair clipper. The head 
will be cleaned with betadine and alcohol. each repeated 3 times alternately. Then the 
animal will be placed into a stereotaxic frame (appropriate frame size will be used for 
rats) after treating its pressure points such as ears and nose with lidocaine jelly. A 
heated pad with thermister-controlled feedbac.k will be put between ttie animal's body 
and the base of the stereotaxic frame. Ophthalmic ointment w~f be applied to the eyes 
to prevent dryness. The body will be covered with a sterile drape with an opening to 
expose the head. Prior to incision, animals will receive bupivicaine at electrode 
placement sites (infusion of su11ounding tissue) to assist in pain management. The 
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injection volume will be limited to the minimum required for pain control, to minimize 
health risks. Care will be taken to avoid systemic effects. 

V.4.3.2. Procedure: 

The skin will be incised longitudinally along the midline from eye level to the neck level 
and retracted to the sides with hemostats. The periosteum will be scraped off from the 
skuH. Five stainless steel machine screws (the smallest possible size that provide 
adequate anchoring) will be used as electrode contact and simultaneous anchoring 
points for the headpiece that will be built from acrylic cement to secure the female 
electrode connector in place. The screws will be manually positioned in the frontal or 
parietal bone plates and one over the cerebellum. The screws will be partially screwed 
in manually without penetrating the dura mater. 

V.4.3.3. Post-surgical Provisions: 

Excess cement will be removed from the headpiece to make its edges smooth. If 
necessary, skin will be sutured at both ends of the incision line. The sutures (suture 
thread - non-absorbable nylon) will be performed with the help of atraumatic needles 
with suture size #0. The animal will be released from the stereotaxic frame and placed 
in a recovery cage on a chemical pocket warmer wrapped in cloth or paper until the 
animal fully recovers from anesthesia. Alternatively, the animals may be placed in a 
forced-air recovery chamber warmed to 34 °C. Once fully awake and performing 
purposeful movements, the animal will be moved back to the holding area. At least 7 
days will be allowed for recovery after surgery before any experimentation. Removal of 
stitches will occur 7 days after surgery. 

Only the rats that maintain good health following the surgery will be used for 
experiments. This decision will be jointly made by the animal-care personnel and the 
investigators. All efforts will be made to provide all animals with the best care possible. 
Each animal will be individually monitored throughout the study by experienced 
personnel from our laboratory. We will also closely work with the veterinarian and 
animal-care staff of the animal facility to ensure that adequate treatment is provided in a 
timely manner should it be deemed necessary. 
After surgery, the animals will be placed in a clean cage provided with a recirculating 
warm-water veterinary heating pad or in a forced-air recovery chamber warmed to 34 °C 
to maintain proper body temperature. After recovery from anesthesia (evidence of 
righting reflex and purposeful movements) the animal will be given at least one dose of 
an analgesic, buprenorphine HCI (0.05 mg/kg s.c.), for post-operative analgesia, which 
will be given every 8-12 hours up to 3 days after the surgery. The medication will be 
administered by the by Pl or by qualified Pl staff. If necessary, based on consultation 
with the attending veterinarian, additional buprenorphine may be given as needed. 

Additional doses of buprenorphine will be given if required, based on assessment of Pl 
and attending veterinarian of animal's condition, which will include assessment of the 
presence of the following signs of pain/distress: hunching, abnormal gait, abnormal 
attitude (increased or decreased aggression), inability to move to food/water, excessive 
porphyrin staining of eyes/nose, shuddering or twitching, unkempt appearance, and 
vocalization when handled. 
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Following at least 1 hoor on the warming pad or in a forced-air reco11ery chamber, upon 
full recovery in which the ani'nal can maintari an upright posture and is ambulatory, the 
animal will be returned to its holding mom cage. Laboratory personnel will provide the 
care of the animal until full reco11ery if it has not already occurred . All animals wHI be 
cheeked at least once 30 minutes after return to home cage, to ensure recovery is 
continuing, and at least once again just prior to the end of the work day to ensure 
animals are recovering normany. Animals will be examined at least once daily oy the Pl 
staff for one week post~surgery to ensure that no complications occur. Observations will 
be recorded for each animal in a place that is accessible to the animal care staff (post
surgery cage cards may be used for this purpose). Pl staff observations will be separate 
from routine observations conducted by the animal care staff. 

v ., .3.4. L.ooatioo; 
~es (implantation of electrodes) will be performed at lJ~UHS jo LAMi Ro9m 
~uthanasla and perfusions will be performed in rooRJ!( 1~ ; jat 

USUHS. Euthanization will occur in chemical hoods in L..1(6_)(6_) ____ ___, 

It is anticipated that all of the EEG surgery will be performed at USUHS (LAM). 

V.4.3.5. Suraeon: 
rb)(6} 

V.4.3.6. Multiple Malor Survival Oeerative Procedures: NIA 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scie.ntific Justification: N/A 

V.4.4. Animal Manipulations: 

V.4.4.1. !n!ections: . . 
All drug injections (including drugs injected to induce anesthesia/euthanasia) will be 
erformed usin 1-ml s in es fitted with 25 .. 26 au e, 1/2"or 5/8" needles. Injections on 

b) 

( >< utilized in this 
protocol will be prepared at concentrations to deliver vo umes o . mllkg. Anesthesia 
and analgesia will be administered as described in Section V.4.1.2.1 
Anesthesia/ An a lgesia!Tranqu ilization. 
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(b)(4) 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody <MAbs) Production: NIA 

V.4.4.5. Animal Identification: 
Cage cards, headpieces numbered with nontoxic ink. This will be the responsibility of 
the USUHS research team. 

V.4.4.6. Behavioral Studies: 
The following procedures will be performed at the USUHS: 

Rotarod test: It measures an animal's ability to maintain balance by coordinating 
movement and making postural adjustments. It also measures the ability to improve 
these skills with practice. Each rat rotarod treadmill c-0nsists of a motor-driven drum 
with constant speed or accelerating speed modes of operation. The drum (7 .0 cm 
diameter) allows each animal to maintain a suitable grip. It is divided Into fou r test 
zones (8.9 cm wide) so that up to four animals may be tested at the same time. The 
device consists of a smooth hard plastic cylinder with concentric circular plastic sides 
(39.7 cm diameter) to prevent the rat from laterally climbing off the cylinder. Rats are 
placed on the device facing the wall with the rod rotating in the direction opposite from 
the animal (so that the rat uses its paws to pace forward and avoid falling off ttte rod}. 
When a rat falls off the rotating drum (height of 26.7 an), it breaks a photobeam, 
stopping the timer associated with that zone. In each trial. the speed of rotation is 
increased from 0 revolutions per minute (rpm) to 35 rpm for a maximum of 3 or 5 min. 
The mean duration on tile device (based on 3 consecutive trials) is recorded. 

Preference for Novelty (Open Field~: Testing will be performed in a Plexiglas cage 
(56cm x 34cm x 20cm) with the floor divided in 1 B equal squares. Three identical 
aluminum cubes will be evenly distributed in the cage in fixed positions. Three other 
cubes will make us> the novel objects. One novel object will be similar to the neutral 
cubes in that its top will be uneven with tracks making up a square pattern (tactile 
stimuli) . One novel object will be identical with the neutral objects except that a slight 
smear of cheese will be placed on the slde facing the experimenter (olfactory stimuli). 
The third object will be similar to the neutral blocks except that it will be slightly smaller 
with uneven sides (visual stimuli). Locomotor activity will be measured using an 
Omnitech Electronics Digiscan infrared photocell system. One-hour activity 
measurements are obtained during anima ls' active or dark cycle. 

T-maze: The task is based on the premise that animals have evolved an optimal 
strategy to explore their environment and obtain food with a minimum amount of effort. 
The T-maze apparatus is made of white Perspex. The runway of the maze is 80 cm 
long and its side arms are 30 cm long. The width of the maze is 10 cm and the walls are 
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10 cm high. A guillotine door is used to open the start box and two additional doors are 
used to block access to the arms, as necessary. Distinctive extra-maze cues are placed 
in the surrounding walls. Habituation sessions will be performed during 2 consecutive 
days, allowing free exploration of the maze for 15 min each day. Each rat will receive 1 O 
precision pellets of food, scattered evenly throughout the maze, on each of the 
habituation sessions. During training each trial consists of a sample run and a test run. 
In the sample run, rats will be placed at the start position and required to make a forced 
choice by blocking the access to one of the arms. Two pellets will be positioned at the 
end of the open arm. The rats will be allowed to eat the pellets and will be immediately 
placed in a holding cage for 1 O s before being returned to the maze for the test run. In 
the matching-to-place (MTP) and the non-matching-to-place (NMTP) versions of the 
task the reinforced choice in the test run is either the previously visited arm {MTP) or the 
arm opposite {NMTP). Each rat will perform 1 block of 10 trials each day. The sequence 
of arm visits (sample runs) will be randomized for each experimental subject 

Acoustic Startle Response: ASR testing will be conducted with a Startle Response 
Acoustic Test System (Coulbourn Instruments, PA). This system consists of a weight
sensitive platform in a sound-attenuated chamber. The animals' movements in response 
to stimuli will be measured as a voltage change by a strain gauge inside each platform 
and will be converted to grams of body-weight change following analog to digital 
conversion. These changes will be recorded by an interfaced computer as the maximum 
response occurring within 200 ms of the onset of the startle-eliciting stimulus. All 
acoustic stimuli will be administered by an amplified speaker mounted 24 cm above the 
test cage. During testing, animals will be individually placed in holding cages (14.5 x 7 x 
6.5 cm) that are small enough to restrict extensive locomotion, but large enough to allow 
the subjects to turn around and make other small movements. These will then be placed 
on the weight-sensitive platform. Following placement of the animal into the chamber, 
the chamber lid will be closed, leaving the subject in darkness. A three-minute 
adaptation period occurs in which no startle stimuli is presented. Startle stimuli consist 
of 120 dB Sound Pressure Level (unweighted scale; re: 0.0002 dynes/cm2) noise bursts 
of 20 msec duration. In addition to the 120 dB stimuli, the 110 dB level will also be used 
for comparison to insure that the 120 dB stimulus level not only will meet a response 
threshold but also will not reach a leveling out of the maximum response. Thus 
confirmed, results will be given for the 120 dB level only. Decibel levels will be verified 
by a Radio Shack Sound Pressure Machine Model 2800 {Provo. UT). Each stimulus will 
have a 2-ms rise and decay time such that onset and offset will be abrupt, which is a 
primary criterion for startle. Each trial type (120 dB, 110 dB, or no stimulus} will be 
presented eight times. Trial types will be presented at random to avoid order effects and 
habituation. Inter-trial intervals will range randomly from 15 to 25 s. 

Light-Dark Task/Open Field Behavior: Assessment of Anxiety and Locomotor 
Response to Novelty. The light-dark task will be performed in Hamilton-Kinder activity 
monitors (40 x 40 x 40 cm) fitted with "dark" inserts which make half the volume of the 
box dark (0-2 lux). The rest of the chamber is open to ambient lighting (85-125 lux}. A 
small arch-shaped opening allows the rats to move freely between the two sides. The 
floor of both halves of the box is covered with corncob bedding. Infrared beams 
surrounding each box detect the animals' positions. Infrared beam breakages are then 
converted into distance and position by Hamilton-Kinder software running on a personal 
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computer. The test session begins when the rat is placed gently in the light side of the 
chamber. Rats are allowed to move freely about the chamber for 15 min. The following 
measures are scored 1. Total distance traveled (cm). Distances in the light and dark 
halves are summed to obtain "total distance," which is a measure of locomotor activity. 
~· Ti~e spent in the light half of the chamber(s). This is one of two indicators of anxiety 
m this task. Rats that spend less time in the light are deemed to be more anxious. 3. 
Emergence from the dark (emergence interval; s). This is a second measure of anxiety. 
Rats that take longer to emerge from the dark after their first entry are deemed to be 
more anxious. 

V.4.4.7. Other Procedures: 
On the day of exposure to the nerve agent, the animals will be connected to recording 
leads via the connection plug on their heads. Brain EEG activity will be recorded while 
they are in cylindrical plastic recording chambers, 16" in diameter and 26" high with lso
pad bedding on the floor, where they are free to move about. The period of confinement 
in the recording chambers will not exceed 3 hours on the experimental day or 1 hour on 
the day after. 

The following 5 procedures will be performed at the USUHS: 

Histology: Twenty-four hours, 1 week, 1 month, or 3 months after soman exposure, 
the animals will be deeply anesthetized with 75-100 mg/kg, Lp., sodium pentobarbital, 
until a surgical plane of anesthesia is reached (non-response to strong toe-pinch) and 
then exsanguinated via perfusion with normal saline followed by 10% neutral buffered 
formalin. The brains will be removed and post-fixed overnight at 4° C, then transferred 
to a solution of 30% sucrose in PBS for 72 hours, and frozen with dry ice before storage 
at--80° C until sectioning. Sections containing the rostro-caudal extent of the BLA, the 
hippocampus, and the prefrontal cortex will be cut at 40 µm on a sliding microtome. One 
series of sections will be mounted on slides (Superfrost Plus; Daigger, Vernon Hills, IL) 
in PBS for Nissl staining with cresyl violet. An adjacent series of sections will also be 
mounted on slides for Fluoro-Jade C staining. 

Fluor0aJade C staining (Histo-Chem, Jefferson, AR) will be used to identify irreversibly 
degenerating neurons in the amygdala, the hippocampus, and the prefrontal cortex. 
Mounted sections will be air-dried overnight and then immersed in a solution of 1 % 
sodium hydroxide in 80% ethanol for 5 min. The slides will then be rinsed for 2 min in 
70% ethanol and 2 min in deionized water (dH20), and incubated in 0.06% potassium 
permanganate solution for 10 min. After a 2-min rinse in dH20, the slides will be 
transferred to a 0.0001 % solution of Fluoro-Jade C dissolved in 0.1 % acetic acid for 10 
min. Following three 1-min rinses in dH20, the slides will be dried on a slide warmer, 
cleared in xylene for at least 1 min and coverslipped with DPX (Sigma). Fluoro-Jade C 
stained sections undergo tissue shrinkage, so they cannot be used for stereological 
quantification. 

Stereological quantification: Design-based stereology will be used to quantify the 
total number of neurons on Nissl-stained and GAD67-stained sections. Sections will be 
viewed with a Zeiss Axioplan 2ie (Oberkochen, Germany) fluorescent microscope with a 
motorized stage, interfaced with a computer running Stereolnvestigator 7.5 
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(MicroBrightField, Williston, VT). Estimated totals will be determined using the 
fractionator probe, and all sampling will be done under a 63x oil immersion objective. 

Glutamic acid decarboxylase-67 (GAD67) immunohistochemistry. Our previous 
studies have demonstrated delayed loss of GABAergic interneurons in the BLA (31, 86). 
To determine what proportion of the lost neurons are GABAergic intemeurons, we will 
combine stereological quantification with GAD67 immunohistochemistry. To label 
GAD67-immunoreactive neurons, a l-in-5 series of free-floating sections will be 
collected from the cryoprotectant solution, washed three times for 5 min each in 0.1 M 
phosphate buffered saline (PBS), then incubated in a blocking solution containing 10% 
normal goat serum (NGS; Chemicon, Billerica, MA) and 0.5% Triton X-100 in PBS for 
one hour at room temperature. The sections will then be incubated with mouse anti
GAD67 serum (1:1000, MAB5406; Chemicon), 5% NGS, 0.3% Triton X-100, and 1% 
bovine serum albumin, overnight at 4°C. After rinsing three times in 0.1% Triton X-100 
in PBS, the sections will be incubated with Cy3-conjugated goat anti-mouse antibody 
(1:1000; Jackson lmmunoResearch, West Grove, PA) and 0.0001% DAPI (Sigma
Aldrich, St. Louis, MO) in PBS for one hour at room temperature. After a final rinse in 
PBS, sections will be mounted on slides, air dried for 30 min, then coverslipped with 
Prolong Gold antifade reagent (lnvitrogen, Grand Island, NY). 

Brain slice e/ectrophysiology: Coronal slices containing the amygdala and the 
hippocampus, and slices containing the prefrontal cortex will be prepared from 
experimental and control rats, 1 month and 3 months after soman exposure. The rats 
will be anesthetized with isoflurane and then decapitated. The brain will be rapidly 
removed and placed in ice-cold artificial cerebrospinal fluid (ACSF} composed of {in 
mM) 125 NaCl, 2.5 KCI, 2.0 CaCl2, 2.0 MgCl2, 25 NaHC03, 1.25 NaH2P04, and 22 
glucose, bubbled with 95% 02 and 5% C02 to maintain a pH of 7.4. Coronal slices 
containing both the hippocampus and the amygdala, and coronal slices containing the 
prefrontal cortex will be cut at 400 µm with a Vibratome (Series 1000; Leica 
Microsystems, Bannockburn, IL). Slices will be kept in a holding chamber containing 
oxygenated ACSF at room temperature, and recordings will be initiated 2:1 hr after slice 
preparation. For whole-cell recordings, slices will be transferred to a submersion-type 
recording chamber. where they will be continuously perfused with oxygenated ACSF, at 
a rate of 3-4 mVmin. Neurons will be visualized with an upright microscope (Nikon 
Eclipse E600fn; Nikon, Tokyo, Japan) using Nomarski-type differential interference 
optics through a 60>< water immersion objective. Tight-seal (>1 GO) whole-cell 
recordings will be obtained from the cell body of pyramidal-shaped neurons in the BLA 
region, the pyramidal layer in the CA1 hippocampal area, and the layer Ill and V 
pyramidal cells of the prefrontal cortex. Patch electrodes will be fabricated from 
borosilicate glass to have a resistance of 1.5-5.0 MO when filled with a solution 
containing (in mM) 135 Cs-gluconate, 10 MgCl2, 0.1CaCl2,1EGTA,10 HEPES, 2 Na
ATP, 0.2 Na3GTP, pH 7.3 (285-290 mOsm). Neurons will be voltage-clamped using an 
Axopatch 2008 amplifier (Molecular Devices, Sunnyvale, CA); some recordings will be 
obtained in the current-clamp mode. Access resistance (5-24 MO) will be regularly 
monitored during recordings, and cells will be rejected if resistance changes by >15% 
during the experiment. The signals will be filtered at 2 kHz, digitized (Digidata 1322A; 
Molecular Devices), and stored on a computer using pClamp9 software (Molecular 
Devices). Analysis of recorded currents will be performed using pClamp9 software and 
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the Mini Analysis Program (Synaptosoft, Inc., Leonia, NJ). i;xtraoollular field potentials 
will be obtained from the BLA, while stimulus pulses are applied to the external capsule , 
the CA 1 hippocampal area. while stimulation is applied to the Schaffer collaterals, and 
layer Ill and V of the prefrontal cortex slices, while stimulation is applied to the 
subcortical white matter. Recording electrodes will be filled with ACSF (resistanee: 4 to 
7 MO). To determine alterations in neuronal and network excitability, whole-cell 
recordings will be i:;erformed in the current-elamp mode to determine changes in the 
intrinsic excitability parameters of pyramidal cells in the BL.A region of the amygdala, the 
CA1 hippocampal area. and layers Ill and V of the prefrontal cortex. in slices obtained 
from the experimental and control groups, at 1 and 3 months following exposure to 
soman (or saline, for the controls). The following parameters will be measured: resting 
membrane potential, neuronal input resistance, action potential threshold , action 
potential characteristics. spontaneous firing, and firing characteristics in response to 
depolarizing current pulses passed via the recording electrode. Whole-cell recordings in 
the voltage·clamp mode will also be performed to determine differences, among 
experimental and control groups. in spontaneous GABAergic and glutamatergic activity 
in the BLA region of the amygdala, the CA1 hippoeampal area. and layers 111 and v of 
lhe prefrontal cortex. These experiments will provide an insight into soman-induced 
alterations in the intrinsic excitability of pyramidal neurons in the BLA, the CA 1 region, 
and the prefrontal cortex, as well as alterations in the basal, spontaneous activity of the 
two major neurotransmitter systems that control neuronal network excitabilit the 
GA8Aergic and the glutamaterglc system). and the extent to which the 

llbJ(4) !administered 30 or 60 min after soman exposure prevent tn~e~s~e~a~r~aT'1o~n~s . 
For alterations in synaptic plasticity , we will test the hypothesis that soman-induced 
seizures and the resulting neuronal damage alter synaptic plasticity in the amygdala, 
the ~i~poc~mpus, and the prefrontal cortexf ~nd ~~t ~ermination of th~ ~izures by 
admtn1Strat1on of thel<bR4

> _ _will mm1m1ze these alterations. Synaptic u 

plasticity will be studied by investigating the characteristics of long-term potentiation 
(L TP) of synaptie transmission. as we have done previously in both amygdala slices (3) 
and cerebral cortex slices (2a). In brain slices obtained from rats from experimental and 
control groups, sacrificed 1 or 3 months after exposure to soman (or saline. for the 
control groups). field potentials and compound EPSCs will be recorded in the BL.A; the 
CA 1 area. and in the prefrontal cortex in response to electric stimulation of the external 
capsule, the Schaffer collateral/commisural pathway, and the SIJbcortical white matter, 
respectively. Because L TP is considered to be the cellular mechanism underlying 
learning and memory, these experiments may provide an explanatlon for the memory 
impairment and other cognitive deficits that result from exposure to nerve agents, and 
will determine if thellb><4) I can prevent alterations in synaptic plasticity 
by soman. 

b)(4) 
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(b)(4),(b)(6) 

V.4.4.8. Tissue Sharing: 
Tissues not used in this study may be made available to other investigators as required. 
Lactating mothers will be available for transfer for training or experimental purposes, or 
euth~flized if they cannot be used. Every effort will be made to transfer these animals to 
another protocol. 
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".4.5. Studv EndROint: 
For Experiments 1, 2, and 3A and B the endpoint is euthanasia of the male and 
female rats for neuropatholo9ical studies. preparation of brain slices, or at the end of the 
behavioral experiments, within 4 months of receipt at USU HS. The study endpoint for 
the surrogate mothers is the time when the pups are weaned or removed for 
experiments. 

Early Endpoint: Any of the following will represent a reason for early euthanasia: 
inability to ambulate or reach food or water, persistent seizures (development of 
continuous (>10 sec) rhythmic spike and/or sharp wave activity at. least 2X greater than 
the baseline amplitude and that lasts more than 30 min). persistent tremors, self 
mutilation, continuous circling, or persistent labored respiration or gasping, loss of 20% 
of weight below baseline, prostration/inactivity for up to 24 hours, or a significant decline 
in vitaJ signs. These signs, if observed by animal facility personnel and no study 
personnel can be reached; may be taken by the veterinarian as cause for euthanasia. 
Some behavioral changes may be caused by nerve agent-induced seizures and will not 
represent early endpoints: lethargy. weakness, inability to walk straight and uncertain 
ambulation (as long as it does not interfere with the animal's ability to eat and drink). 
intermittent abnormal breathing pattern. The enclosed Pain/Distress Criteria scoring 
sheet may be used as a guide, 

V.4.6. Euthanasia~ 
If any of the experimental animals develop serious complications due to the agent 
exposure and/or associated treatments while at USAMRICD, the animal may be 
euthanized early with an overdose of pentobarbital (>75 mg/kg, IP) or carbon dioxide 
administered from a cylinder upon consultation between the Pl and the facility 
veterinariano 

For brain pathology studies, at USUHS the animals will be anesthetized with 75~100 
mg/kg . i.p .. sodium pentobarbital, until a surgical plane of anesthesia is reached (non· 
respoMe to strong toe-pinch) and then exsan~uiMHed via J:)erfusion with normal saline 
followed by 10% neutral buffered formalin. 

For brain slice preparations, rats will be anesthetized with isoflurane inhalation under 
a chemical fume hood and euthanized by decapitation. lsoflurane will be administered 
via a precision vaporizer. When the animal has lost its toe pinch (pedal withdrawal} 
reflex and eyelid blink (palpebral) reflex, and is immobilized, it will be removed from the 
vaporizer and decapitated with a guillotine. 

Following the collection of tissues the remaining carcass will be disposed of IAW the 
most recent version of VMSB SOP VM·08·301 {114), "Animal Euthanasia." 
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Comments on the use of decapitation; The guillotine will be maintained in a sharpened 
condition to ensure rapid and clean decapitation. In the past, one guillotine has been 
e-ffective for .approximately 200 rat decapitations without sharpening. Commercial 
sharpening will be performed after every 200 procedures or sooner if needed to ensure 
continued sharpness. The Pl has otllized guillotines in two other protocols 3$ eo~ 
investigator and three as Pl and Is proficient in their use. Any other personnel on this 
protocol will not assist until they have been trained in the use and safety considerations 
by the Pl and are proficient. Decapitation is preferred over other euthanasia procedures 
because it minimizes residual medications that might affect neuronal responses to 
stimulation. 

V.5. Veterinary Cara: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

The rats will be maintained under an AAALAC accredited animal care and use program. 
They will be acclimated upon arrival for 5 days. Animals will be tloused in an approved 
animal holding room after release from acclimation. They may be pair-housed but must 
be individually housed post.surgery to ensure no interference with the surgical sites. 
Food and water will be freely available e>Ceept during the exposure period. The 
veterinary staff will provide daily checks of general health and provisions of food and 
water. 

[b)(4) 

V.5.1.1. Study Room: 
Building(s)._l<b_x6_> ........ .....,. __ _ 

V.5.1.2. Special Husbandrv Provisions: 

Food Restriction: 

Fluid Restriction: 

V.5.1.3. Exceptions: 
1<6)(4) 

V.5.2. Veterinary Medical Care: 
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No x 

No x 
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V.5.2.1. Routine Veterinary Medical Care: 
The Pl or research staff will observe the rats at least twice a day following all procedural 
manipulations. The veterinary staff will observe the rats at least once a day for general 
health and husbandry condition. Any rat displaying any other signs of pain, distress or 
illness will be evaluated by the Pl and/or attending veterinarian and, if necessary, 
euthanized as previously described. 

Animal monitoring: Animals will be examined after return to their home cage, 
approximately 30 minutes after return, and once again that day near end of the work 
day by the USUHS research team. Animals will be checked at least twice daily for one 
week post-exposure by the USU HS Pl and staff. Observations will be recorded 
somewhere accessible to animal care staff. USUHS Pl and staff observations for 
specific signs related to surgery will be in addition to routine observations conducted by 
the animal care staff. 

V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

If any rat experiences non-study related distress or pain prior to the study, the Pl or co
Pl will consult the attending veterinarian. If necessary, the rat will be treated or 
euthanized as directed by the attending veterinarian. Euthanized rats will not be entered 
into the study and additional rats may be requested as replacements. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets for rodents; balls, toys and food 
enrichment treats for rodent species. 

V.5.3.2. Enrichment Restrictions: N/A 

USUHS Fann 3206- Revised October 2008 
Previous versions are obsolele 

39 



VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONSfTRAINING 

Protocol activity Of 

procedure (e.g., tail vein Name of person 
inleotions. euthanasia) Defformina activitv 

Animal handling, (b)(6) 
agent handling, 
injections, 
anesthesia, EEG 
surgery, guillotine 
usage, euthanasia, 
electrophysiology 

Animal handling, 
agent handling, 
injections. 
anesthesia, EEG 
surgery, guillotine 
usage, euthanasia, 
electro physiology 

Animal handling. 
anesthesia, EEG 
surgery, guillotine 
usage. euthanasia, 
perfusions, 
electrophysiology 

Animal handling, 
injections. EEG 

USUHS Form 3206-Re~ Ottober 2006 
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Qualifications or person 
performing activity (e.g., 
research technician, 2 

vrs exnNience) 
PhD in 
neuroscience. 20+ 
yr rodent handling, 
surgery, tissue 
dissection, 
electrophysiological 
experimentation. 
Over 200 rats 
euthanized via 
guillotine. 6 years 
performing EEG 
electrode surgery in 
roden1s. 
PhD in physiolOgy 
30+ yr animal 
handling, injections. 
surgery, tissue 
dissection, 
electrophyslological 
experimentation. 
Over 200 rats 
euthanized via 
~uillotine . 

PhD in 
neuroscience. 20+ 
yr rodent handling, 
surgery, tissue 
dissection, and 
electrophysiological 
experimentation. 
Over 200 rats 
euthanized via 
guillotine 

PhD in 
neuroscience More 

Specific training in this 
activity or procedure 
(e.g., rodent handling 

class. 19991 

lm~rtraining 
Dr 1 has 
perfonned hundreds 
of surgeries. 
euthanasia, and 
anesthesia. 

Investigator training 
Small animal 
handling workshop 
30+ years 
experience and on-
the-job training 

D~(b)(6) as 
retrained as an 
animal investigator 
at USUHS in 2007. 
20+ years 
experience and on-
the-job training, 
anesthesia, 
euthanasia, tiSSue 
samples, small 
animal surgery. 
perfusions, 
electrophysiological 
exoerimentation. 
Investigator training 
in small animal 
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surge!)', perfusion, (b)(6) than 15 years of handling and 
histological experience in small experimentation, 
preparation, animal handling, including behavioral 
neuropathology injections. tests. 

perfusion. 
histological 
techniques. and 
assessment of 
neu ropathological 
damage 

Animal handling, Ph.D. student at Investigator training 
injections, EEG USU HS. Two+ and small animal 
surgery and years e)(perience in handling workshop 
recordings handling small to be completed. 

laboratory animals. Extensive 
tissue samples and experience and on-
small animal the-job training 
surgery including 
EEG and osmotic 
minipumps. 

Animal handling, lab Technician. Ms. Investigator training 
injections, EEG (b)(O) lhas one Small Animal 
surgery and year of on-the-job Handling Workshop. 
recording training in animal 

expetimental 
procedures, Rats 
perfuslons and 
surgerv. 

Animal handling. PhD in physiology Investigator training 
agent handling, 20+ yr animal Small animal 
injections. handling. injections. handling workshop 
anesthesia. EEG surgery, tissue 20+ years 
surgery, guillotine dissection, experience and on-
usage, euthanasia. eieetro~hysiotogical the·Job training 
electrophysiology e xpe ri mentatiOn. 

Over 200 rats 
euthanized via 
guillotine. 

VII. BIOHAZARDS/SAFETY: 

XCSM agent. decontaminated XCSM agent waste. chemicals. and hazardous waste 
used in this protocol will be handled in accordance with all applicable state and federal 
guidelines, regulations, and standing operating procedures. 

Use of XCSM; The laboratories follow the standard operating procedures for the use 
and disposal of XCSM agents, as described IAW the latest version of SOP# 87-201-RS-
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01, SOP# 87-335-VA-12, and APGR 200-60. These include initial and quarterly 
monitoring, as well as daily checks, of hood safety. 

Use of formalin: All operators using formalin must wear proper personal protection 
equipment, i.e., gloves, safety glasses, lab coat, and they will also use a portable 
chemical hood. Exposure to 10% neutral buffered formalin solution for perfusion is 
limited to no more than 400 ml/day. The 10% neutral buffered formalin waste (mixed 
with blood) will be disposed of down the sink in rm 6, bldg E-3244, and documented in a 
sink waste log. 

Minimal PPE for animal handling includes nitrite gloves, mask worn in the slung position 
or readily available, safety glasses with sideshields or goggles, and fully buttoned lab 
coat. Double gloves will be worn during agent exposure. All agent work will be done in a 
certified chemical fume hood in a laboratory that has been appropriately permitted IAW 
USAMRICD Memorandum 385-6. 

Waste anesthetic gas (isoflurane) will be scavenged either by evacuation into a 
chemical fume hood or by extraction with a filter system in a recirculating air cleaning 
device (Extract-All system, VetEquip Inc., Pleasanton, CA). 

VIII. ENCLOSURES: 
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IX. ASSURANCES : 

As the Principal Investigator on this protocol , I acknowledge my responsibilities and 
provide assurances for the fallowing: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation_ 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I ha\le consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

0. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues. and so forth . in the preparation of th is 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations J observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

o.i/Zc/~2 
Date 

G. Training: The f !lowing personnel will attend the next USU HS 
lnvestigatorJAnimal User Training Course; 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol. and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, wetfare, and welH>eing of the research animals. Add itionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and 

Princip 
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?rincipal Investigator Signature Date 

I. Painful Procadure(s): 

I am conducting biomedical e><periments which may potentially cause more than 
momentaet pain or distress to animals. This potential pain and/or distress 
WILL or ILL NO be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. e considered alternatives to such procedures; however, using the 
methods a ( ol, I have determined that altemati\19 
procedure e objectives of this proposed experiment 

Pr in 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: l(b)(
4l 

ltb)(4) 

C. Principal Investigator: ._l<b_)<5_l _____ _. 

0. Performing Organization: USUHS and USARRICD 

e. Funding: _r_>i4_> __ _ 

F. Objective and Aoi:>roach: The purpose of this work is to develop improved 
therapies to treat seizures caused by exposure to nerve agents and to prevent the 
associated neuropathology. 

G. Indexing Terms JDescriptors>:l(bl<4l 
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ANIMAL PROTOCOL NUMBER:l .... <b_)<6_) ___ __, 

PRINClpAL l~VESTIGATOR: .... l<b_l<5_l ___ ____.I PhD. 

ANIMAL PROTOCOL TITLE: Epigenetic biomarkers of post-traumatic stress 
disorder In mouse modal in constant pressure environment 

GRANT Till ~ if different from above : Epigen&tic biomarkers of stress atl(b)(4) 
(b)(4) conditions ...._ __ ___. 
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CO-INVESTIGATOR(S): .... l(b-)(6_> _______ _____, 

TECHNICIANSCSl: .... l(b_)(G_) --~ 

I. NON-TECHNICAL SYNOPSIS: 
At present, there is no definitive treatment and no cure for post-traumatic stress disorder 

(PTSD). Brain function of PTSD victims is strongly impacted especially with changes in how 
neurons in the brain communicate between each other. Jn this proposal we will oontinue to use 
mice as an animal model to address an important challenge facing cHniool research in its quest to 
help PTSD victims. This ro osal is building on the previous proposal (Animal Study Proposal/ 
USUHS IACUC (b)(6) where we have investigated one of the epigenetic mechanisms: 
microRNAs (miRNAs) eltpression in mice subjected to various levels of stress conditions. 
Epigenetic mechanisms are not related to mutations in ON A but they affect DNA encoded read
outs. which include messenger- and micro~ RNAs and therefore trmslation into proteins. As 
miRNAs are complementary to one or more mRN A molecules they can interfere with expression 
of a number of target genes and influence gene regulatory networlcs and therefore affect 
signaling pathways underlying pathophysiology and behavior changes caused by PTSD, Because 
complex. epigenetic changes may underlie diverse phenotypes of PTSD and contribute to PTSD 
pathophysiology, a novel more complete approach tl1an has been used previously is needed. This 
novel approach has to take into account individual variations between subjects because different 
life experiences and epigenetic modifiers affect mice during their development and impact their 
behavioral characteristics. In our PTSD model1 we will eitpose mice to one of several stress 
levels: no stress, 3 hours of restraint stress, or 3 hours of restraint stress plus intennittent tail 
shock. US Air Force personnel may face intermittent changes in atmospheric pressure when 
perfonning their mission therefore our model will includ~(b) (4) ~hamber, where mice wilt 
be under eontrolled ptessure environment for determined tinie period. 
We hypothesis that epigenetic characteristics play a major role in the communication belween 
neurons after a stressful environmental or psychological insult by regulating mechanisms 
underlying activity dependent molecular processes. Epigenetic signarures in the central nervous 
system appear critical for controlling cell identity and play an important role in the development 
of brain function. Some of the end targets of epigenetic regulation include signaling proteins that 
play impona.nt roles in communication between neurons, brain function and respective behavior. 
Abnormalities in the epigenetic modifications will result in the disruption of the translation of 
mRNAs affecting proteins that mediate brain function and alert .neuronal communication. 
Therefore understanding the way the epigenetic profiles impact the brain and influence PTSD 
will allow for therapeutic intervention. We believe that in the future we will be able to develop 
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(b)(4) 

theni.pwtic appli<:ations for the reversal of brain malfunction caused by stress. Titis will enable a 
reduction of anxiety episodes in military and/or civilians associated with PTSD and exposure to 

. D('ressures associated withl(b)(4) I 

fl. BACKGROUND: 

II. 1. Background: 
Interactions between an individual;s genetic make-up and environmental exposure results in 

differential disease outcomes in response to the same environmental insults. One such example is 
post-traumatic stress disorder (PTSD) where individuals ex.posed to trauma display 
heterogeneous responses, including the development of diverse j>Sychotogical symJ)toms and 
differential rates of recovery. This heterogeneous breakdown of neurooognitive systems is tme of 
the most important indicators of the involvement of gene-environmental interaction in the 
etiology of PTSD. 

Environment can interact with the genome in non-mutagenic manner to produce gene 
expression changes caused by epigenetic mechanisms during development and adulthood. 
Epigenetic facto.rs including histone modifications, DNA methylation and microRNA {miRNA) 
expression can dynarnicaJly change genome function under acute and chronic environmental 
influence, thereby impacting neurot'lasticity, lea.ming and memory [ 4, 5]. Chromatin 
modifications and miRNA interference emerges as fundamental molecular mechanisms for the 
altered transcriptional regulation involved in brain injury, neurodegenerative and stress related 
disorders (6-8], Stress; infectious agents, environmental toxins and ''harsh'' environmental 
conditions are well recognized chromatin modifiers that may alter the PTSD outcome and the 
efficacy of treatment [9]. Recent years brought growing evidence supporting the specific impact 
of environmental toxins on chromatin [ l 0, 11). 

Owing deployments/opera.tions, US Air Force (USAF) personnel are exposed to extreme 
environmental conditions including low-oxygen, low-ambient air pressure, environmental toxins, 
etc. Most, or perhaps all individuaJs develop a spectrum o~(b)(4) !symptoms known as 
acute or chronic mountain sickness, including the more severe conditions of cerebral and lung 
edema [12]. In addition, deployment and other rescue operations can lead to PTSD among USAF 
persoMel as depicted from the recently re-parted increase in the incidence of PTSD amofig USAF 
personnel after deployment to Iraq/ Afghanistan [I]. Furthermore, the environmentally induced 
PTSD symptoms have also been observed in active-duty USAF noncombatants (13, 14]. Thus 
the deployment to any war zone in combination with extreme environmental oonditions Gan 
cause increased mental health problems. Differential PTSD outcomes and treatment response 
among the USAF personnel occurs due to the underlying complex gene-environmental 
interactions, The understanding of how genes and environmental factors interact to cause disease 
states will thus lead to novel strategies for the diagnosis, treatment and prevention of complex 
human disorders. 

A number of association studies that have been perfonned to date clearly support our 
hypotheses on the polygenic nature with strong environmental component as the underlying 
causes for the etiology o~(b)(4) lsickness and adaptation [15]. Recent enome-wide 
association studies designed to identify genetic contributions to human adaptation a._(b_)_(4_) __ __, 
have revealed a subset of genes related to the HIF l<bl(4) Inducible factor} pathway [l6). HIF, 
the key regulator of o:itygen homeostasis, constitutes a set of heterodimeric transcription factors 
(HI'Fl, HIF2, HIFj) comprised of different alpha and beta subunits [11]. HlFa subunits are 
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stabilized byl (b)(4) _I thereby regulating the expression of variety of genes that control a switch 
from oxidative to glycolytic metabolism, cause inhibition of cellular proliferation, elicit an 
increase in the production of red blood cells &. hemoglobin in blood, and stimulate oxygen 
delivery through erythropoiesis and angiogenesis [ l 8, 19]. It is interesting to note that 
hematological response (higher hemoglobin concentration, increased hematocrit values. 
erthyocytosis etc.) caused by acute exposure or adaptation to (b)(4) v· -· signifiCilfltly 
among endemicletluiic populatiofs suggesting genetic component (b)(4) and possible 
en.Virorunental factors f bl(4) [20, 21). Ufider l<b)(4) I conditions, HIFl activates the 
transcription of Jumonji domain containing histone demethylase enzym~s (JMJDlA: 
demethylates H3K9, JMJ02B· demethylates H3K36, JMJD2C, PLU-1), thereby affecting the 
downstream ·expression of their target genes [22, 23]. SIRTl (deacetylates H.3K9) and SIRT6 
(deacetylates lysine residues are also known to inactivate HIFla underl (b)(4) l24, 25]. A 
rectnt study has show (b )( 4) mooiated upregulation of histone methyl transf erase • G9a and 
histone deacetylases [26]. HIF transcription factors also affect the expression of miRNAs 
(considered a part of epigenome), which are short -22 nucleotide RNA sequences that bind to 
complementary sequences in the 3' UTR of multiple target mRNAs mostly resulting in their 
silencing [27, 28 . Insancer cell line.1(b)(4) !triggers a specific pattern of miRNAs expression, 
suggesting a (b)(4) itnpact on epigenome in the tumor cells [29]. Also in non-proliferating 
cells, HIFla/ H1Fl~ induction alter miR-JOJ expression. whiGh in t:um downregulates the 
expression of EZH2, a polycomb protein that catalyzes H3I<27 trimethylation [30]. All these 
tudi s . upport the combinatorial role of epigenetic mechanisms and HIF factors in regulating 

(b)(4) stress response. ln addition to HIF-mediated pathways, expre~sion of genes linked to 
(b)(4) sickness is also epigenetically regulated in a tissues ecific manner [15, 16, 2lL 

We hypothesize that physiological conditions caused by (b)(4) such as~ air 
pressure and low oxygen, trigger epigenetic modifications in various organs that are comorbid to 
stressful deployment activity. We wm implement an integrated approach using molecular 
epigenetics and behavioral techniques to unravel the underlying role of epigeneti(: modifications, 
which affect brain function, neuronaJ circuitries, hematological and pulmonary functions and 
behaviors associated with PTSD after exposure tol(b)(4) !insults. BehaYi<lrJlJ 
phenotyping of mice is critical in order to identify biomarkers of stress underHb)(4) I 
conditions in relation to subject s eciflc res nse to stress and trau:n·u1tic eventsJ(b)(4) ] 
(b)(4) Building upon our previous experience, we will 
categorize the mouse behavioral phenotypes using the results of their performance in rotarod, 
foar conditioning and acoustic startle response tests, Comprehensive genome-wide epigenetic 
profiling (Cb.JP-Seq for histone modifications, RRBS-Seq for DNA methylation, miRNA-Seq) 
and expression profiling {RNA-Seq) will be irnplemented via next-generation sequencing 
approach, that yields unprecedented quality sequencing data with the highest signal to noise 
ratio. We will build our approach based on our experience gained during yet to be completed 
proicct focused on the epigefletie signatun:~ ofl,...(b-i.{,,._,(4._) ~==='] 

l(b)(4) lwe generated PTSD mouse model by ex.posing mice to two stress 
levels: 3 hours of restraint stress plus intennittent tail shock (severe stress level) or 3 hours of 
restraint stress (low stress level). Based on the acoustic startle response, we have categorized 
these mice into three behavioral groups (consistent, frozen and hyperactive). Interestingly, 
among these miRNAs, which are deregulated in response to stress, miR-106a is predicted m 
inhibit HIF-1 a. expression. The miR-199a-5p, with observed down-regulation in restraint + 
shock mice, has been experimentally proven to inhibit HIF-la. expression (33}. In the study 
proposed here, we wiU build on these findings by employing the same PTSD mouse model, and 
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e~posing animals tol(b)(4) lconditions in a chamber mimicking the( .... (b_)(_4) ___ .... 

en virorunent. 
In the proposed project, we will establish a genome wide list of targets affected by 

exposure td(b)(4) !conditions alone and in c-0mbination with stTess, We will perform 

bioinfonnatics functional pathway analysis to unravel signaling pathways involved and propose 
future treatment targets for PTSD_ ln the_ follow-up study, we plan to determine epigenetic 
markers altered in blood samples from PTSD USAF personnel post- and pre-deployment and 
compare them with the best hit§ from animal studies; and validate therapeutic options based on 
the outcome of these studies. 

JI.?. !=itcnture Search for Duplkatfom 

11.2.1. Llteratpre Source(s) Searched: 
Biomed.ic.a.1 Research Database (OoD) 
Pubmed 
NIH REPORTER 

11.2.2. Date of Search: 
July 3, 2012 
11.2.3. Period of Search: 
PubMed - all, NIH .RePORT - all. DoD Bimnedical Research Database Search 1999-2009 (all 
available). 
11.2.4. k'. ~ s ~ s ev Words and earch trateov: 
Source 
Pub Med 

~-

NIH RePORTER 

DoD Biomedical Research 
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Kevwords 
b){4) 

(b)(4) 

(b)(4) 

,_ 
(b)(4) 

(b)(4) 

Hits 
epigeoetics I 
PTSD 1 
k:hlP-Seq 0 
microRNA 2 

0 TSO 2 
~ 

leoigenetics 0 
lfilicroRNA 0 
ChlP-Se_g 0 -------PTSD, eoie:enetics 0 
!stress, epiRenetics 0 
stress, rnicroRNA 0 

~ 

"'whole ~enome .. 0 
"whole-genome" 0 

eoigcnetics 0 
PTSD 0 
micro RNA 1 
"Chip-Seq" 0 

epi~enetics 0 
PTSD 0 
microRNA 
"Chip-SeQ" 0 

stress, epigenetics 
stress, epi1!:c11etics 0 
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Database ' 

(b)(4) DTSD 0 
leDiJ;~enetics 0 
k::hromatin 0 

IJ.2.5. Resnlts of Sc-arch: 
Investigations of epigenetic modifications resulting in physiological adaptation tol(b)(4) I 
environments and their corresponding interactions with PTSD susceptibility have yet to be 
investigatecl. A search fod(b)(4) I and "epigenetics" in Pub.Med returned one article that 
is a perspectives pnpef suggesting that i enetic studies would 'be valuable in assess-ing 
adaptation mechanisms. A search fo (b 4) M&_''PTSD" in PubMed also returned a 
single paper. This study investi ated the use o b)(4) exposure in desensitization therapies 
for t1ying phobias. Scarchin (b)(4) and "mlcroRNA" returned two · ~· ·rs that 
examinecl the impact o (b)(4) on cells grown in culture and variations in (b)(4) related 
transcription factors in the yak. Changing the search ten11 (b)(4) etumed 
a few additional papers with respect to PTSD. Both examined the potential anxyolytic effects of 

l(b)(4) !exposure in rats. Thus, no currently published research indicates a duplication of 
$lUdies proposed in our experiments. 
With respect to ongoing funded projects, examination of NIH RePORTER and the Department 
or Defense Biomedical Reseaich Database revealed only a single study combinin~(b)(4) I 
od(b)(4) !conditions with epigenetic modifications, This study is investigating m~hanisms 
contributing to vasculature blockage in patients with sickle cell disease. No funded research was 
found that examines the epigenetic changes induced by l<b)(4) lenvimnfnents or its 
contributions to PTSD onset. 

Ill. OBJECTIVE\HYPOTHESIS: 
In the proposed project, we will establish a genome wide list of targets affected by 

exposure to l<b)(4) I conditions atone and in combination with stress. We will perform 
bioltifonnatics functional pathway analysis to umavet the signaling pathways involved and 
propose future treatment targets for PTSD. We propose the followin S __gfic Aims: 
S~ecific Aim I - Test the impact of differential time course o (b)(4) exposure on mouse 
behavioral phenotypes as well as hematological, pulmonary and central nervous system 
pathologies. 
Specific Aim 2 - Determine enome-wide epigenetic profile in mouse brain, blood and lung 
tissues exposed t (b)(4) pressure/oxygen conditions. 
~ecific Aim 3 - ldenti enome-wide epigenetic profile in brain, blood and lung tissues of 
PTSD mouse exposed t (b)(4) pressure/oxygen conditions. 

IV. MILITARY RELEVANCE: 
Understanding the interaction between a demanding environment and the dynamic human. 
genome is one of the most challenging and pressing areas of military and clinical research that in 
the long run should help to alleviate the debilitating consequences of mi1itary activity resulting 
from interactions between harsh environment, demand for high achievement and enduring stress. 
Recent ref)Orts found lnl!teasing rates of PTSD among those serving in the harsh and stressful 
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environments of lra'I and Afghanistan [ l ]. The proposed joject aims to determine epigenetic 
marks or novel regulatory pathways affected b~(b)(4) environment and stress, which may 
further help to identify individuals at risk for PTSD. assess mental health readiness among those 
who remain active in service and also enable targeted treatment for a wide spectrum of PTSD 
cases. 
V. MATERIALS AND MEJHODS: 

V.1. Experimental Design and Genera' Procedures: 
FLOW CHART OF EXPERIMENTAL PROCEDURES; 

V.t.l. Specific Alm 1 

Experiment 1.1: Pilot experiment to assess proper chamber \'entilatfon durin1d'"":(_b_)(4_) __ ~ 
exposure. 
In all experim!!;e~nnsuc.w::iw;iu~WJ.:ii..Jl:W.U~LI~~u....J.WJJIZi:...lW:...CWDID3j:tll.!~:.l......-...U:.D.aI~~ 
develo oo b (b)(4) 

(b)(4) They have eKtcmsive experience in creating 
research level chambers designed for small animals such as mice that enable proper monitoring 
of animal health during experimental conditions. Our chJIDtber will be used in combination with 
a pressure controlled purge system to mimi~(b)(4) !conditions. We are working closely 
with the company to ensure our chamber is capable of achieving our experimental goals while 
maintainin the most naturalistic living environment the mice (beyond those variables related to 

(b)(4) nviron.ments). The final design will be discussed wit*b)(6) ho ensure the 
safoty and well-being of the: mice and if re<;Juired further modification of this protocol will he 
submitted. 

The (b)(4) _eRearch Chamber- Modified Vickers Special to be used will be supplied by 
(b)(4) - Is equippal with the vacuum sotJtee. The chamber was originally built 
as a medical (b)(4) chamber forl (b)(4) loxygen therapy by Vickers and has 23" inch 
inside diameter with an approximately 6'8" interior length. The overall length is about 7 (eet. A 
removable full~length tray can be used to support 2-3 normal mouse cages within the chamber. 
The tray is designed to slide out onto a removable dolly. {The dolly is needed only if the tray is 
to be pulled out more than 113 <:>f its Jeng-th.) A control pmel enables continuous ventilation at 
known controlled rates with system panel to monitor ssure and temperature inside the 
chamber. Within the chamber we will maintain the (b)(4) using constant volume fraction 
air removal by the vacuum pump. We will maintain the constant air flow to maintain the 
adequate ventilation. The system is able to provide ventilation upto 300 l/min if necessary 
(usually 240 l/min for human e'l.posure). We will monitor the build·up of condensation-moistW'e 
and during these preliminary experiments we will also monitor C02 levels. Based on the 
exP.Sience of the renowned ex e in ulmow rodent h siolo our consultant/collaborator 
Dr. (b)(6) 

(b)(6) we estimate that 1 S mice will produce 1700 ml 
per hour of C02, which should be easily compensated by appropriate ventilation flow. 

Upper limit of C02 production rate; 0.075 ml/g pet minute or 4.5 rnl/g per hour [42] . Thusj 
for 15 mice weighing 25g each, a high estimation for the rate of C02 production will be: (15 
mice) x (30g/mouse) x (4.5ml/g per hour) :;:;. 1700 ml per hour. During the active dark cycle 
oxygen consumption in C57B16 mice is 160 (m1/kg per min) (PMID: 22653990) [43]. This 
equals 9 .6 ml/g per hour or approximately twice the rate of C02 production. Thus, based on high 
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activity consumption rates, adequate ventilation can be achieved with an exchange rate of 4 liters 
per hour. 

T~e pilot e~perin:ient wlll have 2 ~iiSff:I l.sbotL1-5.min ~d 3 hour duration), During the first 15 
min two mice will be exposed to (b)( ) lpsta pressure respectively and MouseOx 
Pulse OximeteriPhysiological Hub (Starr Lire Sciences, Oakmont, PA) will be used to record 
non-invasively vital signs (arterial oxygen saturation, heart and breath frequencies (fh & fb), and 
motion status) periodically throughout the duration of tbe experiment. Mice vitals will be 
monitored rontinuousl y for IS min at the normal pressure (baseline), during ascent and at the 
designated pressure and then during descent (the rate of ascent and descent to reach specified 
simulatedl (b)(4) lconcHtion will be performed at a rate nf200m/rnin, and for 1500 
m tbis will take -8 min and for 5000m this will take -25 min respectively). After reaching 
normal pressure we will continue monitoring vitals for another 15 mjo Based on meyjous 
experience of experts in pre!.ls\ll'ized chamber e!'.lY!iolo,y CAP](b)(6) _ I 

l(b)(6) Walter Reed National ilit Medical 
Center P-ulmonary/Critical Care Medicine, Silver Spring) and Dr. (b)(6) (Duke 
University) we do not expect any problems with mouse physiological processes du.ring these 
experiments. We also do not expect bigger than I% changes in C02 level during these 
experiments. In order to minimize potential gasses build up over time conventional cages 
with the filter covers removed will be used. NH4 levels will be monitored inside the 
chamber using portable NH4 monitor and then indicator paper positioned inside the 
cage will be used immediately before cage changes during the longer than 24 hour.s 
exposure time. This cage level monitoring will continue throughout the duration of the 
prqject if the buildup is significant, otherwise it will be terminated. after pilot experiments, 
and after approval from the veterinarian. 

In the second phase of pilot experiment we will verified the accuracy of calculated ventilation 
flow with 3 ca es 5 mice er ca e' in the chamber, wnen the mice will be visually monitored 
constantly by (b)(6) for 3 hours u.nderl(b)(4) lpsia pressures 
respectively. 
Once in the chamber mice will be monitored fot sign of distress (such as hyper or hypoactivity, 
inner ear discomfort indicated by excessive grooming or scratching, vocalizations, self-trauma, 
unkempt appearance, respiratory distress, reduced food and water intake, head tilting or shaking) 
and we will consult with Veterinarian staff if any sign of abnormal behavior is noted, lf 
abnormal breathing is noted mice will be descended to nonnoxic pressure. The chamber is 
transparent a.nd therefore monitoring will be easy to achieve. As in the 15 min exposure 
experiments we also do not expect any problems with mice behavior, accumulation of moisture 
and C02 level during the5e 3-hour exposure experiments. 
The final design of the Reimers Systems modified chamber will be discussed with DrJ(b)(6) land 
the Veterinarian staff and if required modification of this protocol will be submitted for IACUC 
approval. 
This experiment uses a total of 15 mice. Two mice will be exposed for 15 minutes to 
each pressure (normoxic,l(b)(4) lpsi) every 24 hours therefore we can monitor 
well~being of mice the day of exposure and the day afterwards. Then same mice plus 
the thirteen will be exposed for three hours at three pressures every 24 hours so we can 
monitf)f well-being of miee the day of ~xposure and 1he day afterwards. 
Jn summary, we will wait at least 24 hour.s betl.Yeen exposures and will not re-expose 
mice who display the symptoms of distress outlined in section V.4.5. Study Endpoint. 
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Total mice number will be 15 and mice will be used in these pilot experiments. There will 
be at least i one day interval between different exposure pressures. 

Experim~nLl.lt Impact o~(b)(4) ~xposure on mouse behavioral motor ph.enotypes :ts 
well as hematological, pulmonary and central nervous system pathologies. 
In these experiments we will implement thd(b)(4) !chamber with parameters determined in 
the pilot ex · C57BLJ6J (B6) mice will be exposed to sirrmlatoo atmospheri.c 
pressure of (b}(4) psia corresponding toj{b)(4) lsea level. 
Atmospheric pressure of (b)(4 psia (equivalent to sea level) will be applied as nonnobaric 
normoxic environment. The rate of ascent and descent to reach specified simulated altitude apd 
sea level condition will be performed at a rate of 200tn/rnin. Mice will be exposed td ... <b_)_(4_) __ _. 
for 3 hrs, 6 hrs, 24 hrs, l week and three weeks. 15 mice per group each for three diverse 
pressure levels and 5 different exposure periods will be used. Total mice number will be 1Sx 3 
ressure levels (b 4 

(b)(4) x exposure penods 3 hrs, 6 hrs; 24 hrs, 1 week and 3 
weeks) = 225 total m·r. ~lc~e . ...___..., 
Behavioral impact od(b)(4) !conditions will be detennined using the rotarod perfonnance 
test. where the mouse will be placed on a rotating cylindrical rcxl and subjected to forced motor 
activity. The time period for which the given mouse stays on this rotating rod is a m~asure ofits 
balance, coordination, physical condition. and motor-planning. The limited supply of oxygen at 

ICb-)(4) I could result in a potential loss of' coordination and balance. 
~od performance test, baseline line valnes will be recorded 24 hrs prior to th~ (b)(4) I 
~exposure and final test values will be measured immediately at the end of exposure at 

m1rmoxic pressure. 

Brain, blood and lung tissues collected ftom the mice afterl<bJ(4) !exposure for 
d.ifferent time points; will be processed using standard histopa.thological; hematological and 
immunohistological techniques to detennine the pathological effects of l(b)(4) I 
environritent as compared to sea level in coordination wiih the AFRI veterinarian pathologist1 Dr. 

l<b)(6) I MAJ, U.S. Anny Veterinary Corps. Particular attention will be paid to 
histological signs of pulmonary edema (see out recent srudy [28]), pulmonary fibrosis, 
hemopoietic abnormalities, morphological changes in ca:rotid body and brain vasculature in order 
to identify the underlying pathological effects of low-pressure. If necessary our long-tenn 
collaborator Drl(b)(6) lwill be consulted for the outcome of behavioral studies. 
Time period of exposure that showed the most si ificant alterations (in terms of behavioral, 
pathologi¢al and hematological) in response to (b)(6) conditions during the minimal time 
will be then used in Specific Aim 2. We expect that l week of exposure will be a sufficient time 
period. 

Organ and blood isolation: Mice male (8-1 0 week old) will be anesthetized. Under anesthesia 
mice will be cervically dislocated, decapitated with scissors and then the brain and lung will be 
removed and then fixed with 4% of pa.raformaldehyde (10 mice for each group). For 
hematological evaluation the blood will be removed from tail or if required for more exten:sivc 
hematological analysis using cardiac puncture. 
Justification and rational for mice number see above. 
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V.l.2. Speelfic Aim 2 

Ex - -rlment 2. 1; _G_eJLQ.me--wide epigenetic profile in mouse brain, blood and Iung tissues 
exposed t (b)(4) onditions. 

C57BU6J (B6) and Balb/cJ (Balb) male mice will be exposed to l(b)(4) lpsia 
corresponding tol(b)(4) I or nonnobaric nonnoxia for a time period that showed the most 
sifJjificani alterations (in terms of behavioral. patholo~oaJ and hematological) in response to 

!(bl£ bonditions, as evaluated in Ss>ecific Aim 1. We will use 80 mice per strain each for 2 
different pressure levels l (b)(4) ~. Total #mice wilt be 2 strains x 2 conditions x 
80 = 320 mice 

We sel~ted these twn itihted strains as previous comparative studies show their large differential 
susceptibility to (b)(4) and environmental challenges [35, 36]. Specifically, ventilatory 
response to acut (b)(4) challenge is significantly greater in Balb compared with B6 mice due 
to a greateT increase inKb)(4) !breath freciuency (tb) (35] and changes in lung. structures 
between these strains [36]. In addition, B6 mice show a greater exercise tolerance id(b)(4) I 
compared to .Ba:lb mice, suggesting that mechanisms of altitude adaptat,·on tavoeed rcclimation 
in B6 mice (37]. In collaboration with our consultant/collaboratoT Dr. _(b)(B) . total body 
plefhysmography will be perfotmed to measure breathing tidal volume (VT) and inspiratory time 
(T1) in mice [35], Minute ventilation (VE)= fb*VT, and mean inspiratory flow (VTffl) as a 
surrogate of neural activity in breathing regulation will be calculated. Metabolic data will also 
be measured by assessing 02 consumption (V02) and CO'} I9cluction (VC~) using indirect 
open circuit calorimetric system (provided by Dr (b)(6) in-line with the barometric 
eha.mbers. Reference gas measurements will be obtain · intermittently t'O correct for sensor drift, 
and VO,z and VC~ data will be normalized to standard temperature and pressuTe conditions, and 
to the body weight of each animal. The baseline VE wiJI be ref'erenced to V02 and VC02 to 
assess the coupHng between ventilation and metabolic rate. Increased VEN02 indicates greater 
ventilation foT a given level on 02 delivery, suggesting that gas ex.change in the lung is im aired. 
Total body plethysmography will be perfonned before mice enter the ... tb_)_4_) __ 
chamber, and then immediately after exposure period. ~nlmals will be placed in the 
plethysmography chamber (17cm x 6cm x 6cm; -600 cm3

) situated close tol(b)(4) I 
chamber and will be allowed to acclimate to the chamber (exploration, and self
grooming is expected) for at least 30 min and only after the animal became quiescent 
the breathing frequency, tidal volume, and insplratory time will be recorded. The total 
recording time in chamber is not expected to exceed 30 min and then animals will be 
weighed afterwards. 

Behavioral phenotyping will be done using the Totarod test as specified in Specific Aim l at 24 
hours before the begiMing of exposure and then immediately after total body plethysmography. 

Tissue collection: 
Tissue smnplcs will be collected from each group of mice. Briefly, mice will be anesthetized 
with isoflurane placed in a transparent desiccator jar under a perforated floor in order to se arate 
the mouse ftom the isotlutane. This will be done in a fume hood ptesent in our lab (b)(6) -------
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l(b)(6) I Once the mouse is adequately anesthetized, demonstrated by lack of the pedal withdrawal 
reflex, the live mouse will be removed from the desiccator jar. Alternatively, IP injection of 
anesthetic will be a.dminismued with 25 • 30 gauge needles in the caudal abdomen with sodium 
pentobarbital 50 mg/kg (I.~ mg per 30 g mouse) (or, if sodium pentobarbital creates interference 
with signaling pathways, a mixture of ketarnine l OOmglkg and xylazine 20mgikg will be used) 
before perfusion. The level of anesthesia will be assessed by toe pinching. Following anesthesias 
the mouse chest will be cut open with scissors to expose the beating heart and then perfused 
through the left ventricle of the heart with hepariflized pl'msphate--buffered saline (10% v/v) for 5 
min. Once perfusion is complete, tissues wil l be dissected out. Tissue samples will be 
immediately fixed in I ~lo fonnalin and would be handed over to AFFRI, veterinary pathologist 
(10 .mice for each grou·p ). 
The tissue samples from the remaining 60 animals from each group wiJI be coIJected to perfonn 
t:pigeneric studies. We wiii quantify histone H3/H4 acety'iation and histone H3-Sennel0 
phosphorylation or other relevant epigenetic targets by quantitative Western blot, chromatin 
immunoprecipitation (ChlP) assays or genome-wide ChIP-sequencing. Quantitative real time 
PCR will be used to verify s1&nificant findings of high-chroughput approach. We will also 
measure methylation differences by RRBS and changes in miRNA profiles in response to 

l(b)(4) ~xposure. The brain (conex, hippocampus), blood and lung tissues will be collected 
from these mice wiJ) be utilized to perform whole genome epigenetic profiling. Histone 
modifications will be detennined through chromatin immunoprecipitation assays (ChlP·Seq) 
[38] using anti~ace1yl histone H3, anti rrimethyl histone H3K4, anti mmethyl hi.stone H3K27, 
anti acetyl histone H3Kl8 and nonnal rabbit IgG antibodies. Genome-wide DNA methylation 
will be determined using reduced representation bisulphite sequencing (RRBS.Seq) approach, a 
hisullih~~based protocol that enriches CG-rich parts of the genome particularly the gene 
promoters (39]. For hematological evaluation 10 mice in each group the blood will be removed 
using cardiac puncture. Whote~genome profiling for miRNA (miRNA~Seq) and mRNA (RNA~ 

Seq) will be performed with RNA isolated from brain, blood and lung tissues. Bioinfoun.atics 
pipeJines to statistically analyze these results have already been developed inl(b)(6) I Top 
hits from chromatio/express1on and methylation profiling will be validated using quantitative 
real-time PCRIRTPCR and pyrosequencing respectively. 
We plan to establish genome wide list of tarrts affected by exposure t~(b)(4) loonditions 
that are epigenetic biomarkers fo~(b) (4) _condition, 
Mict total pet group per strain= 80 • 10 for pathology evaluation + 60 (or CNS and lung 
epigenetic enluation and 10 for blood epigenetic evaluation. 
We have 2 pressure groups (sea level + 5000m) and 2 strains= total 320 mJce 

V.l.~. Specific Aim 3 
Experiment 3.J • lden1ify geno~~wlde e,lgenetic profilt in brain, blood and Jung 
tissues of PTSD mouse exposed toW~~4) _pressure/oxygen conditions. 
To generate the PTSD mouse model, we will expose C57BL mice to 2 stress levels: 3 hours of 
restraint stress plus intermittent tail shock (severe stress), 3 hours of restraint stress (lower level 
stress), and na!ve-oontrol (putatively unstressed) (for details of sttess P-rotocol see below). This 
wm be earned oui before exposure of mice to thel(b)(4) !condition. (b)(4} orresponding 
t~(b)(4) I or nonnobaric nonnoxia. The period o (b)(4) exposure post stress 
wHI be same as specified in Specific Aim I. We will use 60 mice for each three different levels 
of stress and two diverse pressure values l<b)(4) I {total number is == 60x 3x 2= 
360 mite). Acoustk startle (ASR) and fear c<mdition.ing behavioral tests will be performed with 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

11 



PTSD mice cllposcd to stress before and immediately after exposure tol(b)(4) lor norrnobaric 
condition. ASR system consists of weight-sensitive platform inside sound-attenuated chamber, 
where mouse movements in response to stimuli (sound) arc measured as a voltage change by a 
strain gauge. ASR baseline line values will be recorded 24 hrs prior t-0 thel(b)(4) I 
exposure and final test values will be measured immediately at the end of exposure. Brain 
(oortex, hipiampus), blood and lung tissues dissected from the PTSD and ruU've control mice 
exposed to b) 4) I or normobaric conditions will be utilized to perform whole genome 
epigenetic profiling (ChlP·Seq, RRBS-Seq, miRNA-Seq) and RNA-Seq similar to Specific Aim 
2. Comprehensive blood analysis and pathological assessment of each PTSD mouse model 
subjected tol(b)(4) ]conditions will also be perfonned. Top hits from chromatin/expression 
and methylation profiling will be validated using quantitative real-time PCR!RTPCR and 
pyrosequencing respectively. In addition, top hits will be also verified in amygdala, a brain 
region implicated in response t~(b)(4) land stress. Whole genome approach cannot be applied 
to RNA/DNA extracted from amygdala because of its relative small size and therefore a small 
yield of RNA/DNA. In ~eneral we f Ian to establish comprehensive genome wide list of targets 
affected by exposure to (b)(4) condhions alone and in combination with stress that are 
epigenetic biomarkers for stress und~(b)(4) ~environment 
This should help us to unravel signaling pathways involved and propose future treatment targets 
for PTSD. 

Stress protocol in the mice and perform acoustic: startle response (ASR) testing ln order to 
determine the lmpa~t of the stres!iing procedures on behavioral phenotype. 
Stress model: 
Male mice 5-6 week old will be exposed to immobilization and tail shocked for 2 h per day for 3 
consecutive days. This procedure will be done during the dark phase of the light-dark cycJe 
(adapted for mice from [54]. Mice will be restrained but wrapped in a cloth jacket and 
immobilized in a ventilated plexiglass tube to avoid increase in the intrinsic temperatu~ 
mouse. In addif on rhe-.-room...wlleriuhe stress wiJI be applied will be well ventilated. ~ 
electric shocks (b)(4) lorassS88 stimulator, [59)) will be delivered to their tails 
,at semi-random intervals of i50 to 210 s. This stress protocol is based on the helplessness 
paradigm in which animals undertake an aversive experience without possible adaptive response 
([56,.57], see [54)). The duration of srress is based on previous demonstrations that repeated 
stress sessions for 3 days are more effective than a single stress session in producing lasting 
physiological and behavioral abnormalities, such as elevations in basal plasma conicosterone 
levels, exaggerated acoustic startle responses il.11d reduced body weight [55,591. Stress sessions 
lasting beyond 3 days do not appear to produce greater physiological and/or behavioral changes 
(55,59]. The weight of mice will be monitored for stressed and control groups. 

ASR testing will be conducted with a Startle Response Acoustic Test System (Coulboum 
instruments, PA). The system is computer-based and all stimulus parameters are specified by 
entries in Windows based software with protocols saved to disk files. The audio source module 
placed above the test cage is used to provide acoustic stimuli. The software allows the use of 
either stimulus type (tone or noise). For tone stimuli, amplitude, frequency and duration, and for 
white noise stimulus duration of noise bursts is computer C()ntrolle<I. 

Two days before the stress protocol mice will be plaeed in ACS chamber with no sound 
applied for 15 min in order to acclimate them to the equipment. Then one day before exposure to 
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stress protocol, mice wilt be placed on the weight;sensitive platform in a sound;attenuated 
chamber and after chamber 1id is closed, mouse will be left in darkness for 3-5 min adaptation 
period (without startle stimuli}. Then startle stimuli will be applied (100 & 1f O dB} as a noise 
bursts of 20 ms duration, preceded or not by 100-1 SO ms pre-pulse with 68 dB intensity. Sound 
intensities will be verified by a sound meter. Six types of stimulus will be applied: IOO & 1 10 dB 
alone; with pre~pulse, pre .. pulse alone and no stimulus. Each trial type will be presented eight 
times. Trial types will be presented in random order to avoid order effects and habituation. Inter
trial intervals range randomly ftom 15 to 25 s. The mite movements in response to stimuli will 
be measure-<! as a voltage change inside platfonn and then will be ~<inverted to grams Qf body 
weight change after analog-digital conversion. These changes will be recorded as the maximum 
response occurring within Hm~200 ms of the onset of the startle-.eliciting stimulus. All acoustic 
stimuli will be administered by an amplified speaker placed above the test cage. Mice wilt spend 
not more than 15 minutes in the chamber. The ch8itiber used to ASR experiments will be 
sanitized with soap, water and then alcohol after each animal. 
All animals will be tested 1 day following the final day of the stress procedure and then the same 
day after the results will be compared to reaction that startle stimuli evoked before exposure to 
stress. During an experimental session, the software displays both numeric and response 
waveform data. A post-hoc viewer is included for critical examination trial-by4rial response 
data . 

. Rational for number of mice 

This proposal constitutes our initial award on exposure tol(b)(4) !conditions therefore limited 
or no preliminary data are available. Based on our experience in areas hippocarnpal signaling 
pathways and electrophysiology, and our previous and then published results on stress by Dr. 

l<b)(6) I and iJrt brain rnicroRNA [46,47] we used folfowing criteria to estimate group 
size. 
The tissue samples !Tom the remaining x animals !Tom each group will be collected to pedonn 
epigenetic studies as mentioned in our previously approved protocols, We will quantify histone 
H3/H4 acetylation and histone H3-Serine 10 phosphorylation or other relevant epigenetic targets 
by quantitative Western blfit, chromatin immunoprecipitation (ChIP) assays or genome;wide 
CHIP-sequencing. Quantitative real time PCR will he used to verify significant fimJings of high-
throu ut approach. We will also measure methylation differences in response to exposure to 

(b)(4) onditions, The animal number is determined by the requirement to provide suffici¢:nt 
amo\D'lt of tissue required for in-vitro analysis (ChJP experiment required many animals due to 
smatl sample amowit obtained per animals). The group size is based on results of previous 
experiments, published literature and an effect size and power analysis calculation previously 
perfonned (4 J ). 
The data gen~ated from the above experiments will be analyzed by ANOV A and differences 
with P< 0.05 will be considered statistically significant. All data will be subjected to statistical 
analysis to detennine significant differences between control and various metal treated tissues. 
For direct comparison of 2 samples, students T-test will be used. For quantitative analysis of 
Western blots, optical intensity of bands will be evaluated with MultiGuage. Gel loading 
variation will be nonna.lized with total H2A. Unpaired T~test will be used. to detect changes in: 
histone modifications in metal exposed tissues as compared to oontrols. If there are any queries 
about the statistics and data. used, then Dd(b)(6) kbiostatistieian) Will be caftsulted. 
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V.1.4. Table 

Expt Treatment 

1 

2 

3a 

3b 

4 

C57BL 

( .... (b_)(a_) _ ___.!chamber 

BalbfcJ 

Sham/Stressed 
C57BL 

V.2. Data Analvsis: 

Organs 
blood 

Lung1CNS, 
blood 

Lung,CNS, 
blood 

and 

Lung, CNS, 
blood 

Lung, CNS, 
blood 

Hippocampus 
& Cortex 

Analysis Number 

Pathological evaluation, 
15 motor test (rotarod) 

Pathological evaluation, 
motor test (rotarod) 

C hlPSeq, RNA-Seq,mi· 
RNA profiling, RRBS, 
motor test (rotarod), total 
body plethysmo51raphy 

ChlPSeq, RNA-Seq,mi
RNA profiling, RRBS, 
motor test (rotarod), total 
body plethysmography, 

225 

160 

160 

acoustic startle fesponse 360 
ChlPSaq, RNA-Seq, ml-
RNA proflling, RRBS, 
motor test (rotarod), 

Total 920 

for quantitative analysis of Western blot, image analysis will be perfom1ed [60). Data will be 
compared across shan1 and/or stressed mice. All data will be subjected to statistical Analysis to 
detennine significant differences between various treatments for stressed and sham mice. For 
direct comparison of 2 samples, Student's T-test will be used. lf several parameters are being 
compared then ANOV A will be run. The significance will be determined at a probabilit level 
of P < 0.05. If there are any queries about the statistics and data used, then Dr. (b)(6) 
(biostatistician) will be consulted. 
For behavioral experiments, 1 S animals per group are sufficient to detect a diffcrenc.e of 1.1 
standard deviations between groups with 80% power, based on a 2-group t test with a 5%, two
sided significance level. Previous behavioral studies with similar outcomes have observed 
differences in this rnnge {30J. 
We will assess differences between different groups of mice in several different parameters. 
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The .software program a statistical package Sigma Stat from Jan.del Scientific and 
GraphParllnStat from GraphPad will be used for statistical analysis. Significance will be defined 
as P < 0.05. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non~anlmal Alternatives Considered: 
The physiological effects of stTess (PTSD) are best understood in the context of the whole 

organ. Cell lines do not provide a good model for PTSD because neuronal/glia and 
neuron/neuron connectivity has undergone ex.tensive rearrangement during the stress. Computer 
models are not a viable alternative since the complexity of CNS can be model only at the levels 
of small neuronal networks with simplified e1ecttophysiologica1 characteristics and without taken 
into account metabolic and signaling pathways. Tissue culrure cannot model stress responses that 
are related to complex interactions of sensory and motor systems. Cell and tissue cultures with 
pmnammtly lransfocted receptors were considered, but these systems lack the complex Cl}llulat 
interactions and physiologic responses found in whole organisms and needed to answer our 
experimental questions. 

We have not come across any other non·animal alternatives that would mirror complexity of 
the whole animals and could model expression of mRNAs, micro·RNAs, epigenetic modification 
o'f respective promoter networks and its subtle interactions with neuronal nerworks. neuronal 
channel and receptors and signaling pathways. 

V.3.2. Antmal Model and Species Justification: 
Mice have been successfully used to model complex human neurological pathology and 

genetic conditions (for comprehensive review see book by Crawley. What's wrong with tny 
mouse?; 2nd edition, publis~er John Wiley and Son:> 200Jl We aj~nsidered rats as an 
alternative model, which Ors (b)(B) lused in their study of 
PTSD, however the potential of obtaining knockout or transgenic mice in the future targeting 
molecules involved in synaptic plasticity was a decisive factor in selection of mouse vs. rat. Our 
laboratorv has extensive experience with murine models. l(b)(4) I 

l(b)(4) I In addition extensive comparative data 
are available for studies of C57Bl mouse (see e.g. Crawley 2007 pages 19-29 and 188·191, 
www.jax.org). In order to avoid a potential ronfoooding effect of estrous cycle male mice will be 
used. In the future studies females will be used for more complete evaluation. 

V.3.3. Laboratory Animals 

V.3.3.1 . Genus & Species: 

V.3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 
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Seecies#1 
Mus musculus 

C57BI 

Species #2 
Mus muscutus 

BalbtcJ (Balb) 
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V.3.3.4. Age: 4-6 weeks 

V.3.3.5. Weight: 20-40 g 

V.3.3.6. Sex: Males 

V.3.3.7. Spectal Considerations: NIA 

V.3.4. Number of Animals Reqyired (by Soecies): 
Total 160 Balb/cJ and 760 C57BI mice will be used 
under t'11s protocol see Table in V.1.4 for details. 

V.3.5. Refinement. Reduction. Replacement (3 Rs): 

4-6 weeks 

Males 

V.3.9.1. R11finem•nt: Novel tailshock delivery device incorporating coiled wire electrodes 
embedded in soft a ar and affixed with flexible parafllm wrap will be employed (following 
suggestions of Or (b)(6) [S4]). This would allow us to avoid the traditional "alligator clip" 
and reduce injury to animal with increasing efficacy of shocks delivered. 

Mice may display different behaviors to indicate pain or distress. These include hyper- or 
hypoactivity, iMer ear discomfon indiC8ted by excessive grooming or scratching, vocalizations, 
self-trauma, unkempt appearance, respiratory distress, reduced food and water intake, head 
tilting or shaking. No distress is expected beyond the temporary discomfort during the tail shock 
and restraint periods (PTSD model). Mice that display distress behaviors that induce overt 
injuries (self-mutilation or aggression injury) will be euthanized. Mice that signs of respiratory 
distress will be monitored until symptoms improve or euthanized after 8 hours if distress persists. 
Mice with unkempt appearance OT abnormal activity levels (including head tilting or shaking) 
will be referred to veterinary staff for assessment if the condition persists for more than 8 hours. 
When possible, treannent options will be pursued before euthanization. 

V.3.5.2. Reduction: If possible, tissue from each mouse will be used in more than one 
Western Blot/mi-RNA profiling, qPCR test thereby reducing the overall number of animals 
required. In order to optimize RNA/ChlP(DNA) yield different brain regions (like cortex) will be 
considered in testing. Statistical tests will be constantly applied to the data generated, to ensure 
that the minimal number of animals necessary to obtain significant data is used. No other 
reduction alternatives were considered. 

V.3.5.3. Replacement: 

V.4. Technical Methods: 

V.4.1. ealn I Distress Assessment: 

V.4.1.1. APHIS Fonn 7023 Information: 

V.4.1.1.1. Number of Animals: 
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V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

520 
0 

240 

V.4.1.2. Pain Relief I Prevention: 

S.Q!cies#2 

160 

V .4.1.2.1. Anesthesia/Analgepiaf!ranguilization: Mice will be ancstheti7,ed with 
isoflurane before euthanasia using the drop method in a transparent bell chamber. Once the 
mouse is adequately anesthetized, demonstrated by lack of th~ pedal withdrawal reflex; the live 
mouse will be removed from the desiccator and cervically dislocated. Although isoflurane is our 
preferred method of anesthesia., it has been noted that isoflurane may int,uencc the quafity of 
neuronal survival in acute slices. Therefore if micro-RNA yield is affected we will anesthetize 
mice by IP injection of anesthetic administrated with 22·25 gauge needles in the caudal abdomen 
with sodium pentobarbital SO mg/kg (l.5 mg per 30 g mouse) (or if sodium pentobarbital creates 
interference with signaling pathways mixture of ketamine lOOmglkgl and x:ylazine 20mgfkg or 
other anesthetics recommended by vrerinarian will be used). This procedure will be performed 
by Drsl(b)(4) or personnel trained and supervised by them) and the levc;l 
of anesthesia will be assessed by toe pinching. 

Mice will be anesthetized prior to transcardial perfusion or brain removal by one of the following 
methods: overdose of isotluranc anesthesia in a "open drop" bell jar with a perforated floor to 
separate the mouse from the liquid anesthetic or 4% isofluranc/pure oxygen in an induction 
chamber; IP injection of sodium pentobarbital 50 mg/kg (1.5 mg per 30 g mouse); or a mixture 
of kctamine 1 OOmglkg and xyluine 20mgllcg. IP injecrions will be administered with 25 to 30 
iaugc needles and in a volume Jess than 0.5 ~c. This proced~re will b~ performed by Ors. 
I b)(4) kor personnel trained and supervised by him) and the level of 
anesthesia wil1 be assessed by toe pinching (lack of a pedal withdrawal reflex). For in i..•ivo 
experiments, mice will remain ancsthetizaf with either isoflurane, or ketamine/xylazine 
throughout the recording session. Anesthesia will be supplemented as needed to maintain 
unresponsiveness to noxious stimuli (toe pinch to check pedal withdrawal reflex}. Mice will be 
cuthanizcd by anesthetic overdose at the end of the experiment (in the case of isoflurane, 4% in 
oxygen will be administered until breathing ceases) followed by cef\<ical dislocation. 

Although we do not anticipate any more than momentary pain or distress from any of the 
procedures, topical anesthetics wiJl be applied to the tips of tails after tissue sampling if the 
animal appears to be in pain. A topical anesthetic spray (such as ethyl chloride spray) will be 
applied to the tail tip, followed by a small amount of EMLA anesthetic cream applied to the 
distal end of the taiL This will be rcpe.ated if the mice continue to exhibit signs of discomfort, 

For general inhalation anesthesia during recovery procedures (blood spotting), oxygen will be 
mixed with isoflurane delivered via precision vaporh~er using a rodent anesthesia machine. Mice 
will be placed in an induction chamber and exposed tQ a mixture of 02 and isotlurane (2-4%) to 
induce general anesthesia. Following induction, mice will be removed from the chamber and 
maintained on 0.25·2% isoflurane administered by nose cone. We will monitor the depth of 
anesthesia by noting response to toe pinch (pedal withdrawal reflex), mucus membrane color, 
and rate and quality of respirations. Tail snip procedures will begin once there is no pedal reflex.. 
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Waste anesthetic gases will be actively scavenged through the central vacuum system or 
passively scavenged using a charcoal canister. 

V.4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: Pre-stress 
Provision: We will identify the mice that will be used in our stress protocol and we will request 
LAM staff for additional information with regard to their behavior and appearance (e.g. skin 
lesions and external pathological changes). Mice that exhibit any sign of excessive aggressive 
behavior or any visible pathological changes will be excluded from studies. Mice will be handled 
and exposed to behavioral equipment for few minutes one day prior to experiments to minimize 
any stress effects that might result from routine handling du1ing the behavioral testing and novel 
environment stress effects. 

Post-stress Provision: After stress procedure,, mke will be clearly identified and LAM 
personnel will be notified and arrangements made so that stressed mice will be checked at least 
twice a day by LAM personnel and lab personnel to observe signs of excessive pain and severe 
distress . These signs include self-mutilation, gnawing at limbs, abnonnal breathing, unkempt 
appearance, self-imposed isolation, abnormal posture, muscle rigidity or lack of muscle tone, and 
twitching/trembling/tremor. Mice that loose weight 20% and show signs of excessive distress 
will be removed from the study and euthanized. While inside theHbH4) !chamber where 
weight measurements a.re not possible, we will use the body condition scoring technique 
descn'bed Ullman-Cullere and Foltz (Body Condition Scoring: A Rapid and Accurate Method for 
Assessing Health Status in Mice, (1999) US 49(3)319-23), We will consult veterinary staff for 
mice with a body condition score of 2+ for treatment. 

Based on our literature search results, isoflurane, and ketamine/xylazine are commonly used 
anesthesia agent.s in in vivo recordings and are capable of maintaining adequate levels of 
anesthesia. Transcardial perfusions following anesthetic overdose are also commonly performed 
to efficiently remove blood from tissue and quickly fix the tissue when perfused with 
fonnaJdehyde. The anesthetic overdose ensures that the animal experiences no discomfort. 
Microwave fixation is not appropriate for our needs as blood left in the tissue can skew analysis 
of biochemical pathways. 

V.4.1.2.3. Paralytics: None 

V.4.1.2.3. Paralvtlcs: None 

V 41 3 Literature Search for Alternatives to Painful or Distressful Procedures: . . . . 
Source Kevwords 
PubMed Non-Painful PTSD model 

· in vitro~ model PTSD 
·in vitro" animal model 
PTSD 
Mouset odorant stress 
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Mouse odor stressor 20 
Non-painful acoustic 1 
startle 
Non-oainful electric shock 5 
Mouse anesthesia 3954 
Mouse ketamine xylazine 164 
Mouse isoflurane 656 
Mouse euthanasia 301 
Mouse humane 19 
euthanasia 
Mouse transcardial 14 
oerfusion 
Mouse fixation 5217 
Mouse microwave fixation 69 
Mouse caraformaldehvde 815 

A search for in vitro models of PTSD returned only two results, one of which examined the 
effect of cancer diagnosis on PTSD-like symptoms in humans and the second was a review that 
cited the first article. Several studies have successfully used odorants, often based on odors 
associated with predators, to induce stress responses in mice. Currently1 no in vitro models of 
PTSD are available. Computer modeling of PTSD is also currently not feasible since the 
biological mechanisms leading to this condition are not sufficiently understood. Searches for 
alternatives to animal models on the USDA's Animal Welfare information Center 
(awic.nal.usda.gov) and the Johns Hopkins Bloomberg School of Public Health 
(altweb.jhsph.edu) did not identify any viable alternatives to using mice in these studies. 
Anesthesia in mice is frequently induced with a mix ofketamine and xylazine or isoflurane. Both 
approaches provide sufficient levels of anesthesia for prolonged surgical procedures beyond the 
timeframes needed for our own experiments. Microwave fixation following anesthetization is not 
appropriate for our studies as blood removal prior to fixation is required. Anesthetic overdose 
followed by transcardial perfusion of physiological saline and parafonnaldehyde is a widely used 
method of fixation. 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: PubMed, USDA Animal Welfare lnfonnation Center, 
and Johns Hopkins Bloomberg School of Public Health site for alternatives to animal 
models. 

V.4.1.3.2. Date of Search: July 6 

V.4.1.3.3. Period of Search: All 

PubMed Search Non.painful PTSD model 
PubMed Search in vitro model PTSD 
PubMed Search in vitro animal model PTSD 
PubMed Search Non-painful acoustic startle 
PubMed Search "Non painful" acoustic startle 
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PubMed Search Non-painful ''electric shock" 
PubMed Search "Non painful" "electric shock" 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 

1 
4 

The proposed model of PTSD is based on the helplessness paradigm in which animals 
undertake an aversive experience without possible adaptive response [54,56,57]. The duration of 
stress is based on previous demonstrations that repeated stress sessions for 3 days are more 
effective than a single stress session in producing lasting physiological and behavioral 
abnormalities, such as elevations in basal plasma corticosterone levels, exaggerated acoustic 
startle responses and reduced body weight [SS,59] and stress sessions, beyond the 3 days, do not 
appear to produce greater physiological and/or behavioral changes [55,59]. A similar stress 
model was also applied to mice [64]. These protocols do not produce any damage to the tail 
tissue. If such unlikely event occurs, this mouse would be removed from the studies, anesthetic 
or analgesic would be applied to alleviate momentary pain and then mice would be euthanized. 
The model of PTSD based on a learned helplessness paradigm requires exposure of the animal to 
unalleviated distress through the administration of restraint and tail-shock. 
Study endpoint is survival for 4 weeks post-stress and subse,quent behavioral testing. Mice will 
be euthanizcd by lab personnel or LAM personnel. Any mice that lose 20% weight (mice will be 
weigh only outside the pressure chamber and it will be done once a week or more often if 
recommended by Veterinarian staff) or show three or more following signs of excessive distress 
that include abnormal breathing, unkempt appearance, self-imposed isolation, abnormal posture, 
muscle rigidity, lack of muscle tone, and twitching/trembling/tremor, will be removed from the 
study and cuthanized by Jab or LAM personnel within 8 h of signs of excessive distress 
appearing. While inside theJ(b)(4) Fttarnber where weight measurements are not possible, we 
will use the body condition scoring technique described Ullman-Cullere and Foltz (Body 
Condition Scoring: A Rapid and Accurate Method for Assessing Health Status in Mice, (1999) 
LAS 49(3)319-23). We will consult veterinary staff for mice with a body condition score of 2+ 
for treatment. 

No analgesia will be applied since this would compromise the goal of this study because of the 
potential interference with mice behavior status and plasticity of the bra.in [50,51,52). 

V .4.2. Prolonged Restraint: 
No restraint in excess of three hours will be applied during this study. The total time mice 

will be restraint consists of no more than five minutes prior and post stressed whilst restrained 
for a 2-h (total restraint time= 5 min prior + 2 hour of restraint and tailshock + 5 min post = 130 
min). The immobilization and tail·shocks will be applied during the dark phase of the light-dark 
cycle. Animals will be restrained in a cloth jacket with their head and torso immobilized in a 
ventilated plexiglass tube. The duration of stress is effective at producing lasting physiological 
and behavioral abnormalities. One month after stress, mice will be euthanized and the arnygdala 
and hippocampus excised and frozen. 

V .4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: N/A 
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V.4.3.2. Procedure: N/A 

V.4.3.3. Post-surgical Provisions: N/A 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/ A 

V.4.3.6. Multiple Maior Survival Operative Procedures: NIA 

V.4.3.6.1. Procedures: N/ A 

V.4.3.6.2. Scientific Justification: N/A 

V.4.4. Anlmal Manipulations: 

V.4.4.1. lniections: IP injection of anesthetic will be administrated with 25 - 30 gauge 
needles in the caudal abdomen before perfusion with sodium pentobarbital 50 mg/kg IP (1.5 mg 
per 30 g mouse). If sodium pentobarbital creates interference with signaling pathways, a mixture 
ofketamine IOOmg/kg and xylazine 20mg!kg IP will be used. 

V.4.4.2. Biosamples: 
Except blood No tissue will be collected when animals are still alive. Tissue (brain) will be 

collected after death. Brain will be dissected from mice after euthanasia. 

Blood collection and platelet preparation 
We will follow an established procedure described e.g. [65,66]. Mice will be anesthetized with a 
mixture of ketamine and xylazine (I 00 mg/kg ketarnine and 20 mg/kg xylazine), or sodium 
pentobarbital (50 mg/kg) administered intraperitoneally. Blood will be collected into citrated 
syringes from the vena cava or by cardiac puncture. These are terminal procedures performed 
with a large gauge needle and we will collect as much blood as we can recover from each 
animal. 
Red blood cells will be removed by centrifugation and platelet-rich plasma will be recovered and 
subsequently platelets will be pelleted by second centrifugation. Half of the platelets will be 
resuspended in modified Tyrode's buffer and then platelet aggregation characteristics will be 
determined turbidimetrically as described [66). 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 

V.4.4.5. Animal Identification: Ear tag, tattoo and cage cards. 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

21 



V.4.4.6. Behavioral Studies: Male mice 5-6 week old wiJl be exposed to immobilization 
and tail shocked for 2 h per day for 3 cdnsecutive da.ys. This procedure will be done during the 
dark or actjve nhase of, the 1ight=dark cycle_ ~adapted for mice from l<bJ(6) I 

l<b)(6l ] Mice will be restrained but wrapped in a cloth jacrt and immobilized in a 
ventilated plexigtass tubeJ(b)(4) !electric shocksl(b)(4l Animal Test Cage Grid 
Floor Shocker, Coulboum_Jnstruments, USA, [59]) will be delivered to their tails at semi-random 
intervals of 150 to 210 s (Graphic State NoUUidn software, Habitest Universal Lii\k, Cm.1lbcmm 
Instruments, USA). This stress protocol is based on the helplessness paradigm in which animals 
undertake an aversive experience without possible adaptive response [54, 56, 57]. The duration 
of str~ss will be based on previo'US demonstrations that repeated stress sessions for 3 days are 
more effective than a single stress session in producing lasting physiological and behavioral 
abnonnaliiies, such as elevations in basal plasma corticosterone levels, exaggerated acoustic 
startle responses and reduced body weight [ 55,59] and stress sessions, beyond the 3 days, do not 
appear to produce greater physiological and/or behavioral changes ( 55,59). The efficiency of the 
strt:ss will be tested using behavioral te.~ting known. as a~oustic startle response (ASR). After 
stress animals will be assessed by an heightened acoustic startle and weight loss. 

Inescapable tail shock model of traumatic stress causes chronic hyperarousal [58,59J and 
exaggerated ASR [53,54], ASR is the unconditioned response to short a~ustic stimuli that is 
used to characterize the CNS response to various treatments. Augmented startle response is a 
frequent sym!)tom of PTSD and is likely related to changes in the limbic system assaciated with 
the stress [61 ]. 

ASR testing will be conducted with a Startle Response Acoustic Test System (Coulboum 
Instruments, PA). The system is computer-based and all stimulus parameters· are specified by 
entries in Windows based software with protoools saved to disk files. The audio source module 
placed above the test cage is used to provide acoustic stimuli. TI1e software allows the use of 
either stimulus type, (tone or noise). For tone stimuli, amplitude, frequency and duration, and for 
nosie simulus duration of noise bUfSts is computer controlled. 

Before the stress protocol, mice will be placed in ACS chamber with no sound applied for 15 
min in order to acclimate them to the equipment. Then one day before exposure to stress 
protocol, mice will be placed on the weight-sensitive platfonn in a sound-attenuated chamber 
and after chamber lid is closed, mouse will be left in darkness for 3-5 min adaptation period 
{without startle stimuli). Tnen startle stimuli wil1 be applied ( J 00 & 1J0 dB) as a noise bursts of 
20 .ms duration, preceded or not by I 00-150 ms pr~pulse with 68 dB intensity. Sound intensities 
will be verified by a sound meter. She types of stimulus will be applied: 100 &l 10 dB alone, with 
pre.pulse; pre-pulse alone and no stimulus. Each trial type will be presented eight times. Trial 
types will be presented in random order to avoid order effects and habituation. Inter-trial 
intef\lals range randomly from 15 to 25 s. The mice movements in response to stimuli will be 
measured as .a voltage change inside platform and then will be oonvcrte.d to grams of body 
weight change after analog-digital conversion. These changes will be recorded as the maximum 
res1mnse occurring within 100-200 ms of the onset of the startle-eliciting stimulus. All acoustic 
stimuli will be administered by an amplified speaker placed above the test cage. Mice will spend 
in the chamber not more than 15 min. The chamber used to ASR experiments will be sanitized 
with soap, water and then alcohol after each animal. 
All animals will be tested 1 day following the final day of the stress procedure and the results 
will be compared to reaction that startle stimuli evoked before exposure to stress. During an 
experimental session, the software displays both numeric and response wavefonn data. A post
hoc viewer is included for critical examination trial-by.trial response data. 
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Rotarod test. The rotarod is used to evaluate motor coordination. The mouse is placed upon the 
apparatus, which has a rotating rod. The rod is slowly accelerated from 4 rpm to 40 rpm over 5 
minutes, The number of seconds during which each mouse remains on the rod is recorded. 

V.4.4.7. Other Procedures: 

Cardiac Perf usions: The mice will be anesthetized as previously described before the cardiac 
perfusions. They will be checked by toe pinching to ensure that the anesthetic has taken effect. 
Then the mouse chest will be cut open with scissors to expose the beating heart and then 
perfused through the left ventricle of the heart with heparinized phosphate-buffered saline (I 0% 
v/v) for S min. followed by 4% (v/v) paraformaldehyde in 0.1 M sodium phosphate at pH 7.4. 
The animals will be euthanized with overdose of sodiwn pentobarbital. Tissue will be then 
cryoprotected by immersion overnight at 4°C in a solution of25% (w/v) sucrose in PBS. Frozen 
sections 20·30 microns thick will be cut on a sliding microtome with a freezing 11tage and will be 
stored in PBS containing 0.1 % sodium azide. Following a previously approved protocol we will 
investigate the bleeding time at the time of mo~e genotyping. 

V.4.4.8. Tissue Sharing: We do not anticipate that will have any extra tissue &om our 
experiments. 
Any tissue not needed for our experiments will be made available to other investigators upon 
request. 

V.4.S. Study Endpoint: Study endpoint is survival for 4 weeks post-stress and subsequent 
behavioral testing. Mice will be euthanized by lab personnel or LAM personnel. Any mice that 
show signs that include self·mutilation. gnawing at limbs, abnonnal breathing, unkempt 
appearance, self-imposed isolation, abnonnal posture, muscle rigidity or lack of muscle tone, and 
twitchinsi'tremblinsttremor, mice that lose 20% of initial body weight (measured during the 
weekly cage change as outline in Special Husbandry Provisions V.5.1.2) and show signs of 
excessive distress will be removed from the study and euthanized and euthanized by lab or LAM 
personnel within 8 h of their signs of excessive pain appearing. No .analgesia will be applied 
since this would compromise the goal of this study. While inside thd(b)(4) ~hamber where 
weight measurements are not possible, we will use the body condition scoring teclmique 
described Ullman·Cullere and Foltz (Body Condition Scoring: A Rapid and Accurate Method for 
Assessing Health Status in Mice, (1999) LAS 49(3)319-23). We will consult veterinary staff for 
mice with a body condition score of 2+ for treatment. The study will also be tenninated early if 
we are unable to maintain an adequate environment inside the chamber as outlined in the Special 
Husbandry Provisions V.5.1.2. 

V.4.6. Euthanasia: 
Decapitation after anesthesia with anesthetization as previously described (section V .4. l .2.1.). 
The scissors used for decapitation will be maintained in good working order and the blades 
checked routinely for sharpness. Mice used for immunohistochemistry will be will be deeply 
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anesthetized with injectable anesthetics then perfused transcardially as previously described. If 
additional euthanasia methods are necessary, mice will be given an overdose (100-150 mg(kg,) of 
sodium per1tobarbital IP as previously deseriboo. Mite used for RNA harvest will be decapitated 
with sharp scissors while deeply anesthetized (see V.4.1.2.1). Mice used for blood oolleotion will 
be euthanized by exsanguination after anesthetic overdose as outlined in V.4.4.2. Mice 
euthanizoo by LAM personnel will be euthanized by an overdose of cylinderized co2• 
Euthanasia will be performed in the LAM CAF. Animals will be placed in a chamber that is not 
overcrowded. With anhnaJs in the chamber, the flow rate will displace at least 20% of the 
chamber volume per minute. Gas flow will be maintained for at least one minute after a·pparent 
clinical death. Animals will be verified as dead (Jack of hean beat, lack of respirations) before 
removal of the chamber. A supplemental method to ensure. death ( cervk-al dislocation or 
bilateral thoracotomy) may be used. These methods are in compliance with the most current 
report of the AVMA Panel on Euthanasia. 

V .3. Veterinary Care: Except as noted below, routine animal husbandry will be provided 
in accordance with LAM Husbandry SOPs for each mouse in this protocol. Mice will be housed 
in standard cages up to 5 animals/cage before protocol manipulations. 

V.5.1. Husbandry Considerations: E>ecept as noted below. routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs tor each species in this 
protocol. 

V .5.1. 1. Study Room: 

Building(s) ------- Room Number(s) ______ _ 

V.5.1.2. Special Husbandry Provisions: Since the shock protocol should be 
administered during the dark phase of the light cycle therefore we request that our animals will 
be kept under reverse light cycle c-0nditions. Mice will be maintained in the._l(b_) .... (4_) __ __,, 
envirorunend(b)(4) ~harnber) for up to one week at which point the cages, food, and water 
will be changed. We request siandard filter top cages to minimize odorant stressors between 
cages. For the two and three week exposure periods, mice will be replaced in thd(b)(4) I 
chamber after the weekly cage, food and water change. We request an exception to the hi·weekly 
cage change requirement to extend the time pe-riod to one week. lf a cage runs out of water or 
food at any point or bedding becomes soaked with water, the experiment will be temporarily 
suspended until the chamber can be opened ruid the problem corrected. The experiment will then 
be continued. 

A small digital meter with a highly visible readout will be placed inside the chamber to monitor 
the internal temperature and humidity. As ambient air is used to continuously refre..~h the internal 
environment, we expe~t minimal differences between lhe chamber and room temperature and 
humidity. We will consult veterinary staff if the chamber humidity rises above 70% or 
temperature exceeds 80°F. A similar device will be included to monitor C02 levels. 

Food Restriction: 
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Fluid Restriction: Yes No 

V.5.1.3. Exceptions: 

V.5.2. Vetarfnarv M.!dical Care: 

V.5.2.1. Routine Veterinary Medical Care: Animals will be observed at least once daily 
by Center for LAM personnel, and attending veterinary care will be provided by DLAM vets as 
needed. PI or research staff will monitor the animals at least once a day during and following 
stress to monitor for signs of excessive pain. All mice that reveal 20% weight loss, (mice will be 
weigh only outside thd(b)(4) ~hamber and it will be done once a week or more often if 
recommende.<l by Veterinarian staff) ruffied fur, lethargy, loss ofri.ghting reflex will be removed 
from the study and euthanasia request wilt be sent to LAM staff ln the event. of any adverse 
reaction during the protocol procedures PI and/or his designee will be notified and they will 
consult with the Veterinarian on duty to take the most appropriate action. 

V.5.2.2. Emergency Veterinary Medi9al Ca.re; All emergency. weekend, and holiday 
care is providoo by two animal husbandry technicians, one or more veterinary technicians, and 
an on-call veterhuuian. Essential husbandry procedures and health rounds are conducted by 
LAM personnel once daily duri ng weekend and holidays. 

V.5.3. Envlroamental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents; balls, 
toys and food enrichment treats for large animal species. 

V.5.3.2. Enrichment Restrictions: N/A 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

Protoool activity rx Name of person performing 
prooodu1e acttvily 

lntraperitoneal ln19Clions (b)(6) 

Jntraperitoneal injectlons 

lntraperiton&al if\iections 

lnbapefiloneal injections 

lnlraperiloneal i~ 

rntrap&nlonool lnjeetiol"IS 
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Ouallt\c8tions of person 
perfooning ac1lvlty 

18 yrs experience 

8 yrs &Kperienc& 

0 yrs eiq>erience (wi11 be 
SUpeMSed by Pl) 

o Y'$ experience (will b4I 
s\.C)41Msed by Pl) 

0 YJW oicperience (>Mil be 
~sedbyPI) 

0 yrs (lj(j)lfi &nee {Wll I be 

Specific training in this 
acffvlty 01 proced11c 

1, 2, 4 

1, 3. 5 

1, 3 

1. 3 

1, 3 

1, 3 
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technician 

gas onosthc&ia (b)(6) 
lldr'r'lillistration 

gas aneslheSia 
administra~n 

gas 1n1st1esia 
administratiOn 

gas anesthesia 
ac'ministtation 

gas anesll'lesia 
admiristration 

gas aneslhesia 
i!dministration 

Ce!Vlcal dislocation 

C~rvical disloatlon 

Corvical dislocatlon 

Cervical disloea~on 

Cervical dislocali<m 

0111:8 pilation 

Decapl tallon 

Oecapil31ion 

oecapira!IOn 

Decapllatlon 

Decaplraoon 

Acoustic startle 

Acoustic startle 

Acoustic $lartle 

Aeoos1;e st&~le 

Acous lie sl.a rtle 

Acoustic 3tert1e 

Sires$ procedure 

St19!1S procedure 
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supl!fViSe<l by Pl) 

18 yrs exiierience 1. 2. 4 

7}'1'$&XP~te 1, 3, 5 

3 yrs experitM\ce {will be 1, J 
supervised by Pl) 

3 yrs e:i:i:;ei:ience (wiR be 1. 3 
supervised by Pl) 

2 yrs experience (will be 1. 3 
supervised by Pl) 

3 ~ experience (will be 1. 3 
supervised by Pl) 

18~ experien<:e 1, 2. 4 

8 yrs i!xperlene& 1. 3. 5 

O yrs eiq>erieoce (will be 1, 3 
superviSed by Pl) 

O yrs eicperience (wlll be 1, 3 
supeMS8d by Pl) 

0 y~ e~rionce (will be 1, 3 
supervised by Pl) 

18 yrs exoerience 1. 2. 4 

8 yrs experia'lCe 1. 3. 5 

0 yrs experience (will be 1. 3 
SUP8(Vised l1f Pl) 

o yrs erpertence {wlll Ile 1,3 
supervised l1f Pl) 

o yrs experience (will be 1. 3 
SU perv1sed b)f PI) 

o yrs ei<perlence (will be 1. 3 
supervised by Pl) 

3 yrs eKperience 1.2.4 

3 yrs expcirience 1,3 

O yrs experience (will be 1. 3, 5 
s~sedbyPI) 

3 yrs eiq>&ri erle6 1. 3 

O yrs experience (Wiii be 1, 3 
s~r-.isedbyPI) 

0 yrs experi«lee ('NiM be 1. 3 
s~edbyPt) 

3 year$ experi~ 1, 2. 4 

O yis e.1q1erience (w.11 be '· 3. 5 
SuJ)llNISed by Pl) 
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Sito~!! prooedute b)(6) 3 yrs experience 1, 3 

Stress proceaure 0 yrs eicpenence (IMil be 1·. 3 
SUpef'o'iSed by Pl) 

~ 

Stress proeedure o yrs e)(p&rience (1A;11 be 1, 3 
supervised by Pl) 

1) Training from USU invesli911tor training rourse 

2) Training fl'om NIH stalT <Ming previou~ employment at NIH and u~e of rodenl$ on app<oveel protocols. 

3) Training from Pl/Lab stair 

4) Tnilni~ trcm jjOsrdOeto~t ixP4if/lifl(j{j in IU!ly (Dr~ ... (b_)_(6_) ____ ..J, 

5) Training from veterinary staff at Com&ll University and University of Ma~at'ld SchOol ol Medicine 

l(b)(6) 

VII. BIOHAZARDS/SAFETY; 15ot1urane/o}(yg~ used for anesthesia wjlJ be used under 
fume/chemicaJ hood to prevent exposure of personnel to the vapors. When handling animals all 
personnel wm wear personal protective equipment including lab coats, face masks and gloves to 
minimize exposure to rodent allergens. Parafonnaldehyde, used in perfusions, will be weighed 
out and used in a fume/chemical hood, with personnel wearing gloves, lab coats artd face masks 
to prot«t from noxi<>us fumes. All perfusions will also w1th similar precautions to minimize 
exposure to vapors. 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: Tl'ie animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the \ACUC prior to its implementation. 

B. Duplication of Effort I have made a reasonable, good faith effort to ensure th.at 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal. and that the 
"minimum number of animals needed for scientific \lalidity are used." 

D, Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biO$afety, recombinant i$sues; and so forth, in the preparation of this 
protocol. 

E. Training; I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

o-c~OC\. 20\,1... 
Date 

G. Training; The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
oblig.ations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the healtti, 
comtort, welfare, and well-being of the research animals. Additionally. I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced; namely; 
"Responsibility" for implementing animal use alternatives where feasible and conducting 

humal£)if,lld lwaWil llillillilD;h o 

. OL. O!{ :iOt L 
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Principal Investigator Signature Date 

I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause mere than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have cons(jered alternatives to such procedures; however, using the 
methods and sources described ln the protocol. I have determined that alt~rnative 
procedt (b)(6) lish the objectives of this proposed experiment. 

i 
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X. PROTOCOL AB§TRACT: 

A. Animal Protocol Number: 

8. Anlmal Protocol Title: Epig•netit biomafkers of post-traumatic stress 
disorder in mouse model in constant pressure environment 

C. Prlnclpal lnvestlgator: ... l(b-)(-S) ____ _.IPhD 

D. Perfonning Organization: Department of Anatomy, Physiology and Genetics 

E. Funding: AFMSA, DoO 

F. Objective and Appcoach: In the proposed project, we will determine a genome wide list 
ot' targets affected by exposW'e td(b)(4) bonditions alone and in combintitfon with stress. 
We will perform. bioinforma.tics functional pathway analysis to unravel the signaling 
pathways involved and prooosc future treatment targets for PTSD. We will test the impact of 
differential time c1Y1..irse oi<bl(4) !exposure on mouse behavioral phenotypes as we-U as 
hematological, pulmonary and central nervous system pathologies. We plan to determine 
· enome .. wide epigenetic profile in mouse brain, blood and lung tissues exposed t~(b)(4 ) ] 
(b)(4) pressure/oxygen ~onditions. We wiJJ identify genome-wi.de i enetic pro 1e in 
brain, blood and lung tissues of stressed mouse ex.posed to (b)(4) ressureloxygen 
conditions. 

G. 10,dexing Jenns (~es~riptom>: M~use. Str~ss, ~ippocam~us, Amygdala, ChtPS!0;91 
:RNASeg, mi-RNA-Seq, Methylation, PTSD, Signaling Pathways, (b)(4) I 

l(b)(4) I 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES BRiOOE ROAO 

BETHESDA, IAARVlAND 208 1 ~-4799 

June 19.20l3 

MEMORANDUM FOR DR~_....(b.,...,)(...,..6) ___ __,loEPARTMENT OF ANATOMY, 
PHYSIOLOGY AND GENETICS 

SUBJECT: lACUC Approval of Protocol - Triennial Review 

The following application was reviewed and approved by the Unifonncd Services vniversity 
of the Health Sciences (USUHS) lnstiiutional Arlimal Care and Use Committee (IACUC) via Full 
Committee Review on June 19, 2013: 

Animal Protocol Title; ' 1Targeting the 2-AG Hydrolyzing Enzymes MAGL and ABHD6 for the 
Treatment of EAE (rat and mouse)" 

USUHS Proto~o l Number: ... l(b_)-(6_> ___ _. 

E~J2jration__Datc : June 18, 2016 

Sypporting Grant(s} Numher: .... ~b_J_cs_) -----~ 

Name of Principal Investigator: Dr .... l (b_)_(6_) __ ___, 

The USUHS has an Animal Welfare Assurance on file with the Office for Laboratory Animal 
Welfare (OLA W), National Institutes of Health ('NIH). The Assurance Number i~ (b)(S) !The 
IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review must be 
corr1plcted by the anniversary date ofthe procoool. lf work is to be continued past the expiration 
date, a triennial review must be completed prior to the expiration date in order for work to be 
uninterrupced. Protocol ex: pi ration dales may not be extended. and no animal work may be done 
without an approved protocol. Ahhough the IACUC may send reminders, it is the investigator's 
responsibility to submit an annual review fonn (Fonn 3206A) at least 30 days in advance, or a new 
Form 3106 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJl(b){S) ho schedule a 
pre-protocol planning mccting l(b)(6) --~ This meeting must occur to ensure animal numbers are 
loaded in the CART system and LAM resources are available to meet our needs. 

cc: 
Office of Research 

(b)(6) 

(b)(6) h.D. 
ice- air, nst1tutional Animal 

Care and Use Committee 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET I.A.CUC Date St1mp 

l(b )(6) 

PROTOCOL NUMt}ER: ._ ___ ~ 

PROTOCOL TITLE: 
Targeting the 2-AG Hydrolyzing Enzymes MAGL and ABHD6 for the Treatment of EAE 
(rat and mouse) 

GRANT TITLE (if different fr:om above): 
Role of iPLA2 In Oligoaendroeyte Toxicity Induced by Reactive Micr-oglia 

USUHS PROJECT NUMBER: USUHS GrantJ<bl(6l loMRDP Research Grantf ..... (b_l<6_l _ ___,, 

FUNDING AGENCY: 
The Oefense Meciieal Research anct Development Program (rJMRCP): USU HS 

EARLIEST ANTICIPATED FUNDING START DATE: Current 

PRINCIPAL INVESTIGATOR: 

~(b)(6) 
Ae_G l(b)(B) I o'>/l.4-/13 

u 0 Department Office/Lab Telephone Date 

SCIENTIFIC REVIEW; This animal use proposal received appropriate peer scientific 
review (b)(6) d scientific research practice. 

Professor 
Title 

l(b)(6) 

Telephone 
or.u~ 013 
Date 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not exces$ive, and the statistical design is appropriate for the intent of the 
study. 

l(b)(6) J ... (b"'""')( ..... 6)~~~~~~......._ ____ .......... ...___ 

..- APG 
Sta Depar1ment Telephone 
Typed Name: 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations. 
the Attending Veterinarian was consulted in the planning of procedures and 
mani ulations that ma cause more than slight or momentary pain or distress, even if 

(b)( ) 
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l
(b)(6) 

ANIMAL PROTOCOL NUMBER: ........................................ 

PRINCIPAL INVESTIGATOR: 
l<bX6) fnatomy, Physiology, and Genetics ..... (<b_J_<6_J ------J 

ANIMAL PROTOCOL TITLE: 
Targeting the 2-AG HydrolY21ng Enzymes MAGL and ABH06 for the Treatment of EAE 
(rat and mouse) 

GRANT TITLE <if different from above>: 
Role of iPLA2 in Oligodendrocyte To>Cicity Induced by Reactive Microglia 

USUHS PROJECT NUMBER: USUHS Research GrantJ(b)(6) I DMRDP Research Grant, 
l<b )(6) I 

CO-INVESTIGAIORCSl: 
l(b)(6) 

TECHNICIANS(S): 

I. NON· TECHNICAL SYNOPSIS: 

EnhanGement of endoc;annabinoid signaling has recently emerged as an alternative and 
attractive strategy for the treatment of multiple sclerosis (MS) and other neurological diseases. It 
is generally believed that boosting the endogenous levels of anandamide (AEA) and 2· 
arachidonoylglycerol (2-AG) can activate cannabinoid receptors in a site-and event- specific 
manner without causing psychotropic side effects, Although 2-AG is the dominant 
endocannabinoid in the brain and spinal cord, and has been shown to regulate cell viability, 
differentiation, synaptic plasticity and immune function, it is still undear how modulating its 
biosynthetic and hydrolytic enzymes can affect the pathogenesis of MS. We hypothesize that 
tnere is an altered expression of 2-AG signaling components in experimental autoimmune 
encephalomyelitis (EAE) and that boosting the endogenous levels of 2-AG by targeting its 
hydrolyzing enzymes, monoacylglycerol lipase (MA(jL) and alpha/beta nydrolase domain 6 
(ABHD6), can ameliorate EA~ by both shared and independent mechanisms. We aim to use 
primary cultures of olidendrocytes derived from mouse or rat brain to elucidate the role of 2·AG 
in the development and treatment of EAE with phannaco•ogical and geneti<; tools. 

II. BACKGROUND: 

11.1. Background: 

MS is one of the most common neurological diseases in young adults. It affects 250,000-
350,000 people in the United States and 2·3 million people worldwide (1. 2). The pathological 
hallmarks of MS are multifocal inflammation. demyelination, gliosis, oligodendrocyte death and 
axonal injury. Accumulating evidence indicates that neurodegeneration occurs not only as a late 
consequence of axon demyelination in MS, but also as a very early event (3, 4). Therefore, 
agents targeting both inflammation and neurodegeneration at the early stage might be desirable 
for the treatment of MS. 
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A growing body of evidence suggests that cannabinoids, either exogenous (plant-derived 
and synthetic) or endogenous, are efficacious for the treatment of several animal models of MS 
(5). The regulatory action of cannabinoids in EAE-induced neurodegeneration is largely due to 
cannabinoid type 2 (CB2) receptor-mediated modulation of the inflammatory response and CB1 
receptor-mediated neuroprotection (6, 7). However, the clinical application of synthetic and 
plant-derived cannabinoid agents in MS is still limited by the potential psychoactive effects 
caused by CB1 receptor activation. Although CB2 receptor activation is supposed to avoid the 
psychotropic effects, it is difficult to separate the action of CB1 and CB2 receptors exerted by 
exogenous cannabinoids because of the limited selectivity of the compounds and the interaction 
between CB1 and CB2 receptors (6, 9). Therefore, boosting the endogenous levels of 
cannabinoids is now becoming a novel and promising strategy to halt the progression of 
neurological diseases. 

In this animal protocol, we will use the primary cultures of microglia and oligodendrocytes 
from mouse or rat brain and the mouse EAE model of human MS to elucidate the significance of 
different pools of 2-AG in the development and treatment of MS through selectively targeting the 
2-AG hydrolytic enzymes, MAGL and ABHD6. 

Ref ererences: 
1. Compston A & Coles A (2002) Multiple sclerosis. Lancet 359(9313):1221-1231. 
2. Kurtzke JF ( 1993) Epidemiologic evidence for multiple sclerosis as an infection. Clin 

Microbial Rev 6(4):382-427. 
3. Wujek JR, et al. (2002) Axon loss in the spinal cord determines permanent neurological 

disability in an animal model of multiple sclerosis. J Neuropathol Exp Neural 61 (1 ):23-32. 
4. Centonze D, Finazzi-Agro A. Bernardi G, & Maccarrone M (2007) The endocannabinoid 

system in targeting inflammatory neurodegenerative diseases. Trends Pharmacol Sci 
28(4):180-187. 

5. Kubajewska I & Constantinescu CS (2010) Cannabinoids and experimental models of 
multiple sclerosis. lmmunobiology 215(8):647-657. 

6. Maresz K, et al. (2007) Direct suppression of CNS autoimmune inflammation via the 
cannabinoid receptor CB1 on neurons and CB2 on autoreactive T cells. Nat Med 13(4):492-
497. 

7. Pryce G & Baker D (2012) Potential control of multiple sclerosis by cannabis and the 
endocannabinoid system. CNS Neural Disord Drug Targets 11 (5):624-641. 

8. Pertwee RG (2009) Emerging strategies for exploiting cannabinoid receptor agonists as 
medicines. Br J Pharmacol 156(3):397-411. 

9. Callen L, et al. (2012) Cannabinoid receptors CB1 and CB2 form functional heteromers in 
brain. J Biol Chem 287(25):20851-20865. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: 
BRO; RePORT; PubMed. 

11.2.2. Date of Search: 
04119/2013 

11.2.3. Period of Search: 
1983 - 04/19/2013 
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11.2.4. Key Words and Search Strategy: 
Experimental autoimmune encephalomyelitis (EAE), anandamide (AEA), 2-arachidonoylglycerol 
(2-AG), monoacylglycerol lipase (MAGL), a/~ hydrolase domain 6 (ABHD6), cannabinoids, 
mice, rats. 

BRD: experimental autoimmune encephalomyelitis (EAE): (0). 
RePORT: EAE (243) 
PubMed: 
EAE (9384) 
monoacylglycerol lipase (626) 
ABHD6 (20) 
2-arachidonoylglycerol + EAE (5) 
monoacylglycerol lipase + EAE (0) 
a/~ hydrolase domain 6 + EAE (0) 
cannabinoids + EAE (51) 

11.2.5. Results of Search: 

There is a growing body of evidence that cannabinoid compounds are effective in the animal 
models of MS, and sativex, a cannabis-based medicine composed of delta-9-
tetrahydrocannabinoid and cannabidiol, has been used to treat pain and plasticity in Canada 
and some European countries for MS patients. However, the use of sativex in MS patients has 
not yet been approved in US a major concern is that this drug may still cause psychotropic 
effect via activation of CB1 receptor, although it has been clearly demonstrated to reduce pain 
and spasticity in MS patients. Although the use of CB2 receptor selective agonists can avoid the 
psychotropic effect and is also shown to be effective in the animal models of MS, there is a 
general consensus that activation of CB2 receptor mainly suppresses the inflammatory and 
autoimmune response, whereas activation of CB1 receptor provides neuroprotective effects. 
Therefore, targeting both CB1 and CB2 receptors might be necessary for the maximum 
therapeutic effects of cannabinoids. It is known that endocannabinoids are synthesized on 
demand and enhancement of their endogenous levels at the site of injury can exert protective 
effects and prevent activation of CB1 receptor non-discriminately. However, this theory has not 
been tested in MS studies because of the lack of selective pharmacological and genetic tools. 
Several selective and highly potent inhibitors of 2-AG hydrolysis have been developed in recent 
years, but so far no studies have been reported regarding their efficacy in the animal models of 
MS. In this protocol, we will test the role of the selective MAGL inhibitor JZL 184 and the ABHD6 
inhibitor WWL70 in the EAE mouse model. 

Ill. OBJECTIVE\HYPOTHESIS: 

Objective: To examine the expression pattern of 2-AG signaling components and determine the 
therapeutic efficacy of inhibition of 2-AG hydrolyzing enzymes MAGL and ABHD6 in EAE. 

Hypothesis: Boosting the endogenous levels of 2-AG by targeting its hydrolyzing enzymes, 
MAGL and ABHD6, can ameliorate EAE. 

IV. MILITARY RELEVANCE: 

Multiple sclerosis is a chronic demyelinating disease of the central nervous system. The 
cause remains unknown but probably involves a combination of genetic and environmental 
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factors. The average age of onset is between 20 and 40 years of age. Currently there are about 
350,000 peo151e in the United States suffering from MS. MS is also relative frequent in the 
military population. It has been re.ported that the rate of multiple sclerosis is rising among Gulf 
War Veterans. Currently more than 25,000 veterans from all wars have been diagnosed with 
MS, which is now recognized as one of the !>erviee eoi'lru:Jeted chronf e diseases in the United 
States. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

The long-term objective of the proposed research is to elucidate the role of 2-AG in the 
development an(j treatment of EAE. Our central hypothesis is that b00$til'\g the endogenous 
levels of 2-AG by targeting its hydrolyzing enzymes, MAGL and ABH06, can ameliorate EAE. 

To test our hypothesis, we will test 1) the therapeutic efficacy of inhibition of MAGL aM 
ABHD6 in EAE; and 2) whether mice with targeted gene deletion of OAGLo are vulnerable. 
whereas mice with either MAGL and A8HD6 knockout or knockdown are resistant to EAE. 

Several of the mouse strains used in this protocol will be bred under a separate breeding 
protocol because the models are not commercially available or the animals are not available al 
the age, size, quantity, etc., required for this research project Founder animals will be obtained 
from the sources listed in the breeding protoooL 

Our detailed experiments are listed as follows: 

(b)(4) 
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(b )(4) 

V.1.3. Experiment 3: Test the therapeutic eff1cacy of inhibition of MAGL and ABHD6 In 
EAE mice. 

JZL 184 has been shown to selectively inhibit the actiVity of MAGL and increase the 
endogenous levels of 2-AG in a dose-dependent manner. Acute inhibition of MAGL by JZL 184 
a140 mgfkg elicits a 10-fold increase of brain levels of 2-AG and produces cannabimimatic 
effect Chronic treatment with JZL 184 at 40 mg/kg for 6 consecutive days sustains the brain 
levels of 2-AG but causes CB1 receptor desensitization and beha11loral tolerance. However, 
treatment with JZL 184 at 8 mg/kg for 6 oonsecutive days remains its anesthetic and anxiolytic 
properties, suggesting at optimal concentration, the inhibitor of MAGL might be more 
therapeutically beneficial" Consistently, our studies have suggested that chronic inhibition of 
ABHD6, which is known to cause a moderate increase of 2-AG in the CNS, is effective in a 
mouse ITH;itiel of traumatic brain injmy. To test aM compare thti therapeutic effectiveness of the 
inhibition of MAGL and ABH06, female 7- to 9-week-old C57BU6 mice will be used for EAE 
induction and then treated with JZL 184 and WWL70. JZL184 at 2. 4 and e mg/kg and WWL70 
at 2, 4 and 8 mg/kg will be given intraperitoneally starting at the immunization (day 3) or at the 
disease onset (usually occurs around day 10) after EAE induction, and then once a day for 28 
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days. All the drugs will be dissolved in 200 µI 1 % DMSO and given intraperitoneally. Our 
preliminary studies showed that treatment with WWL70 at 10 mg/kg or JZL 184 at 10 mg/kg daily 
{i.p.) for 3 weeks reduced neurological signs of EAE and did not show any toxic effect by the 
drugs per se. Therefore, we anticipate at the dose range chosen for this study, no drug toxicity 
should be observed in the treated animals. 

At 14 and 28 days after EAE induction, animals will be euthanized and the spinal cord 
tissues and coronal sections will be used for western blot and immunohistochemistry (IHC), 
respectively. To determine the role of JZL 184 and WWL70 on inflammatory response, T cell 
infiltration and microglia/macrophage accumulation in the spinal cord white matter will be 
examined using lHC. The expression of iNOS, components of NADPH oxidase (gp91 phox and 
p67phox), COX-1/2, PGES-1 and the EP1-4 receptors in spinal cord will be assessed by 
western blot and IHC. The expression of GLT-1, a glutamate transporter which maintains the 
glutamate in the synaptic cleft below the toxic levels, will be also examined by western blot. The 
role of JZL 184 and WWL70 on EAE-induced demyelinalion and axonal injury will be examined 
by analyzing the immunoreactivity of MBP, NF-200 and SMl32. Oligodendrocyte progenitor cells 
{OPC) and mature Ols will be examined using antibodies against NG2 and CC1, respectively. 

This study will require 7 animals per group to have 80% power to detect a difference of 2 
points on a 0-5 point scale of clinical signs, using at-test with a 5%, 2-sided significance level. 
We will use 10 mice/group because we expect 7 out of 10 to develop EAE. Therefore, the total 
number of animals used in this experiment (10 animals/group x 2 time points for 
treatmenVgroup x 8 groups =160) is listed below: 

Treatment Number of animals 
Control 20 

EAEJvehicle 20 

EAE/JZL 184 {2 mg/kg) 20 

EAEJJZL 184 (4 mg/kg) 20 

EAE/JZL 184 {8 mg/kg} 20 

EAENJWL70 (2 mg/kg) 20 

EAENVWL70 (4 mg/kg) 20 

EAEPNWL70 (8 mg/kg) 20 

V .1.4. Experiment 4: Test whether inhibition of the 2-AG hydrolytlc enzymes affect the 
2·AG signaling components with/without EAE Induction. 

To determine whether treatment with the MAGL and ABHD6 inhibitors can affect the 
expression and function of the 2-AG signaling components, EAE mice will be given JZL 184 (8 
mglkg, i.p.) and WWL70 (8 mg/kg, i.p.) starting at day 3 post-immunization and then once daily 
until day 28. The same concentration of drugs will be also given to control animals without EAE 
induction. Animals will be euthanized at 14 and 28 days and the brain and spinal cords are 
immediately dissected, immerged in liquid nitrogen and kept in -80°C freezer. The expression of 
2-AG synthetic and hydrolytic enzymes DAGLa, OAGLl3. MAGL and ABHD6 and the expression 
of CB1 and CB2 receptors in the spinal cord will be assessed by real time PCR and western 
blot. Cannabinoid receptor density and function will be also examined by measuring the 
radioactive activity of [3H]-CP55940 binding and CP55940 stimulated 355-GTPyS binding, 
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respectively. The levels of 2·AG, arachidonic acid (AA) and prostaglandins {PGs) in lipid 
extracts from spinal cord will be analyzed by reverse phase HPLC coupled with tandem mass 
spectrometry (LC/MS/MS). The total number of animals {10 animals/group x 2 end time points x 
6 groups= 120) is as follows: 

Treatment Number of animals 

Vehicle 20 

JZL 184 (B mg/kg) 20 

WWL70 (8 mg/kg) 20 

EAE/vehicle 20 

EAE/JZL 184 (8 mg/kg) 20 

EAE!WWL70 (8 mg/kg) 20 

V.1.5. Experiment 5: Detennlne the cannabinoid receptor dependency of the MAGL 
and ABHD6 Inhibitors In the treatment of EAE. 

To determine whether the therapeutic effects of the MAGL and ABHD6 inhibitors are 
mediated by activation of CB 1 and CB2 receptors, we will perform another set of study to treat 
animals with JZL or WWL70 together with CB1 receptor antagonist AM281 and CB2 receptor 
antagonist AM630 alone or their combination. For this experiment, the optimum dose of JZL 184 
and WWL70 obtained from the Experiment 3 will be used. All drugs will be dissolved in 1% 
DMSO and will be given intraperitoneally at the immunization (day 3) or at the disease onset 
(usually occurs around day 10) after EAE induction. All the drugs will be dissolved in 200 µI 1 % 
DMSO and given intraperitoneally. The treatment groups and the total number of animals {10 
animals/group x 2 time points for treatment x 10 groups =200) are listed as follows: 

Treatment Number of animals 

Control 20 

EAE/vehicle 20 

EAE/JZL 184 20 

EAE/JZL 184 + AM281 (3 mg/kg) 20 

EAE/JZL 184 + AM630 (3 mg/kg) 20 

EAE/JZL 184 + AM281 + AM630 20 

EAEN.JWL70 20 

EAEIWWL70 + AM281 (3 mg/kg) 20 

EAEIWWL70 + AM630 (3 mg/kg) 20 

EAENVWL70 + AM281 + AM630 20 

V.1.6. Experiment 6: Use of ABHD6 slRNA injection in EAE mice. 

At 14 and 28 days after EAE induction, the expression of ABHD6, MAGL, CB1 and CB2 
receptors in the lumbar spinal cord of both ABHD6 siRNA and RISC-free siRNA administered 
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(i.v.) mice will be examined using real time PCR, western blot, and IHC. 2 mg/kg siRNA in 
phosphate-buffered saline (PBS) will be injected into the tail vein as described (Yang et al. Ann 
Neurol. 201 O: 67:498-507). We will use radiolabeled cannabinoid receptor agonist and 
antagonists to determine whether the expression and function of cannabinoid receptors are 
altered in siRNA injected mice. At 14 and 28 days after EAE induction, the spinal cord levels of 
2-AG, AA and PGs and ABHD6 activity will be also evaluated as described above. The total 
number of animals (10 animals/group x. 2 time points/group x 4 groups= 80) is listed below: 

Number of animals 
siRNA 

ABHD6siRNA 20 

R!SC-free siRNA 20 

ABHD6 siRNA/EAE 20 

RISC-free siRNNEAE 20 

V.1.7. ExR!rlment 7: Use of iPLA2 Inhibitor in EAE mice. 

Our preliminary results found that bromoenol lactone (BEL), a selective calcium independent 
PLA2 (iPLA2) inhibitor, significantly attenuated peroxynitrite formation in reactive microglia and 
microglia induced toxicity to OLs. This result suggests that BEL may ameliorate the disease 
progression of EAE. Female C57BU6 wild type mice (8- to 10 week old) will be used for the 
induction of EAE and then treated either with BEL or vehicle alone (equal volume of DMSO, 
used to dissolve BEL). Mice will be treated with 0.5 mM or 2 mM BEL (200 µI, i.p.) starting on 
day 3 after the first 2 days of EAE induction or on day 12 after the disease onset, followed by 
daily injection of the inhibitors (200 µI at 0.5 mM or 2 mM) until day 28. Behavioral monitoring 
will continue up to 60 days. The clinical scores will be compared in each group. 

The study will require 7 animals per group to have 80% power to detect a difference of 2 
points on a Q.5 point scale of clinical signs, using at-test with a 5%, 2·sided significance level. 
We will use 1 O mice/group because we expect 7 out of 10 to develop EAE. Therefore, the total 
number of animals used in this experiment ( 1 O animals/group x 2 time points for 
treatment/group x 6 groups = 120) is listed below: 

Treatment Number of animals 
Vehicle 20 
BEL (0.5 mM) 20 
BEL (2 mM) 20 
EAE 20 
BEL (0.5 mM)/EAE 20 
BEL (2 mM)JEAE 20 

V.1.8. Experiment 8: Cultures of oligodendrocytes from neonatal rats and mice 

Oligodendrocyte cultures from control and transgenic mice (C57BL6/NTacl DAGLa 

USUHS Form 3206-Re11ised October 2008 
Previous 11er.>ions are obsolete 

10 



-!-, 129SvEv/C57BL6J, DAGL~ -/-and MAGL -/-)will be prepared according to methods that 
have been used routinely in our lab to produce highly enriched stage specific rat 
oligodendrocyte cultures. Postnatal day 0-3 rats and mice will be anesthetized with hypothermia 
in an ice water bath and then decapitated. The brains will be removed, cleaned of meninges, 
dissociated to single cells suspensions, and plated under conditions for growth of 
oligodendrocyte cultures. For cultures of premyelinating Ols (preOLs), platelet-derived growth 
factor (PDGF) and fibroblast growth factor (FGF) are added in the culture medium. For the 
cultures of mature Ols, the growth factors are switched to T3 and CNTF after 7 days in the 
culture medium for preOLs. 

For cell cultures using transgenic mice, we estimate that we may require approximately 8 
pups per primary culture. We expect to use approximately one primary culture every other 
month, or 6 per year, for a total of approximately 20 (which include 10% additional for 
unexpected problems or contamination within the culture, i.e.18 + 2 = 20) over the 3 years of 
our study. 20 primary cultures per strain x 5 strains x 8 pups per primary culture = 800 pups 
over the 3 years will be needed for culture preparation. For cell cultures using rats, we estimate 
that we may require 10 rat pups (and one mother rat) per primary culture. We expect to use 
one primary culture every other week {26 primary cultures per year x 3 years x 10 pups per 
culture AND 1 dam per culture= 780 pups and 78 dams= 858 rats) for testing the response of 
dlfferent stages of oligodendrocytes to oxidative stress. The total number of animals required for 
culture experiments is listed as follows: 

Animals 

Rat 

Mouse 

Mouse 

V .2. Data Analysis: 

Numbers over 3 years 
858 

800 

980 

Age 

Pups (780); mother {78) 

Pups 

Adults 

Statistical methods and other calculations used to determine the group's sizes and total 
numbers of animals are listed under the individual experiments. Prism statistical software and 
graphing, from GraphPad, will be used for data analysis. Student t-tests will be used to compare 
the cell density measures. The chi square test will be used to compare the expression 
differences of proteins interested. ANOVA with post hoc analysis will be used to monitor the 
neurological deficits across the multiple disease time points. 

V.3. Laboratory Animals Required and Justification: 

V .3.1. Non.animal Alternatives Considered: 

We will use the primary oligodendrocyte cultures derived from rat or mouse brain to study 
the signaling mechanisms of oxidative stress induced toxicity. However, because of the complex 
cell-cell interactions and multiple signaling pathways involved in the real setting of the disease 
models, an intact animal model system is required. Our in vitro systems lack the complexity 
required to comprehensively evaluate the disease process and the interrelated effects of various 
manipulations on the disease course. We will use several transgenic mouse models to study 
whether targeted signaling molecules in the pathways of oligodendrocyte toxicity found in vitro 
play critical roles in the pathogenesis of multiple sclerosis. 
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V.3.2. Animal Model and Species Justification: 

Complete Freund's adjuvant (CFA) is used for emulsifying the myelin proteins and induction 
of EAE. Although several alternative adjuvants (monophoshoryl lipid A/trehalose 
decorynomycolate, aluminum hydroxide, titermax, ribi, syntax adjuvant formulation) have been 
used to introduce peptides, antibodies or vaccines in modulating the immunological responses 
in several model systems, none of these adjuvants has been used in inducing EAE. The 
injection of myelin peptides emulsified in incomplete Freund's adjuvants can, in fact, render the 
mice resistant to the induction of EAE (Marusic and Tonegawa, 1997}. To study the pathogenic 
mechanisms and the pharmacological intervention of the disease activity, we will use myeHn 
proteins emulsified in complete Freund's adjuvant to induce EAE, a commonly used and well 
established model system. 

Myelin oligodendrocyte glycoprotein (MOG) is one of the major myelin proteins used to 
induce EAE in mice, which resembles the human disease multiple sclerosis. The greater 
incidence in female population and the better immune response observed in female mice 
suggest that female mice will be ideal in use for the study of mechanisms of the disease. We 
have chosen the spectfic transgenic mouse lines to help us gain more direct evidence for testing 
the involvement of specific molecules in the pathogenesis of the disease. JZL 184 has been 
shown to selectivety inhibit the activity of MAGL and increase the endogenous levels of 2-AG in 
a dose-dependent manner. Acute inhibition of MAGL by JZL 184 at 40 mg/kg elicits a 10-fold 
increase of brain levels of 2-AG and produces cannabimimatic effect. Recent genetic evidence 
demonstrates that DAGLa and MAGL are the principal enzymes for 2-AG synthesis and 
degradation, respectively. 2-AG is the dominant endocannabinoid and a key regulator of 
synaptic communication in the CNS. ABHD6 is a newly identified 2-AG hydrolyzing enzyme and 
responsible for only 4% 2-AG inactivation in brain homogenate. However, it contributes to 40% 
of 2-AG hydrolysis in neurons and has an additive effect with MAGL. Although ABHD6 is known 
to be expressed and attributable to the 2-AG hydrolysis in BV2 cells, its expression and function 
in primary cultures of microglia have not been confirmed. With specific gene knockout mice and 
siRNA injection into mice, we will get a better understanding of the inhibition of 2-AG 
hydrolyzing enzymes in the development and treatment of EAE. 

Rats will be used to prepare cell cultures since neonatal rats brains result in a much higher 
cell yield than mice brains. Therefore, we will first use rat cultures to study the signaling 
molecules involved in the toxicity of oxidative stress to oligodendrocytes and then use mice 
cultures derived from transgenic mice to see whether knockout of the specific molecules affects 
the toxicity. We have chosen Sprague-Dawley rats because they are widely used for 
oligodendrocyte and other nerve tissue cultures. We have used SD rats previously in similar 
work and need to be able to relate results across studies. 

V.3.3. Laboratory Animals 

V.3.3.1. Gtnus & Species: 
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V.3.3.2. Strain/Stock: 

V.3.3.3. SourcaNendor: 

V.3.3.4. Age: 

V.3.!\.5. Weight: 

V.3.3.6. §u: 

V.3.3.7. Special Considerations: 

V .3.4. Number of animals 
Required (by species) 

Sprague-Dawley 

l<bJ(4) ~r other 
approved vendor 

0-3 d pups + mother 

As for age 

Mixed in litters 

Dam should arrive witri 
10 pups, 0-3 days old, 
may or may not be uner 
mates. Alternately. 
gestational day 1 7 -18 
timed-pregnant rats may 
be ordered. 

Pups(780)+ 
Mother (78) 

V.3.5. Refinement Reduction, Replacement (3 Rs): 

V.3.·5.1 . Refinement: 

C57BU6J 
DAGLa-1· 
DAGL13"'· 
MAGL+ 

p )(4) 
~ 
~DAGLJ3-/
MAGL ../· In-house 
breeding 

Cultures: 0-3 d pups 
EAE mice: 8-10 wks 

As ror age 

Cultures: mixed litters 
EAE mice: female 

Cultures: Dam should 
arrive with 8 pups, 0-3 
days old, may or may 
not be litter mates. 
Alternately, gestational 
day 17-18 timed
pregnant mice may be 
ordered. 
EAE: General facility 
aria specific Palhogen
tree barrier 

Pups (800) +adult mice 
for EAE study (980) 

EAE will b& lnduC&d witn MOG peptides emulsified with CFA. Any animals that develop open 
lesions or infection secondary to any of the injection methods will be removed from the research 
groups and be euthanized at an early endpoint. Additionally, animals that are observed to reach 
the stage 4 behavioral criteria will be euthanized at an early endpoint. No other refinement 
alternatives are considered. 

V.3.5.2. Reduction: 
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The dose dependent studies of several inhibitors in the lipid metabolic pathways in culture 
will suggest to us the doses suitable for the animal study. Therefore, we can reduce the groups 
of animals used for testing the efficacy of the drugs. However, considering the reports that 
chronic inhibition of MAGL can cause receptor desensitization and downregulation and the 
differences in vitro and in vivo, a set of dose--dependent study is also proposed tor better 
understanding the mechanisms of drugs' action. We will prepare tissues in a way that allows us 
to use a given tissue for multiple assays rather than euthanizing a separate animal tor each 
method. No other reduction alternatives are considered. 

V.3.5.3. Replacement: 

Biological response to multiple sclerosis is highly complex. The in vitro culture system lacks 
the complexity required to comprehensively evaluate the disease process and the interrelated 
effects of various manipulations on the disease course. Computer models can also not be 
utilized as basic information and knowledge is lacking to construct computer simulations. 
Therefore, the mouse model is a necessary smaller animal model we could use for this study 
and still obtain acceptable results. No alternative to in vivo experimentation is available. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

780 

Species #2 

800 

980 

Column C includes the rat and mouse pups for cell culture. Column E includes the 980 adult 
mice undergoing CFA injection and potential paralysis during the EAE induction. The USDA 
Animal Care Policy #11 describes paralysls as a condition that may cause distress in the 
animals. This policy also describes the use of CFA as a procedure that may cause pain in the 
animals, although that pain may range from only slight or momentary to more significant pain. 
Although pain was thought to be rare and minor symptoms in MS patients in the past, recent 
investigations indicate pain is common in MS patients, which is possibly caused or triggered by 
inflammation, demyelination and axonal injury (Pollmann Wand Feneberg W CNS Drugs. 
2008; 22:291-324; O'Connor AB et al. Pain. 2008; 137:96-111). We will observe the animals 
and report any differences in pain category during our annual reports. 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/Analgesia/Trangulllzatlon: 

For culture preparation derived from neonatal mouse and rat brains, 0-3 day old rats or mice 
will be anesthetized with hypothermia by cooling in an ice water bath prior to decapitation. The 
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animals will not be directly in contact with the ice water bath since they will be placed in the 
finger of a latex glove. Sufficient anesthesia will be determined as lack of movement and lack of 
response to pinching the toes of the forepaw. Once the pups are sufficiently anesthetized; they 
will be euthanized by decapitation. 

For EAE induction, a 200 µI ponion of emulsion containing a 1: 1 ratio of MOG/CFA will be 
administered to each mouse, the use of anesthesia for s.c. immunizations is not required. 
Although recent studies suggest that EAE mi<:e may also experience pain during the onset or 
the disease progrMsion (Olechowski et al. Pain. 2009: 141: 156-164; Jung et al. J. Neurosci. 
2009: 29:8051 -8062), the post-procedural administration of an opiate analgesic or a NSAIO or 
related druQS cannot be used to alleviate any pcissible pain, as most of these agents affect the 
immune and the inflammatory response and thus the disease severity of EAE. The use of 
analgesic or NSAID drugs will make it difficult to elucidate the pathOgenlc mechanisms of EAi: 
and the therapewtic efficacy of several compounds (such as cannabinoid compound) tested. 

For transventriculat perfusion, mice will be anesthetized once with ketamlne (60-90 
mg/kg)/xylazlne (10-15 mg/kg) by intraperitoneal injection into the caudal ventral abdomen using 
a 23-26 gauge needle. If 10 mg/ml Ketamine and 20 mg/ml xyJa11ne are used for the peritoneal 
injection and the average mouse weight is 30 grams, the injection volume is (60 mg/kg x 0.03kg 
/10 mg/tnl) + {10 mg/kg x 0.0:3 mg/ 20 mg/ml)= 0.18 ml + 0.015 ml ... O.~ ml. l:'.\/en if the 
mouse requires a supplemental injection the total IP injection volume will generally not exceed 
0.5 ml. Once the animals are deeply anesthetized (as indicated by recumbency, slow, regular 
breathing, and lack of response to toe pinch) the transventricular perfusion procedures will 
begin. 

Drs~b)(6) 
wlll peorm the 1ne1thitlc proeidUres In this protocol. 

I a graduate student. 

V .4.1.2.2. Pre· and Post;procedural <not suraerv> Provisions: 

Although we do not expect any complications as a res.ult of the procedural manipulations. we 
will monitor the mice in their home cages at least once a day for 2 or 3 days fol lowing IP 
injections. If lhe mice exhibit any signs of peritonitis. to include lethargy, anorexia, hunched 
posture, unusual vocalizations, appearance of significant weight loss, unkempt appearance, 
etc., the animals will be removed from the experimental group and euthanized. Mice will be 
monitored at least once a day for the development of absresses, open sores, or other lesions at 
the site of SO adjuvant injection. We nave found less man 5% of animals undergoing SQ 
adiuvant iniect mav deve(oD open lesions near the infect sites. If there are open lesions or 
peritonitis due to the adjuvant injections, the animals will be removed from the research groups 
and euthanixed at an early endpoint. At 10 days following lndLJction of EAE, we Wiii monitor the 
neurological scores of the mice twice a day, Including weekends. 

V.4.1.2.3. Paralvtlcs: NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V .4.1.3.1. Sources Searched: Pubrned for EAE mice modet and transventricular Pf!rfusion; 
Altweb for review of transventficutar perfusion method. 

V.4.1.3.2.. Date of Search; PubMed 04/1912013: Altweb 04/19/201 3 
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V.4.1.3.3. Period of Search: 1966- Present 

V.4.1.3.4. Kev Words of Search: 

Complete Freund's adjuvant, paralysis and perfusions, mice. 

Complete freund's adjuvant (10214) 
Complete freund's adjuvant + EAE (573) 
Complete freund's adjuvant +alternative adjuvant (122) 
Complete freund's adjuvant +alternative adjuvant + EAE (3) 
Complete freund's adjuvant alternatives+ EAE (0) 

Paralysis + EAE (278) 
Paralysis +pain (4421) 
Paralysis+ pain+ EAE (3) 
Paralysis + distress ( 489) 
Paralysis + distress + EAE (0) 

Complete Freund's adjuvant and those listed below: 
:\.,,.,.\:Ji\~.·-·!~f~··~~4'"'".(,~~-. ~~l~~,;J;,~1~1~".f~fii'i'~~i' ·: ... i-~b'.:!l~· 
.~~ :S:.\<x'i·:,,~,~~~ .. ~,.~vJ.,~~-t .. ;(IJ}f;.r; . .,t,..,,;;..::::l .. 1.~.f'.._'!.W 
#55 Search intracardiac perfusion and *formaldehyde 11:33:51 ~ 

#41 Search cardiac perfusion and *formaldehyde 

#35 Search cardiac perfusion and euthanasia 

#34 Search intracardiac perfusion and euthanasia 

#33 Search transcardiac perfusion and euthanasia 

#22 Search transcardial perfusion* and mice 

# 11 Search cardiac perfusion* and mice 

!1 Search lntracardiac perfusion and mice 

V .4.1.3.5. Results of Search: 

11:32:11 49 

11:16:54 16 
11:16:36 () 

11:16:09 Q 

10:48:35 !Q 

10:34:40 23 
10:21:44 23 

Complete Freund's adjuvant is used for emulsifying the mye1in proteins and induction of EAE. 
Although several alternative adjuvants (monophoshoryl lipid A/trehalose deoorynomycolate, 
aluminum hydroxide, titermax, ribi, syntax adjuvant formulation) have been used to introduce 
peptides, antibodies or vaccines in modulating the immunological responses in several model 
systems, none of these adjuvants has been used in inducing EAE. The injection of myelin 
peptides emulsified in incomplete Freund's adjuvants can, in fact, render the mice resistant to 
the induction of EAE (Marusic and Tonegawa, 1997). To study the pathogenic mechanisms and 
the pharmacological intervention of the disease activity, we will use myelin proteins emulsified in 
complete Freund's adjuvant to induce EAE, a commonly used and well established model 
system. 

Demyelination is one of the hallmarks of EAE. which can lead to paralysis. Although pain or 
distress can be associated with paralysis, MS patients usually do not experience pain or 
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distress because of the paralysis. We can speculate that EAE mice will not experience pain, but 
it's possible that they may become distressed. 

Transventricular perfusion, after deep anesthesia, is a method commonly used to prepare 
the tissues appropriately for later histological and immunological analyses. 

Based on the literature search results, cardiac perfusion and formaldehyde fixation are 
commonly performed procedures in a wide variety of research applications. The relevant 
results obtained from the above search described use of this procedure for fixation and analysis 
of a number of tissues (to include spleen, kidney, liver, lung, stomach. small intestine, lymph 
nodes, heart, brain, bone marrow, eyes, nasal cavities, cochlea, and uterine tissue) with the 
majority describing brain fixation. Unrelated articles described transcardial routes of compound 
delivery and use of cardiac perfusion to clear vessels of blood with or without residual 
compounds. One article described a minimally invasive technique of transthoracic cardiac 
infusion without thoracotomy. The authors claimed this procedure yielded higher quality tissue 
preservation and faster tissue harvesting capabilities without the artifacts of brain swelling and 
ventricular dilation seen with direct cardiac perfusion. While this less invasive method may offer 
these advantages, the procedure would be potentially painful or distressful, so animals would 
still be anesthetized. Until the research staff became proficient with the technique, these 
benefits may not be readily apparent. Additionally, these benefits may not be recognized with 
tissues outside the central nervous system. With the possible exception of microwave fixation in 
select applications, there currently is no other less painful alternative to perfusion to ensure 
adequate distribution of fixative to the tissues of interest. Microwave euthanasia/fixation is not a 
viable alternative for our study. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 

In the past, pain was thought to be a rare and minor symptom in patients with Multiple 
sclerosis. However, recent investigations suggest pain is in fact quite common in MS patients 
(Pollmann Wand Feneberg W. CNS Drugs. 2008; 22:291-324; O'Connor AB et al. Pain. 2008; 
137:96-111 ). The causes and the pathogenic mechanisms of the pain are still unclear, although 
inflammation, demyelination and axonal injury may lead to pain. A very recent study using EAE 
mouse model also suggests that T lymphocytes infiltration and microglia/macrophage activation 
in spinal cord may be the cause of neuropathic pain (Olechowski et al. Pain. 2009; 141 :156-
164). In addition, USDA Animal Care Policy #11 considers paralysis in animals to be a 
distressful condition. In order to thoroughly assess the disease course in these mouse models 
and determine the role of the molecules of interest in this disease, we must follow the disease 
progression through various phases, including paralysis. However. it is not possible to 
administer anti-inflammatory drugs or opiate analgesics to lesson any pain that may be 
associated with the CFA injections; these compounds are known to affect the immune response 
(Schneemilch et al. Best Pract Res Clin Anaesthesiol. 2004; 18:493-507; Scholz and Woolf. Nat 
NeuroscL 2007; 10:1361·1368; Kurosawa and Kato. J Anesth. 2008; 22:263-277) that is an 
essential component of the model. Morphine and other opioids have immunomodulating effects 
on nearly all measurable parts of the immune system (macrophages, granulocytes, nk-cells; 
mediators like lnterteukin 1, 2 and 6, TNFa). These will directly interfere with the mechanism 
involved in the induction of EAE. Although it is possible that Tylenol may be used for reducing 
pain without affecting the inflammatory response, considering the cannabinoid compounds have 
been shown to reduce both inflammatory and neuropathic pain, we opt to not using Tylenol In 
our experiments, in order to better understand the therapeutic potential of targeting the 
endocannabinoid system for EAE. 
The mice will be euthanized once they reach stage 4 of the behavioral criteria. 
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V.4.4.2. Biosamples: 

Following euthanasia by transventricular perfusion, the brain and lumbar spinal cord will be 
removed from EAE mice. These tissues will be fixed and cut using a cryostat into sections for 
further analysis as described in Experiment #2. 

A postmortem tail biopsy immediately after the brain is removed from postnatal day 0-3 mice 
will be used to isolate genomic DNA and genotype each mouse by PCR analysis. The terminal 
0.5 -1 cm of the tail will be quickly cut with a pair of sterile, sharp surgical scissors. DNA will be 
extracted from the tail samples for PCR analysis. 

V.4.4.3. Adiuvants: 

200 µg of MOG in 0.1 ml PBS will be emulsified with 0.1 ml complete Freund's adjuvant 
(Incomplete Freund's adjuvant containing 0.5-1 mg/ml of heat-inactivated Mycobacterium 
tuberculosis) will be administered at day O (total 0.2 ml injection volume) SQ divided into two 
sites between the shoulder blades and/or along the back. At day 7, the incomplete Freund's 
adjuvant will be similarly administered to enhance the immunization of MOG. The use of CFA 
will be performed accordance with the IACUC policy #2. Research personnel will observe the 
animals at least once a day following adjuvant injection to monitor for abscesses, open lesions, 
etc. If open lesions are noted, they will be treated with topical disinfectants and/or antibiotics. 
Any mice with lesions that are non-responsive to treatment will be removed from the research 
groups and euthanized at an early endpoint. 

As part of EAE induction, an IP injection of 200 ng of pertussis toxin is administered on days 
0 and 1 following MOG/adjuvant injection to further enhance the immunogenicity of the MOG. 
Monitoring after IP injections is as described earlier. 

Complete Freund's adjuvant is used for emulsifying the myelin proteins and induction of 
EAE. Although several alternative adjuvants (monophoshoryl lipid A/trehalose 
decorynomycolate, aluminum hydroxide, titermax, ribi, syntax adjuvant formulation) have been 
used to introduce peptides, antibodies or vaccines in modulating the immunological responses 
in several model systems, none of these adjuvants has been used in inducing EAE. The 
injection of myelin peptides emulsified in incomplete Freund's adjuvants can, in fact, render the 
mice resistant to the induction of EAE (Marusic and Tonegawa, 1997). To study the pathogenic 
mechanisms and the pharmacological intervention of the disease activity, I will use myelin 
proteins emulsified in complete Freund's adjuvant to induce EAE, a commonly used and well 
established model system. 

V.4.4.4. Monoclonal Antibody (MAbs) Production: None 

V.4.4.5. Animal Identification: 

Individual mouse will each be given an ear tag with an identification number. Mice will be 
assigned to several eMperimental groups depending on the design and recorded based on their 
identification numbers on ear tags. Each cage will be given a cage card that is numbered by 
LAM staff. Cage card numbers will be recorded. 

V.4.4.6. Behavioral Studies: 
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Animals will be monitored at least twice a day blind by two independent observers from day 
10 following MCG injectiOn and neurological signs will be assessed as follows: 0, normai 
mouse; 1, piloereclion1 tale weakness; 2, tail paralysis; 3, tail paralysis plus hindlimb 
weakness/paralysis ; 4, tail, hind and fore limb paralysis; 5 , moribund/dead . We expect the 
disease course to progress over one to two months, so animal behavioral monitoring will 
continue for l..4l to 60 days after induction of EAE. 

V.4.4.7. Other Procedures: 

Transventrjcutar oerfusions; Weights of mice in EAE experimental groups will be taken to 
determine appropriate dose of anesthesia prior to transventricular perfusion. For perfusion. tne 
adult mice will be deeply sedated and lack the response to toe pinch. The skin of the chest will 
be incised with sharp scissors to allow the rib cage to be raised. The heart will be visualized. 
Perfusate will be passed through the vasculature by inserting a blunted 20g canula through a 
nick made in the left ventricle and positioning the cannula opening in alignment with the 
ascending aorta. The right atrium will be nicked to allow exit of blood and perfusate. 

V.4.4.8. Tissue Sharing: 

We will offer any animal not needed on this study and excess tissues to other Investigators. 

V.4.5. Study Endpoint: 

The endpoint for adult mice on this study is suf\lival until various time points after indYction 
of EAE and treatment with inhibitors/placebo, after which the mice will be euthanized for tissue 
collection and evaluation, The endpoint for mouse and rat pups on this study is survival for 0-3 
days after birth, at which time they wiU be euthanized and tissues collected for cell culture. The 
study endpoint ror mother rats is survival untff pups are removed, after which ltiey will be offered 
to other in'iestigators or euthanized. If there is inflammation or peritonitis due to the IP 
injections or nol'\-healing open lesions from the adjuvant injections. the animals will be 
euthanized at an early endpoint. Any animal observed to be at stage 4 for behavioral 
monitoring criteria (tail, forelimb and hindlimb paralysis) will be euthanized at an early endpoint. 

V.4.6. Euthanasia: 

Following deep anesthesia. EAE animals will be eutfienized by exsanguinations as a result 
of the p;er:f_u~QLocedures as described above. These procedures will be performed by Drs. 

j(b)(6) Ja graduate student. 

Carbon dioxide will be used to eutnanize the mother rats after the pups are taken away for 
the cell cultures. Any animal that must be removed from study because of illness or 
complication from the study will also be euthanized with carbon dioxide. Animals will be 
euthanized by Center for LAM personnel or research personnel using cylinderized C02 in 
compliance with the most current report of the AVMA guidelines on Euthanasia. Euthanasia will 
be perfonned in the LAM CAF. If possible, animals will be euthanized in their home cage. If 
not, a clean rodent cage will be used. Animals will be plac8d in the cage so that it is not 
overcrowded (each animal can place an four feet on the bottom of the cage.) With animals in 
the chamber, the flow rate of C02 will displace approximately 20% or the chamber volume per 
minute. Gas flow will be maintained for at least one minute after respiration has stopped before 
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removing animals from the cage. A supplemental method to ensure death (cervical dislocation 
or bilateral tMracotorny) may be used. 

For culture preparation, 0-3 day old ra1s or mice will be anesthetized by cooling in an ice 
water bath and then euthanized by decapitation with sharp scissors. These scissors will be 
tested for sharpness by cutting a piece of gauze as recommended by Roboz Surgical 
Instrument Company, Inc. The scissors WiU be sharpened or replaced as nef.essary. and a log 
book will be maintained to describe maintenance or replacement. These orocedures will be 
performed by D~¥b)(6) I 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

V.5.1.1 . Study Room: 
Building( s) .._Fb_)(S_J _ __._ _ _ _ Room Numbet(sj(6)(6) hnd/or 

a procedure room as assigned by LAM. 

V.5.1.2. Special Husbandrv Provisions: When the mice have paralysis and cannot 
reach the cage top sources after induction of EAE. wet rodent chow and transgel will be 
provided on cage floor as a source of food and fluids. 

Food Restriction: Yes No x 

Fluld Restriction: Yes No x 

V.5.1 .3. Exceptions: NIA 

V.5.2. Veterlnarv Medical Care: 

V.5.2.1. Routine Veterinary Medical Care: 

Research personnel will observe the animals at least once a day for the first 2-3 days 
following IP and IV injections, and daily following SQ injections of adjuvant. Research 
personnel will also observe animals twice daily, beginning 10 days post·EAE induction, to 
assess behavioral criteria as described earlier. Animals will be observed at least once a day for 
general health and husbandry conditions by LAM personnel. Any animal found to be exhibiting 
signs of illness not related to the EAE (i.e .. phlebitis. peritonitis, etc. ) will be examined and 
removed from the research groups. Moribund animals may be euthanized for welfare reasons 
at the discretion of the veterinarian. 

V .5.2.2. Emara•ncx_Vatertnarv-.Medlcal Care: All emergency, weekend, and holiday 
care Is provided by two animal husbandry technicians, one or more veterinary 
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technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily <.1uring weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strateqv: Except as indicated below, all animals on this 
protoecl will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies, Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrlchmtnt Restrictions: N/A 

VI. STUDY PERSONNEL QUALIFICATIONS ANO TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol activity or 
procedure (e.g .. tail vein Name of person 
iniections. euthanasia) perionnioo activlrv 

Anesthesia (b)(6) 

Anesthesia 

Neonatal anesthesia 
and CO:i euthanasia 

Neonatal anesthesia 
and C02 euthanasia 

Perfuslons 

Perfusions 

Perfusion 

EAE model 

EAE model 

EAE model 

EASmodel 
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Qual ifications of person 
performing activity (e.g., 
research teGhnician, 2 

vrs exoerience) 
21 years experience 

4 year experience 

21 years experience 

8 years experience 

21 years experience 

4 year experience 

4 year expenence 

8 year experience 

3 years experience 

5 year experience 

1 year experience 

Specific training in th.is 
activity or procedul'e 
(e.g .. rodent handling 

class, 19W) 
Trained in Hebrew 
University, 1992, 
Harvard Medical 
School (HMS), 1999, 
and USUHS. 2006 
Trained in NIH, 
USU HS 
Trained from HMS, 
1999, and USUHS 
LAM staff, 2006. 
Trained in USUHS, 
2006, and UMDNJ 
LAM staff. 2005. 
Trained in HMS, 
1999, and Hebrew 
University, 1992 
Trained in USUHS. 
2009 
Trained in NIH, 

-·-
USU HS 
Trained in HMS, 2005 

-· 
Trained in USU HS, 
2010 
Trained in USUHS. 
2007 
Trained in IJSUHS 

22 



(b)(6) a years experience Trained in USUHS, 
Cell culture 2006, and UMONJ, 

(raUmice CUDS) 2005 
Cell culture 

(ra·ttmiee pups) 14 vears exr>erience Trained in HMS. 1999 
Cell culture Trained in USUHS, 

(rat/mice pups) 3 years exoerience 2010 
4 years experienc~ Trained In 

Cell culture USUHS,2006, and 
1--~t/mice pups) UMONJ. 2005 

Trained in HMS, 1999 
Intra peritoneal and Hebrew 

iniections 13 ~ears exoerience Universitv 1996 
I ntraperitoneal 4 year experience Trained in NIH. 

injections USU HS 
Intra peritoneal 2 years experience Trained in USUHS, 

inlectiOns 2011 

I ntraperitonea I 5 years experience Trained in USUHS, 

injections 2007 

Subcutaneous 
iniections 9 vears exoerience Trained in HMS, 2000 

Subcutaneous 1 year experience 
iniections Trained in USUHS 

Subcutaneous 3 years experience Trained in USUHS, 
inlootions 2010 

Subcutaneous 2 years experience Trained in USUHS, 
injections 2007 

Trained in HMS, 1999 
Intravenous and Hebrew 
iniections 13 years experience Universitv, 1996 

Intravenous 4 year experience Tra ined in NIH, 
injections USU HS 

Intravenous 2 years experience Trained in USUHS, 
iniections 2011 -

VII. BIOHAZARDSISAFETY: 

200 µg killed mycobacteria (SQ} and 200ng of pertussis toxin (IP) will be used in the 
induction of EAE. Care will be taken to reduce the potential for needle stick exposure to 
mycobacterial organism to prevent sensitization of research personnel. 

Exposure to animal allergens is minimized according to the precautions and PPE 
designations for the room animals in which the mice and rats are housed within the LAM 
facilities. lab ooat, gloves, and masks will be worn when handling animals both in the CAF and 
in labs. 

For preparation of tissues, animals are perfused with 4% paraformaldehyde as a fixative 
agent. Perfusions will be conducted in a fume hOOd and gloves. labcoat, and eye protedion will 
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C. Statistical A!lturance{ I assure that I have con&ulted with an individual who fs 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
·rninlmum number of anrnats needed for sdentifk: vaik1ity are used ." 

0. Biohazard\Safety: I have taken into conaidefation and made the proper 
coordination regarding all applicabe rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, In the preparation of this 
protocol. 

E. Training! l 'Mfify that the personnel performing the animal procedures f 
manipulations I observations described in this protocol are technically competent and 
have been properly trairted to ensure that no unnecessary pain or distress wiH be 
caused to the animals as a result cf the procedure& I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

l~'b-)(6-) ------------~~~------- Date 

G. Training: The following personnel witl attend 1he next USU HS 
lrwestlgator/Anlmal User Training Course: 

H. Rnponslblllty: I acknowledge 1he inherem moral, e1hical and administrative 
obligations a650Ciated with the perfonnance of this animal use protocol, and I assure 
that all indMduals associated with this project will demon&trate a concern for the health, 
comfort, welfare, and wel~being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth -'R* that the DOD has embraced, namely, 
"Responslbility" for implementing anmal use alternatives where feasible and oonducting 

hl~lowful,_aa;b, !:.. /1 ~/Po·~ 

l. Painful Procedurv(a): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or dlstresa to animals. This potential pain andfor distress 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I~ determined that alternative 

P'°*~Mtf not av~ 1o :mg!Eb r ~ed""!;h~~p;:; •xpen ... ~

4 
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PROTOCOL ABSTRACT: 

'

(b)(6) 
A. Animal Protocol Number: . 

B. Animal Protocol Title Targeting the 2-AG Hydrolyzing enzymes MAGI.. and ABHOO 
for the Treatment of EAE (rat and mouse) 

c. Principal lnvastigator:l ..... <b_lc_e> __ _.I M.D .. Ph.D. 

D. Performing Organization: Uniformed Services University of the Health Sciences. 

E. Funding: The Defense Medical Research and Development Program (DMRDP): 
USUHS 

F. Oblactive and Approach: 

Cannabis-based medicine has a great potential for the treatment of multiple sclerosis (MS). 
a chronic inflammatory disease of 1he central nervous system associated with demyelinatlon 
and neurodegeneration. Through activating both CB1 and CB2 cannabinoid receptor§, 
cannabinoids contribute to anti-inflammation, anti-oxidation and anti-excitotoxity. It is generally 
believed that boosting the endogenous levels of anandamide (AEA) and 2·araehide>noylglycerol 
(2-AG) can activate cannabinoid receptors in a site-and event- specific manner without causing 
psychotropic side effects. However, due to the limited availability of selective pharmacological 
inhibitors and knockout mice, this theory has not been rigorously tested 

2-AG is the dominant endocannabinoid in the brain and spinal cord, and has been shown to 
regulate cell viability, differentiation, synaptic plasticity and immune function. Monoacylg lycerol 
lipase (MAGL) and a/~ hydrolase domain 6 (ABHD6) are 2-AG hydrolyzing enzymes. Our 
preliminary data have shown that inhibition of those two enzymes significantty reduced the 
neurological signs of the disease. However, it is still unclear how modulating 2aAG's biosynthetic 
and hydrolytic enzymes can affect the pathogenesis of MS. In this proposal, we plan to use 
pharmacological and genetic tools to elucidate the role of 2-AG in the development and 
treatment of EAE. 

Hypothesis: Expression of 2-AG signaling components In EAE change and boosting the 
endogenous levels of 2-AG by targeting its hydroly2ing enzymes, MAGL and ABHD6, can 
ameliorate EAE by both shared and independent mechanisms. 

Objeetlve: Enoocannabinoids play 1!tn iml'Qrtant role in the pathOgenesls of EAE. 

Approach: We will use EAE mouse model to study the participation of 2-AG in EAE and 
the effect of the modulation of 2-AG production on the progression of EAE in the mice. 
Specifically we will study the role of 2-AG hydrolyzing enzyme inhibitor WWL 70, JZL in the anti
inflammatory protection of EAE mouse model. We will use phannaceulical and genetic methods 
to downregulate MAGL and ABHD6 expression to study 2-AG protective role in the EAE. 

G. lndexlna Terms f Qescrlptors}: 
Demyelination, toxicity. MAGL, ABHD6. cannablnoids, 2-AG, AEA. ollgodendrocyte, EAE, 
multiple sclerosis, mice, ral 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
4301 JONES BRIOGE ROAD 

BETHESDA., MARYLAND 20&14-4712 
ht1p:/Jwww.u11.11u.mu 

MEMORANDUM FOR DR. '-fb_><S_l _____ ___.!DEPARTMENT OF ANATOMY. 
PHYStOLOGY, AND GENETlCS 

SUBJECT: IACUC Approval of Pro1ocol -Trienn.ia.I Review 

The following application was reviewed and approved by the Unifonned Services 
Univer.iity of the Healt11 Sciences (USUHS) Institutional Animal Care and Use Committee 
(lACUC) via Designated Member Review on June 18, 2013: 

Aninml PCQtocol Tjtle: "Development ofNeuroprotection Strategies for Brain fnjury Using Rat 
Models" 

USU HS Protosol t:iumber:. f ... b-)(
5
_> ___ __, 

Expiration Date: J110e 17, 2016 

Supportina Grant(sl Number: ..... i<6_x
6
_> ____ ____. 

Name of Princ:ipol lnvcstigator: Or ..... l(b-XB_> _____ _, 

The USU HS has an Animal Welfare As.surance 011 file with the Office for Laboratory 
Animal Welfare (OLA W), NationaJ Institutes of Health (NIH). The Assurance Number is 

116)(6) fThc lACUC approved the above referenced application ~ submitted. 

An annual review is required for each of the three years ofthis protocol. This review 
must be com,pleted by the anniversary date of the protocot If work is to 'be continued past the 
expiration da.te, a triennial review must be completed prior to the expiration date in order for 
work to be unintemJpted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the lACUC may send reminders, it is the 
investigator's responsibility to submit an annual review fonn (form 3206A) at least 30 days in 
advance, Ot a new Form 3206 for triennial review at least 60 days in advance of expiration. 

~rior to placing your first animal oter, please contact MAJfbl(G) ko schedule a 
pre-protocol planning mcetin~{b)(5l _ This meeting rnust occur to ensure animaJ munbers 
are loaded in the CART system and LAM resources are available to meet your needs. 

cc: 
Office of Research 

Ph.D . 
.._......,_r, .... n-s-.tt""'"tu-ttronaJ Animal 

Ca.re Md Use Committee 

Learning to Cate for'JhcJe in Harm's Wily 

Doc.43 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 
IACUC D<ltt Stamp 

PROTOCOL NUMBER: ,_j<6_>
16_1 ___ I (for triennual review) 

PROTOCOL TITLE: Development of Neuroprotection Strategies for Brain Injury using 
Rat models. 

GRANT TITLE (if different from above): 1) N-Acetylaspartate as a Biomarkerfor TBI 
In Body Fluids (BM-MRMC, pending), 2) Comt>ined Metabolic Therapy for the 
Treatment of Traumatic Brain Injury (BM~MRMC, pending). 

USUHS PROJECT NUMBER:._l<b_l<5_> _____ ___, 

FUNDING AGENCY: BAA-MRMC (pending). 

EARLIEST ANTICIPATED FUNDING START DATE: May-June, 2013 

.;...P;;..-Rl..,.N=C..:.:.IP .... A=L~l~NV~E:S::T=:IG:::;A::;:T::::;:O:::::R:=~:!:::{b:;-><5_> ___ ----1IPh.D. 
b){ti/ 

l(b)(6) I 
APG . . 
Department Office/Lab Telephone Principal lnvesu9ator ::;1gnature 

't{,;;.9/~o 13 
Date I 

SCIENTIFIC REVIEW; This animal use proposal received appropriate peer scientific 
review and is consistent with good scientific research practice. 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to ootain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study. 

Statisticjan Signature 
Typed Name: 

Bate 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
relieved by anesthetics or analgesics. 
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ANIMAL PROTOCOL NUMBER: .... l(b_l<6>_...........______, 

PRINCIPAL INVESTIGATOR:l ..... t6_>(
6_; ___ ____.I Ph.D. 

ANIMAL PROTOCOL TITLE~ Development of Neuroprotection Strategies for Brain 
Injury using Rat models. 

GRANT TITLE (if siifferent from above): 1 )N-Acetylaspartate as a Biomarker for TBI in 
Body Fluids (BAA-MRMC, pending) and 2) Combined Metabolic Therapy for the 
Treatment of Traumatic 5ra1n Injury (BAA-MRMC, pending}. 

USUHS PROJECJ: NUM_BER: ... f6~)(S~) ~~---__. 

~;...;,;;,,;;..;;.;;:;..:.-::..:.=:;..;.;...=-;,a.;::.;~;,:..;::i~ ...... iiiiiiiiiiiiiiiioo...i..:Ph.O. and fbJl5) 
'-------- B.s.,1(6)(6) ~1.S. 

I. NON-TECHNICAL SYNOPSIS: Traumatic brain injury (TBI) has been called 
the "signature injury" of the Iraq and Afghanistan wars. Since Afghanistan operations 
began in 2001, and Operation Iraqi Freedom in 2003, the Department of Defense 
reports that the most debilitating wounds suffered by military personnel are traumatic 
brain injuries. According to the Department of Defense Report. "Report to Congress in 
Accordance with Section 1634 (b) of the National Defense Authorization Act for Fiscal 
Year 2008," the Military Health System (MHS) has recorded 43,779 patients who have 
been diagnosed w\th a TB' in calendar years 2003 through 2007. Thanks to new helmet 
materials, up-armored vehicles and other new technologies. many combat personnel 
are surviving head injuries that in previous wars would have been fatal. However, the 
aftermath of some of these head injuries lead to chronic and debilitating conditions, 
including when the injuries are not diagnosed due to a lack of clear protocols and 
blomarkers for assessing mllder forms of head injury. Clearty, development of simple 
and inexpensive adjunct treatment strategies that improve long term outcomes would be 
highly advantageous, and could even be given to personnel in a prophylactic manner 
when they are subjected to milder blast or concussive forces, and before any symptoms 
appear. In the ongoing studies, we showed that intragastnc administration of 
glyceryltrlacetate (GTA) improves levels of N-acetylaspartate (NM) and ATP, markers 
of brain energy status, and Rotarod balance performance in the controlled cortical 
impact model (CCI) of TBI in the rat. We propose to extend these studies by including 
1) melatonin, a lipid soluble pineal hormone that has anti-inflammatory and antioxidant 
properties and 2) ketone body molecules that have been found to be neuroprotective in 
a number of CNS injury models. Furthermore, we propose to investigate the role of NAA 
as a biomarker for brain injury in body fluids. 

II. BACKGROUND: 

11.1. Backgroun.;: There are two separate components In this protocol, one 
aimed at developing neuroprotection strategies and methods and the second aimed at 
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developing NAA as a biomarker for TBI. They are discussed under two separate 
headings. 

A. Neuroprotection Strategies for TBI. 
Increased production of free radicals via a number of pathologic cascades is one of 

the many secondary effects of traumatic brain injury (TBI). After TBI, excitotoxicity 
caused by increased glutamate release leads to increased intracellular calcium in 
neurons. Furthennore, the release of inflammatory cytokines and intracellular calcium 
induce activation of enzymes including phospholipase A2 and cycloxygenase -2, which 
stimulate the eicosanoid cascade. The calcium influx alters mitochondrial membranes 
disrupting the electron transport chain, leading to accumulation of electron-reduced 
oxygen intermediates. Production of free radicals resulting from these complex 
interactions generates a state of oxidative stress. It appears that this oxidative stress 
plays a significant role in TBI, raising the possibility that antioxidant therapy using 
nontoxic antioxidants such as melatonin could be very effective in a clinical setting (1-3). 

Melatonin as a Neuroprotectant~ Melatonin, a product of tryptophan metabolism, 
was initially identified as a pineal hormone with roles in the control of circadian rhythms 
and reproductive physiology mainly in seasonally breeding animals. However, recent 
studies indicate that melatonin is also synthesized in many organs and tissues of the 
body in which it might act as a paracrine honnone or a signaling molecule (2,3). The 
best known actions of melatonin, currently supported by experimental and clinical data, 
include antioxidant and anti-inflammatory abilities, some of them involving 
transcriptional regulation of a number of related enzymes. Most of the beneficial effects 
of melatonin administration seem to depend on its effects on mitochondrial physiology. 
Melatonin effects on mitochondria include increased membrane fluidity, increased 
activity of electron transport chain complexes and ATP production, increased 
mitochondrial membrane potential, reduced oxidative stress and closing of the 
mitochondrial permeability pore (4) 

Melatonin is known to protect against oxidative stress in cells. Antioxidant actions of 
melatonin are observed at different levels including attenuation of radical formation, 
which is also referred to as radical avoidance. Although melatonin efficiently interacts 
with various reactive oxygen and nitrogen species as well as with organic radicals, it 
also upregulates antioxidant enzymes and down regulates pro-oxidant enzymes (1 ). 
Efficacy of melatonin as an antioxidant is significantly higher than that of other 
antioxidants including vitamins E and C. Besides, the metabolites formed when 
melatonin functions as a free radical scavenger, namely N1 • acetyl, N2- formyl, 5-
methoxykynuramine (AFMK) and N1- acetyl, 5-methoxy kynuramine (AMK) also 
possess significant antioxidant and anti-inflammatory activity (5,6). Melatonin is highly 
lipid and somewhat water soluble and thus melatonin enters all cells and subcellular 
compartments with highest concentrations possibly being present in the nuclei and 
mitochondria. 

Melatonin has been administered in both physiological and pharmacological 
amounts to humans and there is widespread agreement that it is a non-toxic 
molecule(7). In human volunteers, oral administration of melatonin in doses 1-300 mg or 
1 g of melatonin daily for 30 days resulted in no observable negative side effects (8). In 
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another study, a randomized double blind clinical trial in healthy adult male subjects by 
oral administration of melatonin (10 mg/day for 28 days or a placebo) found no evidence 
of toxicity (9). Also, giving female rats 200mg melatonin/kg body weight (equivalent to 
an average weight human consuming 14 g melatonin daily) throughout pregnancy 
caused no maternal or fetal toxicity (1 O). Exogenous melatonin administration has been 
shown to provide neuroprotective effects in preclinical models of traumatic brain injury, 
reducing histological damage and cerebral edema as well as improving neurobehavioral 
outcomes in mice and rats (11-13). Also. endogenous melatonin increases in 
cerebrospinal fluid of patients after severe traumatic brain injury and this increase 
correlates with oxidative stress and metabolic impairment. Taken together, melatonin 
appears to be a highly promising candidate to be tested as a neuroprotectant in the 
proposed studies. 

Katogenlc Diet for Neuroprotection: Recent studies have shown that ketogenic 
diet (KD) and ketone bodies are neuroprotective in a variety of CNS injury models (14). 
The list includes 1) glutamate toxicity in vitro and in vivo, 2) kainic acid toxicity in mice, 
3) hypoxia/anoxia in mice. 4) global ischemia in rat, 5) focal cerebral ischemia in rat, 6) 
traumatic brain injury in rat, 7) Alzheimer's mouse model, 8} Parkinson's mouse model, 
9) Amyotrophic lateral sclerosis mouse model and 10) brain tumor-astrocytoma in mice. 
The neuroprotective effect of KD appears to be due to the unique properties of ketone 
metabolism which make it a more suitable cerebral fuel under various neuropathological 
conditions. Properties of ketone metabolism that might contribute to neuroprotection are 
outlined below. First, only three enzymes are involved in the sequential metabolism of 
the ketone body beta-hydroxybutyrate (J3-0HB) to acetyl CoA compared to the 12 
enzymatic steps involved in the case of glucose. Second, ketone bodies are more 
efficient in the mitochondrial energy production via multiple mechanisms. Third, ketone 
bodies decrease production of free radicals by decreasing the reduced form of 
coenzyme Q, which decreases its reaction with 02 to form superoxide 02·. Other 
mechanisms such as glutathlone reduction, which aids in the destruction of H202, might 
also play important roles under these conditions. The mechanisms given above relate 
closely to the increased energy hypothesis (metabolic hypothesis) proposed to explain 
the antiepileptic actions of KD. 

Side Effects of Ketogenic Diets and Ketone Body Esters as Potential 
Solutions: Adverse side effects have been noted with chronic use of KO in animal 
studies as well as in human populations. A majority of these findings are derived from 
pediatric studies due to the greater use of KO to control childhood epilepsy (14). Early 
problems include dehydration, nausea/vomiting, diarrhea. constipation and 
hypoglycemia. Later problems include growth retardation due to insufficient protein 
levels, hepatic failure, vitamin/mineral deficiencies, immune dysfunction, renal stones, 
hypercholesterolemia and cardiomyopathy. In animal studies, it was found that rats that 
were fed KD for one month had significantly impaired visual-spatial learning compared 
with rats that were fed normal diet (15). While KD had minimal effect on activity level 
and emotionality, brain growth was impaired significantly under strict KD conditions. 

Based on studies done in animals with defects in fatty acid oxidation it seems 
likely that long chain fatty acids and their derivatives play critical roles in multiple 
aspects of the side effects mentioned above including cardiomyopathy. One way to 
overcome these long chain fatty acid mediated side effects is to use the ketone bodies 
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J3-0HB and acetoacetate directly, in place of KO. However, infusion of sodium salts of 
ketone bodies would result in a dangerous sodium overload. This can be overcome by 
administering ketone bodies in their esterified form. These esters are pH-neutral, 
sodium-free and easily diffusible precursors of ketone bodies. This approach has the 
added advantage that their uptake into the brain will be limited only by their 
concentration in the blood, and not by specific uptake mechanisms (blood brain barrier) 
due to the hydrophobic nature of the corresponding esters. These esters are hydrolyzed 
to their corresponding ketone bodies by the action of nonspecific intracellular esterases. 
As mentioned above, we have tried this approach using the triacetate ester of glycerol 
(GTA) and have discovered that it is protective against TBI in the CCI model in the rat 
(16). Also, in a related study, no toxicity was detectable on its chronic usage for as long 
as 4 months (17). 

In earlier studies, different types of ketone body esters have been synthesized and 
tested for parenteral nutrition as replacement for emulsions of log-chain triacylglycerols. 
Of these, two ketone body esters were found to be effective with little or no detectable 
toxicity. They are 1) 1,3-butanediol diacetoacetate and 2) glyceryl bisacetoacetate 
( 18, 19). As indicated earlier, metabolism of these esters involves hydrolysis of the 
esters by nonspecific esterases present in all tissues. In the case of 1,3-butanediol 
diacetoacetate, the 1,3-butanediol formed as result of the ester hydrolysis is 
subsequently oxidized in the liver in a sequential fashion, first by alcohol 
dehydrogenase and then by aldehyde dehydrogenase to form a racemic (R,S) 13-0HB 
which will subsequently form the physiological ketone body acetoacetate (20,21 ). 
Intravenous infusion studies have shown that the ketone bodies can be increased in the 
blood effectively without any notable side effects (21 ). Based on these studies, the 
major advantages of administering the ketone bodies in the ester form were determined 
to be 1) stabilization of acetoacetate which decomposes spontaneously to acetone and 
C02, 2) pH neutrality of the infusate, which minimizes damage to peripheral vein and 3) 
absence of sodium in the infusate. In some studies done in the pig, the plasma 
concentrations of the nonhydrolyzed esters were found to be very low and dropped to 
zero as soon as the infusion was stopped. This reflects the high esterase activity of 
plasma and tissues of pig. One way to overcome this potential problem is to mix the 
ketone body esters with anti-esterase flavenoids, such as those found in grapefruit 
juice, and this will reduce premature hydrolysis in the plasma and liver, increasing 
delivery of the esters to the brain (22). 

B. N-Acetylaspartate: A novel blomarker for traumatic brain injury in body 
fluids. 

The rapid neuronal and glial damage after TBI is resistant to any known 
neuroprotective regimes so far available for clinical use. Even though it can be reduced 
to some extent with dedicated intensive care management, the delayed secondary 
effects of brain trauma can be very severe due to inflammation, edema, diffuse axonal 
injury and impaired neuronal energy metabolism. Because of these reasons, it is of 
great importance to start early management tailored according to the extent of injury. 
For the early determination of severity of injury and assessing the prognosis during and 
after intensive care treatment there is a critical need for a simple and accurate 
diagnostic marker for the brain injury. N-acetylaspartate (NM) has attracted much 
attention as a noninvasive marker of functional integrity of neurons in traumatic brain 
injury (TBI) using magnetic resonance spectroscopy (23-27). Not only has NAA been 
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identified as a marker in traumatic brain injury, its functional roles in neuronal energy 
metabolism have given it a central role in several forms of progressive and non
progressive neuronal afflictions (28,29), In TBI, the levels of both NAA and ATP in 
specific areas of brain decrease soon after cerebral injury and their levels return to 
normal in parallel to the recovery phase (26,27). The reduction in NAA is a reliable 
measure of injury severity and brain specific mitochondrial dysfunction (27, 30). 
Interestingly, cyclosporine treatment which prevents mitochondrial injury also prevents 
the decrease in brain NAA levels {31 ). Using mass spectrometric method for analysis, it 
has been shown that the NM can be used as a serum marker in ischemic stroke as 
early as 24 hours (32) and that it increases during reperfusion after an ischemic episode 
(33). NAA can be measured in all body fluids (blood, cerebrospinal fluid and urine) 
accurately using mass spectrometric analysis (34) and an increase in NAA in the urine 
is used as a reliable diagnostic marker for Canavan disease, a genetic disease in which 
NM is increased in the brain (34, 35). However, NM has not been tested as a 
biomarker of TBI in any body fluid. The central hypothesis is that changes of NAA in the 
brain is reflected in its levels in the body fluids- blood, cerebrospinal fluid and urine-, 
and that changes in NAA levels in one or more of these body fluids can be used to 
monitor brain injury and recovery in TBI, from a diagnostic as well as prognostic angle. 

11.2. Literature Search for Duellcation: 

11.2.1. Literature Source(s) 

Literature Sources Searched: PubMed, BRO, FEDRIP 

11.2.2. Date of Search: 2-19-2013 

11.2.3. Period of Search: 1970-present 

11.2.4. Kex Words and Search Strategy: Glyceryltriacetate, traumatic brain injury, 
btast overpressure injury, rat. animal model. ketone body ester, melatonin, N~ 
acetylaspartate, TBI biomarker. 
11.2.5. Results of Search: A. Neuroprotectlon Strategies for TBI. PUBMED: Eighty 
three articles were found when keywords traumatic brain injury and melatonin.were 
combined. None of them involves the proposed work. One article was found when key 
words traumatic brain injury and ketone body esters were combined. However, 33 
articles were found when ketone body instead of ketone body ester was used. None of 
them involves the proposed work. No additional articles were found when traumatic 
brain injury was replaced with blast over pressure injury. One article was found when 
key words traumatic brain injury and glyceryltriacetate (GTA) were combined. This 
article was a recently published article from the Pl's laboratory on the ongoing work. 
BRD: None. FEDRIP: One article was found when traumatic brain injury and melatonin 
were combined. This work was unrelated to the proposed work. 

B. N-Acetylaspartate: A novel biomarker for traumatic brain injury In body fluids. 
PUB MED: Twenty five articles were found when keywords traumatic brain injury, N~ 
acetylaspartate (NAA) and biomarker were combined. All those articles describe the 
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use of NM as a biomarker for TBI in the brain by MRS techniques, but not in the body 
fluids. Thus, none of them involves the proposed work. BRD: None. FEDRIP: None. 

Therefore, the proposed research and the goals do not duplicate earlier research in 
these areas of research. 

OBJECTIVE\HYPOTHESIS: 

A: Neuroprotectlon Strategies for TBI. The central hypothesis is that 
melatonin and esters of the ketone bodies are very useful as neuroprotectants for 
clinical use because of their effectiveness, lack of toxicity and Upophilic properties that 
help to overcome the blood brain barrier. We propose the following specific aims. First. 
we will synthesize esters of J3-0HB and acetoacetate using glycerol as well as 1 ,3-
butane-diol separately, and test their relative effectiveness as well as that of melatonin 
alone as well in combinations employing our ongoing CCI model of TBI in the rat. 
Second, we will determine whether or not these esters and melatonin exhibit acute or 
chronic toxicity by analyzing blood chemistry and tissue pathology. Subsequently, we 
will determine whether the effectiveness can be increased by combining with 1) GTA, 
the acetate ester we have used previously and 2) grapefruit juice, which contains anti
esterase flavenoids that will reduce premature hydrolysis of the esters in the gut and 
liver, thus increasing delivery of intact esters to the brain. Based on the outcome from 
the CCI model of TBI, we plan to test selected strategies in the blast over pressure 
model of brain injury as well. 

B. N-Acetylaspartate: A novel blomarker for traumatic bra;n Injury ;n body 
'f1ulds:.NAA is present in the human brain at a concentration of approximately 1 O mM, 
and an approximately 1000-fold gradient exists between the intracellular and 
extracellular compartments. NAA has been found to be a reliable biomarker in ALS 
patients with an approximately 5 fold higher serum concentration than in healthy age 
matched controls .Our central hypothesis is that brain injury causes cellular damage 
and NAA efflux from neurons to the extracellular space and subsequently to the 
bloodstream. The NAA efflux can be directly measured in the cerebrospinal fluid and will 
be reflected in body fluids such as blood and urine. Changes in NAA levels in one or 
both of these body fluids can be used to monitor brain Injury and recovery after TBI to 
aid in diagnosis as well as prognosis. Our immediate goal is to develop a simple and 
reliable method for analyzing NAA in serum and urine after TBI for diagnostic 
purposes.validating its specificity to TBI and demonstrating that the NAA measurement 
can be converted to a point-of-care(POC) test. The Jong term goal of this proposal is to 
adapt the NAA biomarker method to a simplified hand held biosensor device for use on 
injured soldiers in combat support hospitals as well as for use in civilian hospital 
emergency rooms 

111. MILITARY RELEVANCE: 
A. Neuroprotection Strategies for TBI 
Successful outcomes in the current studies will provide an adjunct therapy to the 

current TBI regimen of sedatives and anti-inflammatory agents. The most effective 
ketoesters and GTA can be used intravenously when TBI patients arrive at a medical 
facility, and can be given orally when appropriate. Bypassing both glucose and N-
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acetylaspartate (NM) metabolism in TBI patients by directly providing acetate and 
ketone bodies for brain energy production would help compensate for the substantial 
reductions in NAA and ATP levels observed after head injury. Providing additional 
acetate for nuclear histone acetylation reactions would help maintain transcriptional 
control of gene expression during cellular repair and recovery. Prolonged treatment with 
GTA after brain injury could also contribute to remyelination of injured white matter, and 
improve long tenn outcomes. Melatonin can act as an antioxidant and as an anti
inftammatory agent with little or no toxicity on long term usage. 

Currently there is no effective pharmacological treatment for reducing the delayed, 
secondary neurological damage resulting from various fonns of traumatic head injury. 
The proposed ketone body and acetate therapy is a non-pharmacological, nutrient
based method for improving brain energy status and facilitating CNS repair and 
recovery. Because GTA and the ketoesters are hydrophobic molecules, they will pass 
through the blood brain barrier, and even reach brain areas that have reduced blood 
flow resulting from injury. These compounds are inexpensive to manufacture and easy 
to administer in a field hospital setting. Based on our previous results with GT A we 
anticipate both improved long term neurological outcomes, and increased recovery 
rates of soldiers suffering from diffuse (blast overpressure) or traumatic brain injuries. 
An optimized ketoester and GTA treatment cocktail, possibly including anti-esterase 
flavenoids, could be ready for phase I trials quickly, and for field trials shortly thereafter. 
Melatonin also can be very helpful for this purpose. 

B. N-Acetylaspartate: A novel biomarker for traumatic brain injury in body 
fluids: TBI has been called the "signature injury" of the Iraq war. Since Operation Iraqi 
Freedom began five years ago, the Department of Defense reports that more than 
1,500 U.S. soldiers have died and more than eleven thousand American troops have 
been wounded. Among the most debilitating wounds are traumatic brain injuries. 
Thanks to such new helmet materials and technology, many war fighters in the global 
war on terror are surviving head injuries that in previous wars would have been fatal; 
however, they subsequently are plagued by TBI, which can be a chronic and debilitating 
condition without proper diagnosis and treatment. Also veterans with less severe brain 
damage are not getting the medical attention they need due to lack of diagnostic 
techniques. In view of the above situation, development of a sensitive and cost effective 
biomarker which could be used for screening hence identifying mild injuries as well as 
for predicting the progression and prognosis of moderate to severe injuries will be of 
tremendous importance to the soldiers, their family and the nation as a whole. 

V. MATERIALS AND METHODS: 

V.1. Ex9erlmental Design and General Procedures: 

A. Neuroprotection Strategies for TBI 

Experimental Plan: A summary chart of the experimental plan is shown in 
Figure 1 below. As mentioned above, we plan to test four ketoesters for efficacy in our 
TBI model system. They are4} 1,3-butane-diol-diaceoacetate (BDAA), 2) 1,3-butane
diol-di-p..hydroxybutyrate (BDHB), 3) glyceryl triacetoacetate (GTAA) and 4) glyceryl tri 
p..hydroxybutyrate (GTHB). Initially we plan to do a dose-response study in control rats 
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to test their effectiveness in increasing ketone body concentrations in the brain. We will 
use the molar dose range we have used earlier for similar studies we have done using 
GTA (16,17). An HPLC method we have described earlier will be used to 
simultaneously measure acetoacetate, /3-0HB and acetate levels in the brain to 
determine the optimal dose for each ketoester. Subsequently, we also witl do a time 
course study with the optimal dose obtained from the dose-response study. Groups of 
five male rats will be used for each time point or dose. This study will be done for all the 
four ketoesters before they are used in the TBI study. The experimental plan will be 
adjusted as needed depending on the dose-response and time-course studies. For 
example, if the time course studies show rapid metabolism of certain esters, then the 
number of doses per day will be adjusted accordingly. This study also will reveal 
whether or not any of these ketoesters have any yet unknown acute toxic effects. Brain 
Injuries will be perfonned as described in the previous protocol and as detailed below. 

Similar dose response and time course studies are not planned for melatonin 
since we already know the effective dose ranges based on earlier studies in other 
model systems. We plan to select three doses in the range for the proposed 
experiments. Also. we plan to use intraperttoneal route in the case of melatonin based 
on previous studies. In contract, the ketoesters will be given intragastrically using a 
blunt end syringe as we have done earlier for GTA administration. 

TSI 

Arr iv• -5 ·l 

·1 -3 0 

Eulhanize for 
Biochemiul Studies 

3 

DAYS 

7 14 

Futhanize for 
Toxicity Studies 

····:. 21 

Figure 1: Timeline summary chart for the TBI experiments. See text for details. 

In general, the methods we have followed in the case of GTA in the previous 
protocol will be followed to determine neuroprotective effectiveness with all four 
ketoesters and melatonin. Two biochemical and three behavioral end points will be 
followed to assess effectiveness. The biochemical end points will include 1 ) changes in 
NAA content in the ipsilateral side and 2) changes in ATP content on the ipsilateral side. 
The behavioral end points will include 1) neurological score 2) Rotarod balance test and 
3) locomotion based parameters. We have found that we cannot perform craniotomy 
surgery and impact injury on more than 25 animals per day. Therefore we plan to limit 
each experiment to a total of 25 animals. These will include 5 groups of five animals: 1) 
sham control {surgery but no CCI injury), 2) injured-untreated and 3-5) three groups of 
injured and treated animals with the 3 doses selected from the initial dose-response 
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study. The experiments will be repeated for each of the 4 ketoesters listed above and 
melatonin. Also, the experiments will be repeated three times to increase the number of 
animals in each group (5 animals for biochemical end points and 10 animals for 
behavior end points); these animal numbers are based on our previous experience with 
the use of GTA as a neuroprotectant in TBI (5). Our plan is to administer the ketone 
esters intragastrically, melatonin intraperitoneally, all once daily during the first 
week and once on alternate days during the next three weeks. The animals will be 
tested for neurological score, Rotarod balancing and locomotion activity on alternate 
days starting from the second day. For measurement of biochemical end points, the 
studies will be repeated as described above except that the animals will be euthanized 
on the fourth day following the behavioral testing done on days 1 and 3. We have 
designed the experimental plan based on our recent experience with testing the 
neuroprotective effect of GTA on TBI (16). The methods given in our recent publication 
will be used for determination of NAA and ATP. The biochemical analyses will be done 
using fresh or frozen tissues obtained from animals euthanized by decapitation under 
anesthesia. The methods for the neurological scoring, Rotarod and focomotion 
behavioral tests are given below. 

Traumatic brain injury in the rat using controlled cortical Impact: Adult male 
Sprague-Dawley rats (200-300 g wt) will be housed on a 12-h light/dark cycle (06:00-
18:00) at 22-23°C with free access to food and water. Rats will be allowed to acclimate 
for 5-7 days prior to experimental procedures. Rats will be initially anesthetized with 4-
5% isoflurane in 100% 0 2 in a vented anesthesia chamber. Following endotracheal 
intubation, rats are mechanicaUy ventilated with a 1-3% isoflurane mixture. The rats are 
then mounted in the injury device stereotaxic frame in a prone position secured by blunt 
ear bars and incisor bar. The head is held in a horizontal plane with respect to the 
interaural line. An incision and an 8-mm craniotomy is made over the right primary and 
secondary motor cortex. Injury parameters will include using a 6mm flat steel impact 
tip, with injuries localized around motor cortex at 0.5 mm posterior to the coronal suture 
and 3 mm lateral to the sagittal suture (5m/s, 2.5mm deformation). Core body 
temperature will be monitored by a rectal thermometer and maintained at 36 to 37°C. 
After removal of the bone flap, injury will be produced with the CCI device (Pittsburg 
Instruments, Inc.) that was recently acquired and calibrated. Target insult parameters 
will be a penetration depth of 2.5 mm (for moderate injury) and 3.5 mm (for severe 
injury) and a constant velocity of 4 mis. These conditions produce a reliable lesion that 
progresses over 1 week. Impact velocity will be measured for reproducibility. The bone 
scalp will be replaced and sealed with dental cement, and the scalp incision will be 
closed with stainless steel clips. The animals will be placed in a heated cage (35-37°C) 
to maintain body temperature while recovering from anesthesia. Sham-operated 
controls will receive craniotomy as described above but no impact injury. The impact tip 
will be placed lightly on the dura, and then removed before sealing the wound. We have 
has extensive experience in this model of TBI based on our recent work with GTA, as 
described in the previous protocol and our recent publication of this work ( 16). 

Neurological score: The neurological score for each CCI injured animal will be 
assessed on the behavioral testing days according to the method of Garcia et al. (36). 
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Briefly the 6 part scoring is done as described below by investigators blinded to the 
treatment groups. 

1. Spontaneous Activity: The animal will be observed for 5 minutes in its cage. 
Scores indicate the following: 3, rat moved around and approached at least three walls 
of the cage; 2, slightly affected rat moved about in the cage but did not approach all 
sides and hesitated to move, although it eventually reached at least one upper rim of 
the cage; 1, severely affected rat did not rise up and barely moved in the cage; and O, 
rat did not move at all. 

2. Symmetry in the Movement of Four limbs: The rat is held in the air by the 
tail to observe symmetry in the movement of the four limbs. Scores indicate the 
following: 3, all four limbs extended symmetrically; 2, limbs on left side extended less or 
more slowly than those on the right; 1, limbs on left side showed minimal movement; 
and 0, forelimb on left side did not move at all. 

3. Fore paw Outstretching: The rat is brougtit up to the edge of the table and 
made to walk on forelimbs while being held by the tail. Symmetry in the outstretching of 
both forelimbs is observed while the rat reached the table with the hindlimbs kept in the 
air. Scores indicate the following: 3, both forelimbs were outstretched, and the rat 
walked symmetrically on forepaws; 2, left side outstretched less than the right, and 
forepaw walking was impaired; 1, left forelimb moved minimally; and 0, left forelimb did 
not move. 

4. Climbing: The rat is placed on the wall of a wire cage. Normally the rat uses 
all four limbs to climb up the wall. When the rat was removed from the wire cage by 
pulling it off by the tail, the strength of gripping is noted. Scores indicate the following: 3, 
rat climbed easily and gripped tightly to the wire; 2, left side was impaired while climbing 
or did not grip as hard as the right side; and 1, rat failed to climb or tended to circle 
instead of climbing. 

5. Body Proprioception: The rat is touched with a blunt stick on each slde of the 
body, and the reaction to the stimulus is observed. Scores indicate the following: 3, rat 
reacted by turning head and was equally startled by the stimulus on both sides; 2, rat 
reacted slowly to stimulus on left side; and 1, rat did not respond to the stimulus placed 
on the left side. 

6. Response to Vibrlssae Touch: A blunt stick is brushed against the vibrissae 
on each side; the stick is moved toward the whiskers from the rear of the animal to 
avoid entering the visual fields. Scores indicate the following: 3, rat reacted by turning 
head or was equally startled by the stimulus on both sides; 2, rat reacted slowly to 
stimulus on left side; and 1, rat did not respond to stimulus on the left side. 

The score given to each rat at the completion of the evaluation is the summation of 
au six individual test scores. The minimum neurological score is 3 and the maximum is 
18. 

Rotarod balance test: See section V. 4.4.6 

Locomotor activity and Habituation experiments: See section V.4.4.6 

Safety/Toxicity Analyses: At the end of the 1 month chronic study, the animals 
will be euthanized by transcardiai perfusion with 10% neutral buffered formalin under 
anesthesia. While the animal is under anesthesia, about 1 ml blood will be removed 
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from the hear1 before the start of the formalin perfusion. Subsequently, the fixed tissue 
will be removed and used for histological and immunohistochemical analyses. Serum 
obtained from blOOd will be used for the biochemical analysis to determine 
safety/toxicity due to the treatment conditions. 

Studies Involving treatment combinations; Following successful completion of the 
ketoester and melatonin studies, we plan to test different combinations for possible 
additive or synergistic effects. Also, we plan lo test effect of grapefruit juice 01'\ ke1one 
body ester/GTA effectiveness in View of the fact that grapefruit juice contains potent 
anti-esterase flavenoids that will prevent premature hydrolysis of the esters in the gut, 
liver and plasma, possibly increasing delivery of the esters to the brain and enhancing 
their effectiveness. Our plan is to mix the esters with grapefruit juice in equal proportion 
and administer them via oral or 
intragastric routes. We have no reason to 
think that the effed, if any, will be specific 
to a particular ketone ester or ketone 
ester/GT A combination because of the 
nonspecific nature of these esterases. 
Therefore, we plan to perfonn this study 
with the most effective ketone ester or 
ketone ester/GTA combination. All other 
aspects of the study wlll be as described 
for individual ketone esters. 

Blast over pressure injury: The 
blast Injury wiil be performed at WAAIR 
(see Fl ure 2 __yncier the supervision of 
Dr. a collaborator in the 
propose - s u ies (WRAI R animal 
protocol# 11-PN-23S). Groups of male 
Sprague Dawley rats (250-300 g) will be 
anesthetized with isoflurane, placed in a 
prone position in a holder that is 
transversely secured across the mouth of 
the shock tube (Figure 2) and exposed to 
sham treatment (i.e. anesthesia and 

--Uf'f 

Figure 2.. Shock 
tube used to 
generate BOP 
ini11r i4:ts in r::tk 

positioning without BOP) or moderate BOP ( 126kPa) using a compression driven shock 
tuba, in which air blast is triggered oy mylar membranes rupturing at predetermined 
pressure (60). Duration of apnea and latency to recover righting reflex after BOP will be 
recorded for subjects in all the injury groups. Cafea6oriza~on of a 126kPa BOP intensi~ 
as moderate is based upon th~ observations Dr. bl< > esearch group have made with 
rats exposed to this pressure in experiments conducted to date (37). Higher pressure 
injury will be tested in subsequent studies based on the results with the moderate injury. 
Detailed studies using this brain injury model will be planned in the future. if the initial 
results are encouraging. 

As mentio1~ ajve, the BOP injury will be carried out at WRAIR under the 
supervision of Dr.<>< l We understand that LAM has developed a procedure to 
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transport animals to and from WRAIR for this purpose. This currently approved 
procedure at LAM will be followed. 

Calculation of the number of animals required 

Experiment 1: Initial Dose Response and Time Course Studies using 
Control Rats. 

Dose Response= 120 (5 animals/group x 4 ketoesters x 6 doses (0 dose+ 5 
doses around the one used for GTA in the earlier studies) 

Time Course = 120 [5 animals/group x 4 ketoesters x 6 time points (0, 2h, 4h, 
8h and 16h and 32h )} 

Total= 240 (120 + 120): Pain Category: C =240, D =O, E =O. 

Experiment 2: TBI Study with Individual Neuroprotectants. 

Animals required for each TBI experiment= 25 (5 animals /group x five 
groups[sham control --surgery but no CCI injury, injured-untreated, three groups of 
injured and treated animals with the 3 doses selected from the initial dose-response 
study]. 

Repetition of the study = 3 

Number of Neuroprotectants = 5 (four ketoesters and melatonin) 

Total= 375 (25 x 3 x5). Pain Category: C =O, D =O, E =375 

All the animals will undergo surgery under anesthesia, but the subsequent pain 
will not be alleviated. So all the animals are listed under category E. 

Experiment 3: TBI study with combination of Neuroprotectants 

Animals required for each TBI experiment= 25 (5 animals /group x five 
groups[sham control-surgery but no CCI injury, injured-untreated, three groups 
of injured animals treated with three optimal doses]. 

Repetition of the study = 3 

Combinations = 4 (ketone body ester + melatonin, GTA + melatonin, ketone body 
ester + GT A and ketone body ester + grape fruit juice) 

Total= 300 (25 x 3 x 4). Pain Category: C =O, D =O, E = 300. 
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All the animals will undergo surgery under anesthesia, but the subsequent pain 
will not be alleviated. So all the animals are listed under category E. 

Experiment 4: Blast Over Pressure (BOP) Injury Model 

Animals required for each BOP experiment= 25 {5 animals /group x five 
groups[sham control {surgery but no BOP injury, injured-untreated, three groups of 
injured and treated animals with 1- optimal ketone body ester, 2-GTA and 3-melatonin] 

Repetition = 3 

Total= 75 (3 x 25). Pain Category: C = 15, D =O, E = 60. 

The control animals will be given anesthesia, but no surgery or exposure to BOP. 
So they are listed under category C. All the other animals will be subjected to BOP 
under anesthesia, but the subsequent pain will not be alleviated. So these animals are 
listed under category E. 

B. N-Acetylaspartate: A novel blomarker for traumatic brain injury in body 
fluids: 

The goal is to analyze the time course of NAA concentration changes in serum 
samples after brain injury using the controlled cortical impact model of TBI in rats. 
Serum samples will be analyzed to detennine the time course of the rise and decline of 
NAA levels after injury and to compare the changes in NAA levels using three levels of 
injury severity; mild, moderate and severe. 

Controlled cortical impact (CCI) model: We will follow our ongoing CCI protocol 
described in the previous section with minor modifications. The surgery will be 
conducted on a clean lab bench surface with restricted traffic flow through the area 
during surgery. The lab bench will be disinfected with 70% alcohol before and after 
each animal surgery. Briefly, male Sprague-Dawley rats (200-300 g) are anesthetized 
with 3% isoflurane vaporized in 02 (flow rate = 0.8 Umin) and then maintained with 2% 
isoflurane during surgery. When the animal is anesthetized, its head will be shaved with 
a hair clipper. The head will be cleaned with betadine and alcohol, each repeated 3 
times alternately. Then the animal will be placed into a stereotaxic frame (appropriate 
frame size will be used for rats) after treating its pressure points such as ears and nose 
with lidocaine jelly. A heated pad with thermister·controlted feedback will be put 
between the animal's body and the base of the stereotaxic frame. Following fixing the 
head in a stereotaxic frame, and after retracting the scalp, a dental drill-trephine is used 
to make a 5 mm craniotomy over the left motor cortex, 0.5 mm posterior to the coronal 
suture and 3 mm lateral to the sagittal suture. Care will be taken to avoid injury to the 
dura, which will be continuously bathed in sterile physiological saline during the 
procedure. Body temperature is monitored throughout the surgery by a rectal probe and 
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maintained at 37.0 ± 0.5°C by using a heated pad, as indicated above. After removal of 
the bone flap injury is produced with a CCI device (Pittsburg Instruments, Inc.) that is 
pre-calibrated. Immediately after the injury, the bone flap is replaced and sealed with 
dental acrylic cement and the scalp is sutured and skin closed. The animals are then 
placed in a heated cage (35-37°C to maintain body temperature while recovering from 
anesthesia. Sham-operated controls will receive craniotomy as described above but no 
impact injury. 

This injury model will be used in order to analyze increases in serum NAA levels 
at several post injury time points and with 3 levels of impact injury severity. The three 
injury severity models are defined as mild (2mm CCI impact tip with 1 mm of cortical 
deformationO, moderate(6mm impact tip with 1 mm deformation) and severe (6mm 
impact tip with 3mm of cortical deformation). Impact parameters for each of the 3 levels 
of injury severity will be measured for reproducibility. Injury severity will be confirmed for 
each rat by monitoring pre and post-injury NAA levels in the brain at several time points 
using magnetic resonance spectroscopy (MRS) using the small animal MRS system at 
USUHS. Greater NAA reductions in the left hemisphere as detected by MRS will be 
indicative of more severe injuries. 

Rat blood sample collection: Blood samples will be taken from each rat at 
multiple post-injury time points via a temporary vein cannula that will be implanted 
during CCI surgery. Blood samples (0.1 - 0.2 ml) will be taken at 20 min., 40 min., 1 hr, 
2hr, 4hr, 24hr, 48 h, 1 week, 2 weeks, 3 weeks and 4 weeks. Blood will be centrifuged, 
and serum samples will be frozen rapidly on dry ice for later analysis. 

Noninvasive analysis of brain NAA by MRS:As an independent measure of 
injury severity and NAA loss from the brain, NAA levels in the left frontal pole will be 
monitored by MRS prior to injury, and at several post-injury time points including 1 hour, 
24 hours, 48 hours, 1 week and 4 weeks post-injury. 

In vivo MRS will be performed on the BrukerBioSpec system (Bruker NMR, 
Inc., Billerica. MA) in the Translational Imaging Facility at CNRM (Center for 
Neuroscience and Regenerative Medicine). This system consists of a 7-Tesla (T), 20-
cm horizontal bore, superconducting magnet (Magnex Scientific, Abingdon UK) with a 
Biospec 70/20 console and computer workstation with latest Paravision software for 
imaging and spectroscopy. An Autopac mouse and rat positioning and physiological 
monitoring system, an 86 mm quadrature transmit coil and a phase array mouse head 
coil (4 channels) will be used for MRS acquisition. The rats will be anesthetized with 
isoflurane (1-2%) during positioning and scanning. Localized single voxel PRESS MRS 
will be applied with parameters of TR=2500ms, TE=25ms, number of average = 256, 
and voxel size of 3-5 mm3. We have used this system to monitor the levels of NAA in 
Asp-NAT knockout heterozygote mice with voxels localized to the hippocampus. The 
system is highly sensitive and can detect even modest changes in brain NAA levels 
associated with mild CCI injuries. 

Total number of rats for the study= 10 animals/group X four groups (control, 
mild, moderate and severe) X 2 ( 1 + 1 confirmation study) = 80. Pain Category C = 0 

USUHS Form 3206- Revised June 2005 
Previous v911;ions are obsolete 

16 



; D • O; E = 80. 

All the animals will undergo surgery under anesthesia, but the subsequent pain 
will not be alleviated. So all the animals are listed under category E. 

Calculation of total number of animals 

A. Neuroprotection Strategies for TBI 

Experiment 1 +Experiment 2 +Experiment 3 +Experiment 4 = 240 + 375 + 

300 + 75 = 990. Pain Category C = 255, D :s 0, E = 735 

B. N-Acetylaspartate: A novel biomarker for traumatic brain injury in body 
fluids. 

Experiment 1 = 80. Pain Category C = o, o = o, E • 80 

C. Extra anlmal• for training procedures and anesthesia fallure1. 

10% of the animals In category E = 82 

Grand Toy! = 990 + 80 + 82 = 115,2. 
Pain Category C =-255 ; D = O ; E = 897 

V.2. Data Analysis: Data will be presented as mean± SE.M. Parametric data (NM, ATP 
etc.) will be analyzed using a ~ired 2·tailed t test for the paired data or a 1-way analysis of 
variance (ANOVA) followed b~(b)(B) !multiple comparisons post test. Nonparametric data 
(histology data, behavioral data) will be analyzed using e Wilcoxon signed rank test for paired 
data or a Kruskal-Wallis test (nonparametric ANOVA). An associated probability value of P< 
0.05 wlll be considered significant. 

Power analysis using the quantitative data obtained from our eartler studies have 
indicated that for behavioral studies a sample size of 10 animals per group will have 
80% power to detect a difference of 1.5 standard deviations between groups assuming 
a 5% significance level, and should be ~ufflclent for the outcomes we intend to 
measure; power calculations were performed using nQuery Advisor® 4.0 software. 
Similar calculations have indicated that 5-6 animals/group is sufficient for biochemical 
and immunohistochemical studies. The total number of animals for each experiment 
has been calculated based on the above considerations. 
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V.3. Laboratory Animals Regulred and Justification: 

V.3.1. Non-animal Alternatives Considered: The specific nature of the project does 
not permit use of non-animal alternatives. The global physiological changes occurring in 
different cell types in the in-vivo brain injury models cannot be reproduced in single cell 
culture system, or any alternatives. 

V.3.2. Animal Model and Species Justification: Controlled cortical impact (CCI) in 
the rat is one of the most extensively used models of TBI in the literature and this allows 
us to compare our results with those from other established laboratories. 

V.3.3. Laboratory Animals 

Species #1 Species #2 
V.3.3.1. Genus & Species: Rattus Norvegicus 
V.3.3.2. Strain/Stock: Sprague-Dawley 
V.3.3.3. SourceNendor: 
V.3.3.4. Age: 
V.3.3.5. Weight: 200-300g 
V.3.3.6. Sex: Male 
V.3.3.7. Special Considerations: 
V.3.4. Number of Animals Required (b~ Species): 1152 

V.3.5. Refinement, Reduction, Replacement (3 Rs): 

V.3.5.1.Refinement: 
In the initial studies conducted to test the effect of GTA on traumatic brain injury using the 

CCI model, we have focused on the obvious behavioral, biochemical and histological 
parameters which are known to be well associated with TBI. We have found that most of the 
animals recover fast and start running around in apparent normal way in a matter of hours. 
Occasionally, some (less than 10%) are found to show a greater impairment. As a refinement, 
we plan to look for such animals and euthanize them since they are likely to be outliers in the 
study as well. Also, animals will be acclimated before the behavioral studies. 

V.3.5.2. Reduction: 
We have considered reducing the total number of control animals by avoiding separate 

control groups. However, in view of the variations between animals, especially in behavioral 
parameters, we do not feel comfortable in comparing with a control group done on another day. 
Therefore, we are unable to reduce the number of animals in the control group. Also, we have 
tried to use the minimum number of animals for each experiment based on our prior experience 
with GTA (earlier protocol). 

V.3.5.3. Replacement: 
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In silico methods and tissue culture approaches cannot be used for evaluation 
of the questions studied here, since these actions can only be obseNed in an 
intact living animal. At the present time, animals lower than rodents in the 
phylogenetic scale cannot be used to model brain Injury Jn human, because of 
wide anatomic and physiological differences. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

seectes #1 

255 

897 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesla/Analgesia/Tranguilization: 

Species #2 

For CCI model of TBI, rats will be initially anesthetized with 3-5 % isoflurane in 100% 0 2 in a 
vented anesthesia chamber .• Rats under anesthesia will be placed on a stereotaxic instrument 
and continuous isofluorane anesthesia (2%) will be given using a nose cone. 

For blast overpressure exposure, rats will be initially anesthetized as described above. 
However, continuous anesthesia will not be given because of the short duration of the blast 
exposure. That rats are under anesthesia will be determined by their lack of response to 
pinching the toes. 

We do not plan to use analgesia for these studies. One of the main purpose of these studies 
is to evaluate the anti-inflammatory and healing effects of different neuroprotectants or 
combinations on CCI-induced or BOP-induced brain injuries and the associated pain to be 
evaluated by behavioral/neurological tests. Thus, any additional pain relief efforts in experiment 
will interfere with the goal of this study. The same situation applies to the other goal of testing 
NAA as marker for TBI in body fluids. However, pain will be alleviated to the extent possible 
without compromising the goals of the project. Carprofen (2-5 mglkg, SC) or meloxicam (1-2 
mg/kg, SC) will be given to rats as an analgesic, if animal show signs of pain or stress such as 
a hunched posture, not eating/drinking, reluctance to move during the recovery period. 

V.4.1.2.2. Pre· and Post-grocedural (not surgery) Provisions: 
Animals will be dually housed and adapted to their environment for at least 5 days prior to the 
experiments. During this time, the animals will be adapted to the behavioral studies by two trial 
runs on the behavioral study set ups. 

V.4.1.2.3. Paralytics: NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 
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V.4.1.3.1. Sources Searched: PubMed 1 Agricola: 

V.4.1.3.2. Date of Search: 3/28/2013 

V.4.1.3.3. Period of Search: 1966-2012 

V.4.1.3.4. Key Words of Search: animal, rat, mouse, pain, analgesia, transcardial 
perfusion, controlled cortical impact model. 

V.4.1.3.5. Results of Search: PUBMED: A total of 152 publications were obtained 
when all key words except transcardial perfusion were used. However, none appeared 
when transcardial perfusion was induded in the search. All of the 152 publications 
involved studies on different aspects of pain, including neural mechanisms and newer 
pain relieving agents. When key words rat and transcardial perfusion were combined, 
47 publications describing studies involving the use of transcardial perfusion were 
obtained. When key words mouse and transcardial perfusion were combined, 13 
publications describing studies involving the use of transcardial perfusion were 
obtained. None of them provided any alternatives to the proposed painful procedures. 
Agricola: None of the publications provided an alternative to the painful procedure used 
in this protocol. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
One of the main purpose of this study is to evaluate the anti-inflammatory and 

healing effects of different neuroprotectants or combinations on CCI-induced or BOP~ 
induced brain injuries and the associated pain to be evaluated by behavioral/Neurological 
tests. Thus, any additional pain relief efforts in experiment will interfere with the goal of this 
study. The same situation applies to the other goal of testing NAA as marker for TBI in 
body fluids. However, pain will be alleviated to the extent possible without compromising 
the goals of the project. Carprofen (2-5 mglkg, SC) or meloxicarn (1-2 mg/kg, SC) will be 
given to rats as an analgesic, if animal show signs of pain or stress such as a hunched 
posture, not eating/drinking, reluctance to move during the recovery period. 

V .4.2. Prolonged Restraint: N/A 

V.4.3. Surgery: 

V.4.3.1. Pre·surglcal Provisions: 
The surgical procedures will be performed aseptically following the LAM guidelines. 

Anesthesia will be induced by isoflurane vapor in 100% oxygen in a commercially 
available induction chamber. Once anesthesia is induced, animals will be transferred to 
the designated surgery area and anesthesia will be maintained via nose cone. See 
Section V.4.1.2.1 Anesthesia/Analgesla!Tranquilization for details. 

When the animal is anesthetized, its head will be shaved with a hair clipper. The 
head will be cleaned with betadine and alcohol, each repeated 3 times alternately. Then 
the animal will be placed into a stereotaxic frame (appropriate frame size will be used 
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for rats) after treating its pressure points such as ears and nose with lidocaine jelly. A 
heated pad with thermister-controlled feedback will be put between the animal's body 
and the base of the sterootaxie frame. Ophthalmic ointment will be applied to the eyes 
to prevent dryness. The body will be covered with a sterile drape with an opening to 
expose the head. 

V.4.3.2. Procedure: Animal svrgery. anesthesia and cc1~ TB/: The surgery will be 
conducted at the Surgery room, Center of LAM on a clean bench surface under strict 
aseptic precautions with restricted traffic flow through the area during surgery. The lab 
bench will be disinfected before and after each animal surgery. Adult male Sprague
Oawley rats .(200-JOOQ wt} will b~ initially an~sthetized with 3-5% isoflurane in a 100%02 
mixture in a vented anesthesia chamber. The rats are then mounted in the injury device 
stereotaxic frame in a prone position secured by ear bars and incisor bar and are 
mechanically ventilated with a 1-3% isoflurane in 100% 0 2. The rat head will be held in a 
horizontal plane with respect to the interaural line. An incision and a 6mm craniotomy is 
made over th~ left parietal oort~x (Bregma 3.70mm, interaural 12.70mm). Tt'\e oote bOdy 
temperature will be monitored by a rectal thermistor probe and maintained at 36 to 37°C. 
After removal of the bone flap, injury will be produced wah the CCI device. A penetration 
depth of 2 .5mm for moderate injury and 3.5 mm for severe injury with a velocity of 4m/s 
will be used. Impact velocity will be measured. The bone scalp is replaced and sealed 
with dental cement, and the scalp incision is closed with surgical clips. 

Temporal)' vein cannula implantatiort We plan to implant a temporary cannula on 
the lateral tail vein since repeated blood samples are required over a relatively short 
period of time. This will be done during the surgery associated with the CCL An 
intravenous catheter is inserted into the vein by puncture of the skin and taped in situ . A 
heparin flush is used (0.1 m\) after placement and between samples to prevent clotting. An 
access port is ins~rted into the e-xterionzed end of the cannula. which stops the blood from 
flowing, and the catheter is taped into place. Aseptic technique will be used and a local 
anaesthetic cream (e.g. EMLA cream) will be applied to the site 30 minutes prior to 
Insertion of the catheter. The tall will be washed with diluted Hibiscn.ib ( 1 %) in order to 
see the blood vessel. The lateral tail vein will be accessed approximately one-third along 
the length of the tail from the tail tip. 

V.4.3.3. Post-surglca• Provisions: After CCl-TBI surgery, anrmals will be kept in 
warm condition by a heated blanket or light until they recover from anesthesia. The 
surgical area will be observed, and Carprofen (2·5 mg/kg, SC) or Melo)(icam (1-2 
mg/kg, SC) will be given to rats as an analgesic, if animal show signs of pain or stress 
such as a hunched posture, not eating/drinking. reluctance to move during the recovery 
period.The animals will be observed twice daily after surgery and recovery. 

V.4.3.4. Location: 
l,;.(b~(~=--==oo====or========5=======-======''acillties at 
USU HS 

V .4.3.5. Surgeon: Orl .... lb_J<B_) __ _, 
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V.4.3.6. MultJple Malor Survival Operative Procedures: NIA 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Anlmal Manlpulatlons: 

V.4.4.1. lniections: 
Drug name Dote Freguenc Route Site Volum Needle 
(concentration ~ 
) 

! size 

Neuroprotectan 5-8 Once or intragastric Stomach via Up to Gavag 
t keto esters ( 1 ~ once daily mouth 2.0 ml e 
gm/ml) needle 

for rat 
Melatonin ( 10 20 Once daily I ntraperltonea Lower Up to 25 ga 
mg/ml) mlk I abdomen 0.5 ml 1ln 

a 
Fatal Plus or 85- Once lntraperitonea Lower Up to ~5J1! 
equivalent (50 100 I abdomen 0.5ml 1 in 
mg/ml) mg/k 

a 
Carprofen (7 .5 2-6 Once subcutaneous lnterscapula Up to 25 ga 
mg/ml) mglk r 0.2ml 1 In 

a 
Meloxicam (2.5 1-2 Once subcutaneous lnterscapula Up to 25 ga 
mg/ml) mg/k r 0.2ml 1 in 

g 

V.4.4.2. Biosamptes: Blood will be collected from live animals via temporary vein 
cannula. Tissues such as brain, lung, liver, kidney, heart and blood will be collected 
post mortem. 

V.4.4,3. Adluyants: N/A 

V.4.4.4. Monoclonal Antjbody lMAbsl Pc9cfuctjon: NIA 

V.4.4.5. Animal Identification: The animals wlll be Identified by cage caret However. 
individual animals after procedure will be given a particular identifying tattoo on their 
pinna of the ear. tail, anns or legs. 

V.4.4.6. Behavioral Studies: The behavioral studies will be performed daily 
starting et 24h followlng TBI. Given the wide spreed nature of the brain damage In focal 
brain Injuries such as in the proposed TBI model, we expec~ ~fior and multiple 
behavioral changes in these animals . Our collaborator, Drl b) I has extensive 
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(Endevco) incorporated into a low profile aluminum holder are used to record the static 
(i.e. side-on pressure) and dynamic pressure (i.e. blast wind) to which each rat is 
exposed. Piezoresistive gauges (Endevco) incorporated into a low profile aluminum 
holder are used to record the static (i.e. side-on pressure} and dynamic pressure (i.e. 
blast wind) to which each rat is exposed. For whole body exposures, anesthetized rats 
are placed in a transverse prone position in a mesh pouch that is positioned 2.5 ft within 
the mouth of the shock tube. The mesh pouch is suspended and tightly secured to the 
4 arms of the holder. 

V.4.4.8. Tissue Sharing: Tissues may be shared with other investigators upon 
request. 
V.4.5. Study Endpoint: The animals will be euthanized for tissue collections and also for 
histological analysis at the end of each study. For hiskllogical aRalysis, transcardial 
formalin perfusion will be performed following injection of a 8&-10G mg/kg dese of Fatal 
Pllols or another pentoeamital based el.lthanasia solution. 

Early Endpoint: Any of the following will represent a reason for early euthanasia: 
inability to ambulate or reach food or water, self mutilation, continuous circling, or 
persistent labored respiration or gasping, loss of 20% of weight below baseline, 
prostration/inactivity for up to 24 hours, or a significant decline in vital signs. These 
signs, if obseived by animal facility personnel and no study personnel can be reached, 
may be taken by the veterinarian as cause for euthanasia. 

V.4.6. Euthanasia: Some animals in each group will be euthanized by decapitation 
following injection of a 100 mg/kg dose of pentobarbital based euthanasia solution. 
Others will be euthanized by transcardial perfusion following euthanasia solution 
administration (Fatal Plus, 85-100mg/kg or otlier pentobarbital based euthanasia 
solution, lntraperitoneal, 400-500µ1 volume, 25 gauge needle). 

Transcardial perfusion will be done as described (16, 17}. Briefly, animals will be 
deeply anesthetized with Fatal Plus (85-100 mg/kg), and the heart will be exposed by 
opening up the thoracic cavity after confirming that the animal is fully under anesthesia. 
To monitor the depth of anesthesia we will test whether the animal has lost its toe pinch 
(pedal withdrawal) reflex. The animals will be perfused with either 10% neutral buffered 
formal;n or 4% freshly depolymer;zed paraformaldehyde through the left ventricle using 
a peristaltic pump. The right atrium will be cut and approximately 200 ml of fixative 
solution will be passed through the circulatory system. Following the perfusion, tissues 
will be removed to a container of fresh fixative solution prior to hlstopathological 
analysis. 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Routine animal husbandry will be provided in 
accordance with LAM Husbandry SOPs for all rats in this protocol. 
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V.5.1.1. Study Room: CCl-TBI will be conducted 'n LAM's surgery room or CNRM 
facil ities. 

Part of the experiments in V.1.Awlll be conducted at WRAIR. For this purposa, 
we will follow the guidelines given In the LAM SOP No 22-425. Briefly, the rats will 
be transported in a government van and a temperature of 68-79°F will be 
maintained Inside the van. TM van will be thoroughly cleaned before and aftet 
use with MB-10. The cages will be restrained using the seat belts to avoid sliding 
around. 

The rats will ba at WRAIR for 4-5 hours to give enough recovery time 
following the anesthesia and blast exposure. The rats will be monitored at 30 min 
Intervals during this p•t h>d tlY the Pl or an associate and should a rat txperienee 
une>epected severe injury, the rat will be euthanized using the procedure given in 
the USUHS protocol. Also, the transport of rats to and from WRAJR wlll be 
coordinated with the veterinarians of both WRAIR and USUHS. 

Building(s) llb)(S) I Room Number<sl-116-\(6-) ........................................ ......... 
1(6)(6) 

V.5.1.2. 
Speclal Husbandry Provisions: No separate housing required after surgery 

Food Restriction: Yes No x 

Fluid Restriction: Yes No x 

V.5.1.3. Exceptions: 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Vetar inarv Medical Care: The animals will be observed dally 
according to LAM SOPs. 

V.5.2.2. Emergency Veterinary Mes;tical Care: AU emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-eall veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once dailv during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: All animals on ttiis protocol will be provided with 
routine environmental enrichment in accordance with LAM SOPs and IACUC Policies. 
Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 
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STUDY PERSONNEL. QUAL.IFICA TIONSITRAINING 
Qualifications of peraon Specific training in this I ' 

Protocol activity or performing activity l@,g,, activity or prooodur~ 
procedure (e.g., tail vein Name of person research technician, 2 (e.g .. rodent handling 
iniootions, euthanasia) _oerformina activity vrs exoorience) cias~. 19!il!iJ) 

lntragastric feeding, [0)(5) Ph.D. 8 yers exp in Investigator training, 
euthanasia, TBI models 2003. Rodent 
decapitation, perfusion, handling class, 2003 
CCl -TBI. 
Consulting Ph.D .. 20+ years Investigator training, 

exp. 1998, Rodent 
handling class. 
1998 

Behavioral studies (b)(6) Res. Assistant, 3-6 Investigator training, 
months experience 2012. Rodent 
in rodent handlina handlina class;2012 

Consulting Ph.D .. 15+ years lnvestigator training, 
experience 2000, Rodent 

handling class, 
2000 

Supervision of Res. Associate, 1 Investigator training, 
transport of rats. month experience in 2013, Rodent 
euthanasia rodent handling. handling class. 

2013 

VII. BIOHAZARDS/SAFETY: Gowns, Gloves, and masks will be used for personal 
protection and sharp items will be disposed off in separate containers as per safety 
rules. The volatile anes1hetic agents will be proper1y closed and removed from the 
proeedure area. Chemicals and hazardous waste used in this protocol will be handled In 
accordance with all applicable state and federal guidetlnes, regulations, and standing 
opera1ing procedures. 'Waste anesthetic gas (isoOurane) will be sca>Jenged and 
exposure to investigators will be minimized using the set up used in the LAM operating 
room since the surgeries will be done in one of those operating rooms. 

VIII. ENCLOSURES: References 

USUHS Form 3206 - Re\li$ed June 2005 
Pro\lioos 'ierslons are obsoleio 

26 



IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use; The animals authorized for use in this protocol wlll be used only tn 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

0. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protecti.on, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol . 

E. Training: I verify that the personnel performing the animal procedures J 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USU HS Investigator/Animal User 
T raining Course.

1
~K'l 

. t./;<S-/c)oJ_J 
Principai Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the perfonnance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health. 
comfort, welfare. and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has. embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful researcho 
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Principal Investigator Signature I~) I 
..... _____ __. Date 

[, /! ~ /~o 13 

1. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers. I 
have considered alternatives to such procedures; however, using the methods and 
sources described in the protocol; I have determined that alternative procedures are not 

available to accomplish the obir~ cf Ibis cwcar experimet j; k-/ o( 
0 

I 
3 

Principal Investigator Signature Date 
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X. PROTOCOL ABSTRACT: 
A. Animal Protocol Number: ... l(b_><

5_i ____ __. 

B. Animal Protocol Title: Development of Neuroprotectlon strategies for Brain injury using 
Rat models . 

C. Principal lnvestigator:f ._0_><
6_> ____ __,IPh.D. 

D. Parfonnina Organization: USUHS 

E. Funding: BAA-MRMC 

F. Oblective and_Aeproach: . . 
a: Neuroprotection Strategies for TBI. The central hypothesis is that melatonin 

and esters of the ketone bodies are very useful as neuroprotectants for clinical u~e 
because of their effectiveness, lack of toxicity and lipophilic properties that help to 
overcome ihe blood brain barrier. We propose the following speciflc aims. First, we will 
synthesize e.sters of jl-OHB and acetoacetate using glycerol as well as 1,3-butane-diol 
separately, and test their relative effectiveness as well as that of melatonin alone as well 
in combinations employing our ongoing CCI model of TBI In the rat. Second; we will 
detennine whether or not these esters and melatonin exhibit acute or chronic toxicity by 
analyzing blood Chemistry and tissue pathology. Subsequently, we will determine 
whether the effectiveness can be increased by combining with 1) GTA, the acetate ester 
we have used previously and 2) grapefruit juice, which contains anti-esterase flavenofds 
that will reduce premature hydrolysis ot the esters in the gut and liver, thus Increasing 
delivery of intact esters to the brain. Based on the outcome from the CCI model of TBI , 
we plan to test selected strateoies in the blast over pressure model of brain injury a.s 
well. 

b. N-Acetylaspartate: A novel biomarker for traumatic brain in;ury in bOdy 
fluids:.NAA is present in the human brain at a concentration of approximately 10 mMr 
and an approximately 1000-fold gradient exists between the intracellular and 
extracellular compartments. NAA has been found to be a reliable biomarker in ALS 
patients with an approximately 5 fold higher serum concentration than In healthy age 
matched controls .Our central hypothesis is that brain injury causes cellular damage 
and NAA efflux from neurons to the extracellular space and subsequently to ttt~ 
bloodstream. The NM efflux can be directly measured in the cerebrospinal fluid and will 
be reflected in body fluids such as blood and urine. Changes in NAA levels in one or 
both of these body fluids can be used to monitor brain injury and recovery after TBt to 
aid in diagnosis as well as prognosis. Our immediate goal is to develop a simple and 
reliable method for analyzing NAA in serum and urine after TBI for diagnostic 
purposes, validating its specificity to TBI and demonstrating that the NAA measurement 
can be converted to a point-of-care(POC) test. The long tenn goal of this proposal is to 
adapt the NAA biomarker method to a simplified hand held biosensor device for use on 
injured soldiers in combat support hospitals as well as for use in civilian hospital 
emergency rooms 
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G. Indexing Terms (Descriptors); . Glyceryltriacetate, traumatic brain injury, blast 
overpressure injury, rat. mouse, animal model, ketone body ester, melatonin, N
acetylaspartate, biomarker, controlled cortical impact model. 
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I. NQN .. TECHNICAL SYNOPSIS: 
This research will develop new behavioral tests for use in brain injury and PTSD research in the 
Pre-Clinical Studies Core of the Center for Neuroscience and Regenerative Medicine (CNRM). 
The CNRM Pre·Clinical Studies Core is a shared facility used by many scientists to assess the 
behavior of laboratory mice after various e1r.perimental manipulations. Behavioral testing is used 
as a measure of nervous system function after experimental manipulations, in~luding other 
behavioral training experiences, brain injury, and after treatments that alter the impact of those 
experiences or injuries. The tests currently available to researchers are designed to measure 
behavior across many functional domains such as motor function, sensory abilities, exploration, 
learning and memory, anxiety, and depression. There are multiple tests available to test a single 
functional domain such as "memory", and some tests have been shown to be more sensitive in 
detecting mild func,tional abnormalities aft.er experimental manipulations. We aim to find more 
sensitive cl'>gnitive tests that distinguish mild injuries resulting from trauma andlor stress. In 
addition, measures of other behavioral domains such as circadian rhythms, ingestive behaviors, 
and neuropsychiatric traits such as irritation and aggression have been successfully modeled in 
rodents by other investigators; and we will develop these assays and provide baseline and post· 
injury data through the experiments described in this protocol. These studies will validate and 
determine the effects of brain injury on these additional tests that will be made available to :ill 
CNRM researchers. 

11. BACKGROUND: 
11.1. Background: 

The Pre-Clinical Studies Core was established at the University approximately four years ago 
and is a facility shared by CNRM researchers (and other investigators) to evaluate the functional 
pcrfonnance of mice after experiment.al manipulations th.at cause traumatic brain injury (TBI), 
psychological stress or other changes, and the impact of experiential or genetic factors, or 
pharinacological or cell replacement treatments . The Core currently offers over 20 behavioral 
tests {Table I) and several thousand behavioral tests have been performed in the Core facilities 
by CNRM investigators over the past three year5, resulting in numerous publications and 
scientific abstracts/presentations that have contributed to pre-clinical drug development and 
translational research. 

USU HS Form 3206- Rellisod October 2008 
Previous ven:ions are obsoleto 

2 



Table 1. Behavioral tests available in the CNRM Pre--Cllnlcai Studies Core 

TEST FtJNCTION 

Open field Exploration 
Hole-board test Exploration/anxiety 

Rotarnd Motor coordination 
Beam walk Motor coordination 

Gno stten'1lh meter Muscular sttenmh 
J:lanmnn. wire test Muscular strenath 
Fear oonditionine Classical conditioning 

Barnes maze Spatial learnin2 and memory 
Morris water maze Spatial learninu and memory/workins:i: memorv 

Novel object recoSU1ition test Episodic memory 
Y-maze Et>isod ic/workin~ memorv 

Zero maze Anxiety 
Elevated plus maze Anxiety 
Forced-swim test Deriression/lea.med helplessness 

Sucrose preference test Deoressionlhcdonic motivation 
Female urine sniflinR test DeoressionJhedonic motivation 

Intruder test Agm-ession 
Sociability test Social interaction 

24~hour activity chambers Circadian rh vthms 
Acoustic Startle Resoonse Sensory/anxiety 

Hot-plate Sensorv/oain 

Despite great success of the tests offered by the Core to date in studies ofTBI, several needs of 
CNR.i\.f investigators have atisen: 1. Investigators using transgenic animals have expressed the 
need for basic sensory testing, 2. As milder, closed-head (no craniotomy) models of brain injury 
have become increasingly popular, the need for more sensitive behavioral tests has beoome 
apparent. In this protocol we propose to develop several acw tests that wilt address these two 
needs~ sensory testing will alJow investigators to assess transgenic animals to determine if they 
have sensory deficits that will interfere with (or alter interpretations ot) subsequent cognitive and 
neuropsychiatric testing, and exploration of alternative protocols for cognitive testing may reveal 
testing strategics that are sensitive enough to detect behavioral deficits after mild injuries. 

The goal of this research is to integrate new behavioral tests into the CNRM Pre-ClinicaJ Studies 
Core• s current offering of functional tests fur scientific investigators. Under protocolsl1bl(6J I 

1(0><6> lcxpired) andltbl<5> I the majority of the current tests have been validated in control 
animals and used in TBJ research, and the results are available to all investigators interested in 
employing behavioral testing in their experiments. This research will expand the offerings to 
include more sensitive cognitive tests, tests of sensory systems including vision and olfaction, 
and an assay of irritation, a neuropsychiatric complaint of brain-injured human patients. A 
database of"nonnative .. infonnation on how uninjured. C57BU6J adult male mice will first be 
collected to validate testing equipment and data-collecting procedures. We will then use 
oontrolled cortical impact (CCI) to induce TBI at mild and severe levels to determine the impact 
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of this brain injury on functional performance and to identify behavioral tests that are able to 
discriminate mild injuries. 

This protocol first outlines a plan for pilot studies to address the above-described needs using 
new equipment and procedures. This will permit the staff of the Core to gain familiarity with 
each apparatus, formalize the specific steps in handling the mice and executing the tests, and 
develop the skill sets required to obtain reliable experimental data. The Core employees, in tum, 
will have experience that allows them to instruct investigators in how to perform the Core testing 
protocols. The pilot studies serve a second purpose. Although there are literally thousands of 
published reports concerning mouse behavior testing, to establish an efficient Core facility 
requires that CNRM investigators are skilled in using the specific equipment in the Core, and 
that there exist an established data base of information about mouse performance on each 
apparatus. "Local" data derived from this protocol is critical since the tests will be performed on 
the instrumentation specific to the Core, which previous studies have shown is an important 
consideration in attempting to derive comparable data across research groups (Brown, 2007; 
Wahlsten et al, 2003). 

Many behavioral testing apparatuses measure a variety of parameters. For example, a single 
behavioral test may measure the time an animal engages in a certain response, the number of 
those responses in a testing session. how an animal's response changes over time or repeated 
trials. Basic information of these parameters can guide investigators to what measures they 
should record and what measures could be most relevant to the aspect of behavior they wish to 
model. Thus, statistical data obtained from the second,full-scale studies of this protocol can be 
utilized by investigators when they prepare their own experimental plans where consideration 
should be given to sample size and statistical power. 

Once the fall-scale studies have resulted in a full set of data on the new behavioral tests, TB! 
studies will commence to identify behaviors that are affected by TBI. Ideally, gross 
deficits/differences on each of the behavioral tests described in this protocol will result from 
severe CCL However, the greater challenge will be to identify the tests that can discriminate 
between animals with a mild CCl and uninjured mice. The results obtained from the TB! studies 
will be made avmlable to all investigators using the CNRM Pre-Clinical Studies Core. From this 
work, the Core staff will be more knowledgeable concerning the utility and limitations of each 
test, and experienced in the precise conditions of each test protocol, helping to guide 
investigators during the planning and execution of experiments. 

11.2. Literature Search for Duplication: 
11.2.1. Literature Source{s) Searched: BRD 
11.2.2. Date of Search: July 24 19, 2013 
11.2.3. Period of Search: 1998-2009 
11.2.4. Kex Words and Search Strategy: 
Mouse, behavior, brain injury and Animal, mouse, behavior, standardization, and traumatic brain 
injury and active avoidance, Morris water maze, Cliff Test, Olfactory Avoidance Test, Novel 
Object Recognition Test, Bottle Brush Test 
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11.2.5. Results of Search: 
The BRD database includes thousands of records of previous research programs. The searches 
derived a total of 14 unique hits. None of these programs pertained to establishing a mouse 
behavioral core facility or validating the use of specific behavioral tests in pre-clinical brain 
injury research, and the individual addition of the tenns "active avoidance, Morris water maze, 
Cliff Test, Olfactory Avoidance Test, Novel Object Recognition Test, or Bottle Brush Test" 
derived 0 hits. Conclusion: No related hits indicated there is no overlap with previous research 
programs in the DoD. 

11.2.6. Literature Source(s) Searched: CRISP and NIH RePORTER 
11.2.7. Date of Search: July 24, 2013 
11.2.8. Period of Search: active projects through fiscal year 2013 
11.2.9. Key Words and Search Strategy~ 
Animal, mouse, behavior, standardization, active avoidance, Morris water maze, Cliff Test, 
Olfactory Avoidance Test, Novel Object Recognition Test, Bottle Brush Test 

11.2.10. Results of Search: 
CRISP is no longer an active search engine/web site. The suggested substitution is NlH 
RePORTER, and this site was used. The keywords animal, mouse, behavior, standardization 
produced five independent hits. Two of the hits were related to development of animal behavior 
cores, but were aimed at research on substance abuse. Another hit was for support for molecular 
phenotyping of mutant mouse lines, and another for development of an animal model of pre.term 
births. Another hit was for development of a pharmacology core. Search with the terms of 
specific behavioral tests resulted in 0 hits. Finally, a search was performed with the words, "blast 
brain injury mouse," and this derived 8 hits, but none of these pertained to developing 
standardized data. Conclusion: No related hits indicated there is no overlap with previous 
research federally sponsored research programs. 

11.2.11. Literature Source(s) Searched: PubMed 
1.2.7. Date of Search: July 24, 2013 
11.2.12. Period of Search: >22 million references; 1949-2013. 
11.2.13. Key Words and Search Strategy: 

A. ("behavior, animal11(mesh] OR 11stereotyped behavior"[mesh] OR 11social 
behavior"[mesh]) AND "muridae"[mesh] AND ("animal experimentation"{ mesh] AND 
"animals, laboratory"[mesh] AND "models, animal"[mesh]) 

B. (("muridae"[mesh] AND "brain injuries"[majr] AND "behavior, animal" [majr]) AND 
("memory, episodic"[mesh] OR "memory, shorMerm11 [mesh] OR "depth 
perception"[mesh] OR "avoidance learning"( mesh] OR "circadian rhythm"[mesh] OR 
nirritable mood"[ mesh])) 

C. ("behavior, animal"[mesh] OR "stereotyped behavior"[mesh] OR "social 
behavior"[ mesh]) AND "muridae"[mesh] AND (''animal experimentation"[mesh] AND 
"animals, laboratory"[ mesh] AND ''models, animal"[ mesh]) AND (active avoidance OR 
Morris water maze OR Cliff Test OR Olfactory Avoidance Test OR Novel Object 
Recognition Test OR Bottle Brush Test) 
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11.2.14. Results of Search: 
A. PubMed was used with the keywords listed. A total of 39 hits were obtained. A search is 

each of these hits indicated four relevant publications (Bohannon, 2002; Moy et al, 2004; 
Paylor et al, 2006; Schneider et al, 2006). These articles related the importance of 
standardization of housing conditions, vendor source, and the criticality of behavioral 
testing conditions including the time in~erval between tests as important mediators of 
behavioral responses. The P.I. is also aware of the broader literature and has a 
comprehensive EndNote file system (obtained from searches over the years) of relevant 
publications. Importantly, there is an interaction between the genotype of a mouse and 
the environmental housing and testing conditions (Crabbe et al, 1999; Tucci et al, 2006), 
and consistency in housing, feeding, handling, behavioral testing procedures, testing 
sequence, and reducing overall distress are all important variables. Perhaps more relevant 
to a search are the "how-to" books, which the P.I. has extensively consulted (Buccafusco, 
2009; Chen, 2009; Crawley, 2007; Jones and Monnede, 1999). These publications 
outline many of the same caveats related to animal testing, and the need to strive for 
consistency and standardization of housing and testing conditions. Conclusion: 
Numerous publications emphasize the need for standardization of housing and testing 
conditions, and requirements for "local" establishment of procedures. 

B. Pubmed was used with the keywords listed to find literature pertaining to TBI and the 
specific behavioral tests we are proposing to use; nineteen hits were obtained. Of the 19 
hits, five of those specifically related to behavioral testing after TBI (Baratz et al, 2011; 
Schwarzbold et al, 201 O; Tweedie et al, 2007; Vonder Haar et al, 2011; Zahar et al, 
2011 ). Although these papers describe behavioral deficits after traumatic brain injury in 
mice, none use the specific tests we plan to employ. We have an extensive database of 
articles describing prior research on TBI in rodents, and have considered these sets of 
data as we have planned our future TBI experiments. 

C. Search '1C'' above that included the specific names of behavioral tests resulted in 0 hits 
for active avoidance, 7 hits for Morris water maze, but none of these references pertained 
to TBI or blast brain injury, zero hits for the Cliff Test, 0 hits for the Olfactory Avoidance 
Test, I hit for the Novel Object Recognition Test, but this reference pertained to study of 
the Fragile X syndrome mouse model and not TBI or blast brain injury, and 0 hits for the 
Bottle Brush Test. 

Ill. OBJECTIVE\HYPOTHESIS: 
The objective of this project is to provide investigators with novel behavioral tests in the CNRM 
Pre-Clinical Studies Core for use in studies on TBI and post-traumatic stress disorder (PTSD). 
We will perform pilot studies to fonnalize precise testing procedures and to acquire the 
necessary skills to consistently apply the procedures in an attempt to normalize the data
oollection procedures used across laboratories. Once standard procedures are determined, we will 
collect full-scale nonnative data from control mice on each of the new tests, and determine the 
impact of mild or severe brain injury on behavioral perfonnance on each of these tests. It is 
hYPothesized that the establishment of formal testing procedures and the acquisition of skills in 
the consistent application of procedures will enhance the reliability and validity of behavioral 
testing data generated by investigators who use the Core facility in their research. In the short 
tenn no set criteria will be established to directly evaluate this hypothesis in tenns of predicted 
quantitative outcome. However, the P.I. and staffhave experience in behavioral testing, and will 
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use the data to formalize detailed experimental protocols for test execution and assess the overall 
consistency ofresults over the course of the protocol. We further hypothesize that a relatively 
severe brain injury induced by CCI will alter performance on the majority of the tests that we 
plan to add to the Core's offerings. However, identifying functional differences after a mild 
injury is a greater challenge, and we hope and expect that these additional tests will be sensitive 
enough to provide opportunities for measurement of significant differences between mildly
injured mice and control animals. 

IV. MILITARY RELEVANCE: 
The relevance of this protocol harkens to the major stated objective of the CNRM and for 
establishing a mouse behavior testing core facility at the University: "to address the current 
needs of the medical community to better diagnose and inteivene for the prevention of the long 
tenn consequences resulting from traumatic brain injury, particularly in the context experienced 
by service members in Operation Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF)." 
According to a respected RAND Corporation report (Tanielian and Jaycox, 2008), as many as 
18.5% of the service members returning from these conflicts meet the criteria for a diagnosis of 
either PTSD or depression, and 19.5% of service members have reported experiencing a 
probable TBI during deployment. These estimates translate to approximately 320,000 cases of 
"probable TBI" and 300,000 cases of reported symptoms for depression or PTSD. Investigators 
with projects related to developing a better understanding of the biological processes and 
treatment for TBI and/or psychological trauma is necessary for the care of our service members. 
The laboratory mouse is used as an animal model for symptoms resulting from TBI and PTSD; 
many of the behavioral tests described in this protocol model symptoms reported in veterans 
such as irritability, sleep disturbances and memory loss. Basic research using this model will 
advance our knowledge of biological mechanisms of brain injury and psychological maladies 
and may lead to more effective treatments. 

V. MA TE RIALS AND METHODS: 

V.1. Exaerimental Design and General Procedures: 
General Approach: The CNRM Pre·Clinical Studies Core has eight novel behavioral tests 
(described below) it wil1 make available to CNRM researchers. In addition, one of the behavioral 
tests from prior protocols has not been fully developed (Novel Object Recognition) and we 
would like to continue development of this assay, resulting in a total of nine behavioral tests 
described in this protocol. The plan for this protocol is to employ separate groups of mice in six 
testing modules, labeled "Experiments" (see below). 
Overall experimental design. The work for establishing procedures for all behavioral testing will 
be conducted in three phases. First, pilot studies are considered an important first step to gain 
familiarity with the apparatuses, develop specific details of testing procedures, streamline 
practical matters in the sequence of testing, and for practice in data collection (Festing and 
Altman, 2002). Following completion of pilot studiesJull-scale studies will be performed to 
collect statistical data on the performance of mice on each test. Following completion of the full
scale studies, TB! studies will begin and detennine the effects of mild and severe levels of 
controlled cortical impact (CCI) on functional performance on each of the described tests. 

Separate groups of mice will be evaluated on one of the six behavioral experiments. The 
rationale for not testing an individual mouse on all nine tests is based upon findings that repeated 
testing of mice alters response patterns due to general stress, fatigue, ''testing experience," and 
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teaming (Mcllwain et al, 2001: V~ihr et al, 2005). The testing schemes have been designed to 
try and avoid exposing mice to more than one behavioral testing ' 'domain." For example, the 
Morris water maze, modified hole-board, and novel object recognition test all assess memory 
and cognitive pa-fonnance. An attempt is also made to avoid testing anim als on tests that assess 
similar neurological functions . Nevertheless, many of the tests outlined below assess overlapping 
psycho1ogical dimensions or ehallenge several neurological systems at once. Separate 
mcasorements obtaine<l by a single testing apparatus can assess distinct neurological systems 
(Wahlsten et al, 2003) and, when possible, multiple measures are recorded so that these separate 
systt:ms are evaluated. For example, the Any-Cage isolation charnhers (cf. V .1.2. Experiment 2) 
are home-cages that allow multiple measurements of mice in home-cage environments: wheel
running activity and general exploration in the cage, diwnal rhythms and ingestive behaviors 
among many others. 

Coordination of behavioral testing with CNRM investigators. In May, 2009, CNRM 
investigators assented that, when feasible, fheir mice will be assessed using the tests described in 
CNRM#2 SOP ''Pre- and Post-TBI Behavioral Assessment in Mice" (Anon., 2009). Investigators 
may wish to evaluate their t:kperimencal subjects on additional behavioral tests depending upon 
the animal model and hypotheses of their work. Core staff will coordinate behavioral testing with 
investigators in how best to validate the findings of their work with respect to additional 
behavioral testing, including how the testing best fits with the experimental treatments of their 
research. 

StX1uence of testing. Logistical constraints in testing procedures, animal distress and fatigue 
(both physical and psychological) require that each animal is employed on J-3 rests. In addition, 
when an Experiment (described below) involves more than one test the more distressful or 
aversive task is scheduled last: an attempt to reduce confounding of test results from previous 
distress. 

Strain choice. The strain choice for this protocol is the male C57Bl/6J strain 11-<6_)<4_} ___ --J 

f bl<4l I The C57BV6J mouse was selected since this strain generally performs ''average" 
on many behavioral tests (Crawley, 2008). The data set derived from the use of this strain is also 
perhaps most useful to CNRM investigatcrS. The Bl/6 mouse is an inbred strain, providing a very 
high degree of genetic homogeneity (Crabbe, 1999}and it is one of the traditional strains used for 
studies that will eventually employ this strain as the "control" or "wild IYPe" condition for a 
related mouse strain that harbors a transgcne or g~ne "knockout" (Crawley et al, 1997; Mishi.na 
and Sakimura, 2007). 

V.1.1. Experiment 1: Development of an assay for acrive and passive avoidance in nai've and 
brain·injured mice. 
Experiment I a will collect pilot and full-scale data regarding the perfonnance of39 mice (Table 
2a) on a passive and active avoidance place task (c.f. Eitperiment 1, V.4.4.6). In avoidance tests, 
an animal learns to avoid an environment in which an aversive stimulus (i.e, shock) was 

Exptrlmcnt 
Pilot 

Full-Scale 
Total 

Table la 
No. of Mice 

l S 
24 
39 

Pain CatNorv 
E 
E 

previously experienced. For individual 
cohorts of mice, the experiment will take 
place over four days. Fifteen of the mice 
will be used in pilot work to train Core 
staff in the operation of the newly

acquired equipment. Most likely, the mice for the pilot studies will be purchased in groups of 
five, allowing investigators three independent opportunities to test the equipment and 
experimental protocol. When all pilot work is completed, another 24 mice will be used in a 
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formal,full-sca/e study to collect "nonnative" data that wi11 be summarized and provided as a 
guide for expected mouse performance on the behavioral tests. 

Group 
Naive 
Sham 
Mild 

Severe 
Total 

Table 2b 
No.of Mice 

20 
20 
20 
20 
80 

Pain Category 
E 
E 
E 
E 

After completion of the full-scale study, 
TB! studies (Experiment lb) will 
commence in which performance on the 
active and passive avoidance behavioral 
tests will be compared between naive, 
sham-operated, mildly-injured and 

severely-injured (mild vs. severe determined by depth of impact) mice. Twenty mice will be 
included in each surgical group (Table 2b), and behavioral testing will begin seven days after 
sham or TBI surgery. Because foot-shock is a necessary component of the avoidance training 
trials, for pain/distress (Section V.4.1.1. APHIS Fonn 7023 Information), al1 mice in Experiment 
1 are in Category E. 

V.1.2. Experiment 2: Evaluation of 24-hour home cage phenotypic behaviors and circadian 
rhythms. 
The goal of Exps;riment 2 is to evaluate 24 hour activity of mice. The apparatus (Any-Maze Cage 
(AMc; Stoelting CO, Wood Dale, IL) is a home cage encased within an isolation chamber that 

Table3a 
Experiment No.of Mice 

Pilot 16 
Full-Scale 24 

Total 40 

Pain Catee:ory 
c 
c 

limits external influences from the housing 
facilities and other animal activities and odors. 
Mice will remain in the isolated home cages for 
up to four weeks (c.f. Experiment 2, V.4.4.6). The 
chamber is equipped with an infrared sensitive 

light and LEDs that provide continuous tracking of the animal via a built-in camera linked to 
Any-Maze tracking software. The chambers collect continuous data related to behaviors, 
including but not limited to, movements and spontaneous activity, wheel-running activity, 
diurnal activities, rearing behaviors, and food and water consumption. Monitoring activity cycles 
in rodents is a challenge. Rodents are highly responsive to environmental cues. In the AMc 
system, the isolation reduces disturbances from lights and sounds generated by human activities 
in the animal facility and it reduces access to the smells and movement of neighboring animals in 
adjacent home cages. The chambers, then, may reduce variability in behavioral responses from 
fluctuations in external activities in the animal facility, while allowing investigators and 
technicians to enter the room to monitor temperature and humidity and to ensure the chambers 
are operating properly. The Core is in the process of obtaining eight of these cages and will 
utilize the system twice for pilot studies (thus, a need for 16 mice for the pilot studies). Twenty
four additional mice will be used in a formal study for the acquisition of "normative" data that 
will be summarized and provided as a guide for expected mouse performance (wheel running. 
amount of food and water consumption, inactivity, etc.; Table 3a). For pain/distress (Section 
V.4.1.1. APHIS Form 7023 Information), the 40 mice are in Category C. 

After completion of the full-study (nmmative data collection), TB/ studies will begin to 
determine the effects of cortical brain injury on home cage activities including locomotion, 
rearing, eating and drinking. and diurnal rhythms. Twenty mice will be included in each surgical 
group (Table 3b); mice will be housed in the AMc beginning immediately after surgery and will 
remain in the cages for up to four weeks. For pain/distress (Section V.4. L 1. APHlS Form 7023 
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I 

Group 
Naive 
Sham 

Mild 
Severe 
Total 

Table Jb 
No. of Mice 

20 
20 
20 
zo 
80 

Pain CatHory 
c 
D 
D 
D 

Information), naive mice (n::::20) utilized 
in Elllperimcnl I b nre in Category C; the 
remaining 60 mice are in Category D. 

V.1.3. Experiment 3: Assessment of S'{J(lliaf leami;1g arid mtmory and visual iiCuity in mice. 
In ~gerimeot 3 (c. f. Experiment 3, V4.4.6), we will use a modified and extended version of the 
Morris water maze (MWM) to evaluate learning and memory in mice. This procedure has been 
demonstrated to be effective in detecting cognitive differences in mice with mild TBI (Zhao et 
al, 2012). Finally, two or more days after completion of the MWM, a final vision assessment will 
be performed with the visual clijJ test, which provides a simple and gross measure of visual 
abilities by evaluating the animal's ability to detect a false drop.off at the edge of a surface. We 
are combining the MWM and visual cliff test into one experiment as the visual d i ff tests is 
relatively simple and can be performed in combination with the MWM test without affecting 
results. Additionally, tests of visual acuity are often performed after the MWM test to ensure that 
any deficits -0n the test can be attributed to irue learning and memory deficits rather than to a loss 
of visual acuity as a result of experimental manipulations or genetic modifications. 

As the blfd~f pparatus and t:estiog p_ro_.c_edures for the MWM have been perfected under prior 
protocol 0 I and the visual cliff test is relatively simple and does 

Tablc 4 
E"neriment No. of Mice 

Pilot 15 
Naive 20 
Sham 20 

Mild CCI 20 
Severe CCI 20 

TolAI 95 

Palu Cat-or" 
c 
c 
D 
D 
D 

not require specializtd equipment, we have rooueoo 
the nwnber of animals requested for pilot testing in 
this experiment. A total of 95 mice are requested for 
both normative data colle,1ion and TBI stuuies 
(Table 4). Fiftet:n of the mice will be used in pilot 
work and we believe that these data in combination 
with subsequent data from control animals in the 
TBI srudies can be combined and used as 

"normative" data that will be summarized and provided as a guide for cx.pectcd mouse 
perfom1ance in these behavioral tests. The 15 pilot animals will be tested first, after which TBI 
studies wm take pla~e. For paififdistress (Section V.4.1.1 . APHIS Fonn 7023 lnformation), the 
35 mice in the pilot and naive categories were deemed as appropriate for Category C; the 
remaining mice (n=60) are in Category D. 

V .1.4. Experiment 4: Mouse performance on a worlang memory MWM task and olfactory
avoidance test. 
Mice will be used to assess group perfonnance on a modified version of the MWM designed to 
evaluatt: short-term (working) memory. This version of the test requires only two trials per day 
with a short inter-trial interval and tests the ability of a mouse to use infonnation gained in the 
first "sample" trial to locate the platfonn in the second trial . ln addition, prior to MWM testing, 
basic olfactory function will be assessed with an olfactory avoidance test in which the average 
distance from a piece of filter paper infused with an aversive odor is measured (c.f. Experiment 
4. V.4.4.6 for details of both testing procedures). As basic testing procedures were acquired 
successfully under prior protocols, pilot testing will be limited to 15 mice and the data from 
those animals will be combined with the results from control animals in subsequent TBI srudies 
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and used as a nonnative data s:et. Eighty mice are requested for the TBI snidies (Table S), which 
will begin once the pilot studies arc completed successfully. 

Tablt 5 
E11>eriment 

Pilo1 
Naive 
Sham 
Mild 

No. of Mice 
15 
20 
20 
20 

Pain Catei?on 
c 
c 
D 
D 

For pain/distress (Sect ion V.4.1.1. APHIS Foun 
7023 Information), the 35 mice in the pi1ot and naive 
categories were deemed as appropriate for Category 
C; the remaining mice (n=60) are in Category D. 

Sevtre 20 D 
Total 95 

V.1.5. Experiment 5: Exploration, anxiety and spalial memory in a modified hole-board 
e11viro11men t. 
The goal of Experiment 5 is to evaluate multiple dimensions of mouse behavior in a modified 
hole-board test (c.f. Experiment S, V.4.4.6). Under prior protocols._1(6_)(_6) ________ _. 
we colleeted baseline data and evaluated the effects of TBI on simple exploratory behavior in the 
hole-board. Jn the current protocol we propose to elaborate on the experimental design to allow 
measurement of exploration, anxiety and spatial memory all in a single test. We will collect pilot 
datn and subsequently conduct TBI studies (Table 6); the results from the pilot experiment and 
control animals in the TBI studies will be combined to create a normative data set. The mice are 
habituated to the hole-board environment for two consecutive days, and each of the 16 holes in 
the appararus is baited with a small piece (- .03g) of almond to encourage hole~exploration . On 

Experi~nt 

Pilot 
Naive 
Sham 

Mild CCI 
Severe CCI 

Total 

Table 6 
No. of Mice 

15 
20 
20 
20 
20 
95 

Pain Catttory 
c 
c 
D 
D 
D 

Days 3-6, four of the holes are baited with almond 
and the mice must use Sl)BJial cues to learn the 
pattern of distribution of the food rewards. The 
number of hole pokes and di stance traveled in fhe 
habituation trials provide measures of exploration; 
risk-assessment (visits to center holes, stretch
atte-iluated postures) assess anxiety-levels, and the 
latency to acquire food reward during the training 

trials measure spatial learning and memory. For four days prior and for the duration of the 
experiment, mice will be fed a restricted diet such that body weights are reduced to 
approximately 85% of free-feeding weight. 

For pain/distress (Section V.4.1.1. AP HIS Form 7023 Information), the 3 5 mice in the pilot and 
naive categories were deemed as appropriate for Category C; the remaining mice (n=60) ate in 
Category D. 

V.1.6. Experiment 6: Evaluation of episodic learning and memory with the Novel Object 
Recognition test. 
The goal ofEx~ment 6 is to evaluate a mouse's ability to remember objects they previously 

Exoulment 
Pilot 

Full-Sc!Llc 
Tot.al 

T1ble 7a 
Ne.of Mice 

15 
24 
39 

Pain cate1?0rv 
c 
c 

had explored . This memory test has the benefit of 
not requiring extensive training trials and the ability 
to be completed in thtee short crials over two days. 
The mouse is placed in the test arena on the first day 
for 10 minutes to acclimate to the testing 

environment. On the second day, two identical objects are placed in the arena and Any-Maze 
tracking software records the amount of time the mouse spends exploring the two objects. 
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During the second trial, four hours later, one of the objects is replaced with a new object and the 
animal is returned to the arena. Tracking software records the amount of time the animal spends 

Group 
Naive 
Sham 

Mild CCI 
Severe CCI 

Table 7b 
No. of Mice 

20 
20 
20 
20 

Pa:ft 

c 
D 
D 
D 

exploring the "new" object vs the "old" 
object. As we had difficulty fine-tuning the 
precise testing conditions under prior 
protocol APG-10-754, we have simplified 
the testing procedure and propose 
complete pilot (n=l 5) and full-scale 

Total 80 (n=24) experiments (Table 7a) to perfect 
this assay. After successful completion of the full-scale studies, TBI studies (Table 7b) will 
begin in which the effects of brain injury on episodic memory will be evaluated. 

After completion of the Novel Object Recognition test, mice will be individually housed for five 
days to assess irritability using the "bottle brush test" (c.[ V.4.4.6, Experiment 6) (Riittinen et al, 
1986). 

For pain/distress (Section V.4.1. l. APHIS Form 7023 Information), the 39 mice in the pilot and 
full-scale studies of Experiment 6a (n==39) are in Category C; naive mice of Experiment 6b 
(n=20) are also in Category C and the remaining surgical animals (n=60) are in Category D. The 
"bottle brush" test has been categorized as Category "C," since the distress is momentary and the 
mouse does not sustain any physical harm or long-lasting damage (Anon., 2012). 

V.2. Data Analysis: 
To estimate the number of animals needed, the scheme outlined by Wahlsten was used 

(Wahlsten, 1999). Wahlsten suggests that effect size, B, between two experimental groups for 
mouse experiments can be generally classified as small, moderate, or large. with o values of 0.5, 
0.75, and I, respectively, where li = (.ui-i.iz>, For an estimation of the number of mice for thefull-

u 
scale studfos, it is assumed that a 30% difference between the average behavioral scores for two 
groups could represent a moderate effect. The fonnula above was transfonned to a= c.u,~i.iz> to 
compute an estimate of the expected standard deviation of the residuals ( cr) when there is a 30% 
change in behavioral score (e.g., µ1 =100, µ2 ::: 130) and an expected "moderate effect" (& = 
0.75). This suggests cr::::: 40 as an estimate of the standard deviation of the residuals. 

The SigmaStat computer program, Determination of Computing Power and Sample Size was 
then used to estimate the number of animals needed for the full-scale experiments. This program 
calculates the minimum number of data units (mice) per group that is needed to achieve a certain 
level of power (sensitivity) of a statistical test based upon certain probabi1ity estimates. To 
achieve a power::::: 0.80, in this case using µ 1 == 100, µ2 = 130, and a ::::: 40, about 28 mice/group 
would be required. Since this is an estimate, we propose that for the full-scale studies outlined in 
Experiments 1-5, 24 mice may be sufficient and more convenient for the progression of testing 
procedures in the Core. For many of the tests, 8 mice can be tested simultaneously, allowing all 
24 mice to be tested in three rounds of testing. In this case, if the same assumptions hold (o ~ 40 
with n=24 animals, o = 0.84), and there would be a possible 33% difference between groups 
compared to 30%. 

From previous experiences a sample size of20-24 mice/full-scale experiment appears more 
than ample for behavioral testing and for what is usually reported in publications of mouse 
behavior testing (number of subjects per group is usually in the mid-teens). However, this 
estimate is justifiable since the statistical data obtained from this work will be used by multiple 
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groups as a "standard" of comparison. and the resulting data is vita] in seeking to strive for 
comparability across data obtained by many research teams. In addition, larger sample sizes have 
been used by previous groups attempting to initially validate their testing procedures. Rogers and 
colleagues (Rogers et al, 1997), for instance, used 37~89 mice/group to validate the "SHIRPA 
protocol" in one study, and two cohorts of 10 mice/group for further validation and statistical 
reporting (Rogers eJ al, l 999). LikC\\ise, this estimate appears to be 1n line with suggestions by 
internationally recognized experts. For example, Crawley suggests that "N = 20 mice or more per 
genotype are often needed to complete the first set of behavioral tests in a new line of mutant 
mice" (Crawley, 2007). Finally, it is likely that some of the mice will be "uncooperative" 
(Wahlsten et al, 2003). Data from these animals may be eliminated from the statistical 
calculations- though the percentage of "non-responders" on specific tests will be recorded and 
reported-since extreme scores can alter sununary descriptions of the response pattern. A larger 
sample size will allow us to better estimate the percentage of "non-responders" on each behavior 
measure, and maintain adequate sample sizes for statistical estimation should the percentage be 
high on some measures. 

Statistical Analyses: The SigmaStat 2.03 (SPSS) statistical analysis program will be used to 
compute the arithmetic mean and standard deviation of mouse behavior on each test. In addition, 
a repeated measures single-factor analysis of variance (ANO VA) will be used to assess whether 
or not perfo nnance on each test is the same when comparisons are made of repeated testing 
results. If the data suggests there is variation between the testing of each cohort of mice, a nested 
ANOVA can be used to assess whether or not there are differences between testing events on 
repeated tests. finally, to assess some degree of the relationship of performance on tests within 
an experiment.. correlation coefficients will be computed for each animal ' s score on each 
subtask. 

V.3. Laboratorx Animals Raguirad and Justification: 

V .3 .1. Non-animal Alternatives Conalde red: 
The need to employ animals for this research is required in order to assess in vfvo behavioral 
perfonnance. These data will provide a means for relating behavioral responses to central 
nervous system function in vivo. Non-animal alternatives do not replicate the three dimensional 
structure or temporal changes that occur as a function of complex behavioral responses to tasks 
presented to a live animal. Further, computer modeling and In vitro methods will not address 
e!lperimental questions of the complex, real-time changes and responses that occur during 
experience. 

V.3.2. Animal Model and Species Justification: 
By consensus of members of the CNRM, male CS7Bl/6J mice ~Stock: 0001564) 
have been chosen as a suitable species and animal model for th~on. , 2009). This is 
based upon the previous use of this strain in innumerable studies and their suitability as 
biomedical models for understanding central nervous system functions in normal and 
pathological states in humans and in other animals. The mouse is used for these studies because 
of their well-understood anatomy and endocrine responses, and the very extensive database of 
prior physiological research that can be integrated with this new information. It is necessary to 
use mice instead of a more-derived species since the research results should be directly 
associated with intense efforts in other laboratories throughout the world to try and further our 
understanding and eventual treatment effectiveness for psychological stress and brain inj ury. 
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Mice are a commonly used small animal model for the study of neurobiological genetics 
research. including the impact of physical injury and envirorunental stress upon neuron 
connectivity, experiential effects on synaptic plasticity, signal transduction, and for assessing 
treatments to reduce neurological damage and improve quality Of life. In transgenic and gene 
knockout models in neuroscience and behavioral research , '"wildtype" C57Bl/6 mice often serve 
as the genetic ubackground" or COilttol for comparison of genetic and genetic/environmental 
effects (Crabbe, 1999; Crawley et al, 1997; Mishina et al, 2007). The employment of only male 
mice is to minimize the experimental design variation by eliminating the honnone cycling effects 
of female mice. 

V.3.3. Laboratory Animals 

S~cies#1 
V.3.3.1. Genus & SQ!cies: .lvfus muscul'Us 

Species #2 

V.3.3.2. StralnfStock: C57Bl/6 

V.3.3.3. SourceNendor: fb)(4) 

V.3.3.4. Age: 5-12 weeks 

V.3.3.5. Weight: 18~25 grams 

V.3.3.6. §!!: Maks 

V.3.3.7. Seecial Considerations: None 

V.3.4. Number of Animals Required (by Species): Mice: 643 

V.3.5. Refinement, Reduction, Replacement (3 Rs): 

V.3.5, 1. Refinement: 

Two refinernents will be petforrrted or tested in our proto~I. 1. Mice will be acclimated to 
investigator handling before the commencement of behavioral testing, to relieve distress from the 
potential combination of handling distress and the testing procedures,?. Pilot studies will be 
employed to enhance the "quality" of the data acquired in the foll-scale and TBI studies. 
The pilot studies serve as an opportunity to train lab personnel to gain skills in consistency of animal 
handling. The pilot studies permit "refinement" of the particular parameters of testing procedures 
and the use of the testing equipment. Finally, 3. Analgesies and anesthetics will be used to decrease 
possible pain and distress resulting from surgery. 

We are using a rodent model (mouse) versus a nonhuman primate model. The mouse model is tile 
least sentient and smallest animal model we could use for this study and stiU obtain acceptable 
results. In addition, we are attempting to perform a series of measurements of mouse behavior that 
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requires making assurances that there is sufficient number of animals to derive valid measures of 
statistical data. 

V.3.5.2. Reduction: 
Power calculations have been performed to detennine the minimum number of animals needed 
to reach statistical significance. When possible, mice will be tested in multiple assays 
(Experiments 3 and 6) and the mice from pilot and full-scale studies will be available for use on 
other protocols after study completion. Data derived from this protocol will be available to other 
investigators, allowing them to make better estimates of the minimal number of animals required 
for their experiments. 

V.3.5.3, Replacement: 
Biological response to central nervous system injury, psychological stress, and experimental 
treatments is highly complex; no alternative to in vivo experimentation is available or practical. 

V.4. Technical Methods: 

V .4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 
V.4.1.1.1.3. Column E: 

Species #1 

224 

300 

119* 

*These animals are used in Experiment 1. 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/Analgesia/Tranguilization: 

SQ!cies #2 

TBI and sham procedures: Mice undergoing CCI or sham procedures will be anesthetized 
with isoflurane + 100% oxygen (0.5-4% isoflurane, induction; 0.5-3% isoflurane, maintenance). 
Isoflurane will be delivered using a precision vaporizer via a rodent anesthesia machine. 
Induction will occur in an appropriately-sized clear viewing chamber. Following induction, 
rodents will be moved to the stereotaxic device and anesthesia will be maintained via a nose 
cone. Waste anesthetic gases will be passively scavenged using a charcoa1 filter. Lack of paw
pinch reflex will be used to ensure adequate depth of anesthesia prior to beginning the procedure. 
Close attention will be given to ensure the mice remain unconscious and are unresponsive to pain 
and, if needed, supplemental administration of anesthetic will be given. 
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V .4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: 
Mice are will be returned to the animal facility after behavioral testing. They will be monitored in 
their cages for complications, such as lethargy, reluctance to ambulate, inability to obtain feed, and 
seizures. It is expected that complications will not be encountered. Any mouse that experiences 
proble~s will be evaluated and treated or euthanized as detennined by research staff or PI and 
Veterinarian. 

V.4.1.2.3. Paralytics: N.A. 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: PubMed 
V .4.1.3.2. Date of Search; June 20, 2013 
V.4.1.3.3. Period of Search: 1986-2013. 
V.4.1.3.4. Key Words of Search: Keywords: ("Models, Theoretical"[Mesh] OR 11 ln 
Vitro"[Publication Type] OR "cell line"[mh] OR "Cells, Cultured"[mh] OR "virtual cell"[All] 
OR "Computer Simulation"[Mesh] OR "Cadaver"[mh] OR "ex vivo"[All]) AND ("Laboratory 
Animal Science"[mh] OR "Animal Rights 11[All] OR ''Animal Care Committees"[ All] OR 
"Animal Use Alternatives"[mh) OR "Animal Testing Altemativesu[mh] OR "Animal 
Welfare"(mh] OR "Animal Experimentation"[mh]) AND ("reduction"[All] AND 
"refinement1'[All] AND "replacement"[ All]) OR "3 Rs"[All] OR "Stress, Psychological"[mh] OR 
("Pain"[mh] AND ("Analgesics"[mh] OR HAnalgesia 41[mh] OR "Anesthesia and 
Analgesia"[mh])) AND ("Brain lnjuries"[mh] OR "Euthanasia, Animal"[mh]) AND ("Mice"[mh] 
OR "Rodentia"[mh]} 

V.4.1.3.5. Results of Search: A total of 19 references were identified with this search. None 
of the results were relevant to alternative methods for biomedical studies in mouse core facilities 
or alternatives to behavioral testing. 

V.4.1.3.6. Sources Searched: Agricola 
V.4.1.3.7. Date of Search: June 20, 2013 
V.4.1.3.8. Period of Search: No date limits. 
V.4.1.3.9. Key Words of Search: mouse AND behavior AND injury 
V .4.1.3.10. Results of Search: Two references were returned by this search. One study 
used cultured neurons to investigate inhibition of fungus-produced toxins (Merrill et al, 1993) 
and the other reported gene expression patterns during early myogenesis in mice (Shoji et al, 
2009). Neither paper provides alternatives to animal models of traumatic brain injury or in vivo 
behavioral testing. 

V.4.1.3.11. Sources Searched: ALTWEB; CAAT (Johns Hopkins Center for 
Alternative for Animal Testing); A WIC 
V.4.1.3.12. Date of Search: June 20, 2013 
V.4.1.3.13. Period of Search: No date limits. 
V.4.1.3.14. Key Words of Search: Mouse/murine, behavior, injury, standardization 
V.4.1.3.15. Results of Search: AWIC returned 90 references from the query listed. All 
references related to appropriate care, treatment, reduction of pain and euthanasia in laboratory 
animals. 
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V.4.1.4. Unollevlatad Palnful or Distressful Procedure Justiflcatlon: We request 
that some animals (cf. V.4.1. 1.1.3) be utilized for experiences considered Category E. Category 
E mice will be used in testing paradigms that inherently involve some discomfort/distress as a 
means of "motivating" the animal to respond. We wish to test the mice without treatment with 
sedatives or analgesics. With the exception of administration of brief and mild shock during the 
active and passive avoidance tasks (V.1.1 E;llperimeot t ), none of these behavioral tests involve 
pain or a.ny physical injury; thus an analgesic is contraindicated. While some tests evoke mild 
distress, treatment with a sedative would significantly alter their level of "motivation" and 
change their responses to the task. 

V.4.2. Prolonged Restraint: N.A. 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: 
Mice will bt individually inspected and weighed before all procedures to assure they are in good 
health for the procedures. 

V.4.3.2. Procedure: 
All surgical procedures will be performed as described in CRNM SOP# l and mice will be 
selected at random for individual procedures. All mice will first be anesthetized as described in 
Section V.4.1 . .2 .1. All TB! or sham procedures are conducted in a designated area of the CNRM 
core faciliti es (Roonf6>16) Ion a clean table surface that is covered with clean absorbent cloth. 
The table will be disinfected before and after animal surgeries. 

CCI or sham surgery: Two groups of mice will receive a TBI of differing severity level by 
controlled corfo:al imp~t. The mice will be weighed, head hair clipped, and mounted in a 
stereotaxic frame in a prone position, secured using atraumatic ear bars and an incisor bar. The 
mouse calvarium wilt be held in the horizontal plane with respect to the interaural line. To assess 
anesthetic depth during surgery, the corneal reflex will be evaluated by lightly touching the 
cornea with a cotton swab to elicit an eye blink. The assessment of the paw and ear pinch 
reflexes consists of the gradual e.pplication of pressure on the hind paw or ear. Lack of eye blink 
or paw or ear withdrawal is an indication of deep anesthesia. Disposable sterile surgery gloves 
will be worn by investigators during the surgery. Surgery utensils will be autoclaved before use 
and cleaned with 70% ethanol after each animal's surgery and a draping will be used around the 
surgical area. After aseptic treatment with 3 cycles of povidone-Iodine solution alternative with 
alcohol, an incision and a 6mm (diameter) craniotomy will be made over the left cortex. The 
bone flap will be removed, and for the two groups of mice undergoing CCI, injury will be 
produced with the CC I device (Clark et al, 1997; Di}(on and Kline, 2009), using an impact tip of 
J .O mm in diameter, a penetration depth of2.0 mm (severe CCI group) or 1.0 mm {mild CCI 
group) and a velocity of 5 mJs as insult parameters to the dural surface. The location of the injury 
will be in the parietal region of the brain (.2.5 mm posterior to Bregyna, 1.5 mm lateral) . 
Following CCI, the scalp incision is sutured. The CCI impactor will be disinfected by 70% 
ethanol after each use. Surgical instruments will be rinsed in saline and alcohol and disinfected 
for 10 seconds in a hot-bead sterilizer. Animals will be returned to their home cages following 
surgery and monitored until they regain consciousness. Mice undergoing sham surgery will 
receive all procedures described here except the impact with the CCI device. 
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V.4.3.3. Post-surgical Provisions: 
Mice will be monitored at least once per day following TBI or sham procedures. Animals are not 
expected to experience pain or discomfort from TBI, but if needed will be provided with 
acetaminophen (Tylenol) in their drinking water ( 1 mg/ml; - 200 mg/kg b. w .} as an anti~ 
inflammatory precaution. Animals will be observed again one hour after home cage placement to 
ensure there are no signs of discomfort. If needed, the DLAM veterinarian will be consulted 
should there be signs of continued discomfort or distress. 

V .4.3,4. Location: Housing in DLAM l(b)(6) I Any-Maze Cage ho~us:::.:·i:,::n.!2!:./=6)=(6)-....1..l ~Surge~~ry 
and behavioral testing iI1 the CNRM Pre-Clinical Studies Core facilities'-llb_)(6_J _____ __,I 

V.4.3.5. Surgeon: ... llb-)(-6) _____________ __. 

V.4.3.6. Multiple Major Survival Operative Procedure~: 
V.4.3.8.1. Procedures: N/A 
V.4.3.6.2. Scientific Justification: NJ A 

V.4.4. Animal Manipulations: 
V .4.4.1. lnlectio ns: NI AV .4.4.2. Biosamples: 
Following behavioral testing, the animals will be euthanized and mice used in pilot and full-scale 
behavioral experiments and made available for tissue sharing by investigators in the CNRM (an 
e-mail announcing tissue availability will be sent to CNRM Pis), or the live animals will be 
ttansferred to the Depmtment of Laboratmy Medicine (DLAM). DLAM will use the animals 
either for training purposes or as 'sentinels' as appropriate. In cases where animals are 
euthanized by individuals on this protocol, the tissues will be used for validating and/or 
aC'{uisition of training and data for a variety of assays. For example, for western blotting 
biosarnples the mouse brain from animals will be removed from the calvarium to obtain samples 
of the cerebral cortex (fronto-occipital region and entorhinal region), hii;pocampus, 
diencephalon, and brain stem. Samples are stored in liquid nitrogen before preparation for 
western blotting. Other mice may be used for transcardial perfusion for immunohistochemistry 
biosamples. Jn this casej the miGc will be: anesthetized as d~cribed in Section V .4.1.2.1. Once 
the mice are deeply anesthetized and unresponsive to paw pinch, a midlinc thoracotomy (or 
abdominal incision) is made to expose the heart, a 20·22 ga:ug~ blunt tip needle connected to a 
tube(~ in ID and 1/16 in wall) inserted into the left ventricle through the apex and the right 
atrium incised. Afler an initial washout with 20-30 ml of cold 100 mM phosphate buffered saline 
(PBS)1 transcardial perfusion with 50-75 ml cold 4% parafonnaldehyde in PBS will be delivered 
through a gravity perfusion system until adequate perfusion reached. Tbe brain will then be 
removed from the catvarium and post-fixed before tissue sectioning for immunohistochemical 
staining. 
V .4.4.3. Adluvants: NI A 
V.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 
V.4.4.5. Animal Identification: 
All animals will be identified with cage cards. Within cages, tail mari:s with permanent marker 
and/or ear punches (performed during surgery while animals arc under anesthesia) will be used 
to identify individual mice. 

V.4.4.6. Behavioral Studies: 
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Experiment 1: Development of an assay for active and passive avoidance in naive and 
brain-injured mice. A commercial place-avoidance system (Bio-Signal Group, Brooklyn, NY) 
will be used to collect and analyze data from nai've and brain-injured mice. The apparatus 
consists of a ~50cm (diameter) metal disk with 40 cm high transparent walls that allows the mice 
to view distal room cues; the apparatus and testing room will remain unchanged throughout the 
testing protocol. The procedure will be conducted as previously described (Abdel Baki et al, 
2009), and testing will take place in four phases over four days: 

Phase l (habituationlo[!en field): No less than three days after CCI or sham surgery, the mice 
will be habituated to the testing environment in a single ten-minute open field test in which the 
animals are free to explore the entire arena. The data from this phase of the experiment will be 
analyzed to assess exploratory and anxiety-like behaviors in a circular open field environment. 

Phase 2 (nassive avoidance; PA): Phase 2 takes place 24 hours after habituation. Each mouse 
will receive four l 0-min PA training trials in a single day, with a I 0-12 min inter~trial interval 
(ITI). During these trials, a 60° region of the circular arena is electrified by a grid underneath the 
floor, and the mouse receives a single .3 mA, 500 ms shock each time the electrified region is 
entered. Additional shocks are administered every 1.Ss until the animal leaves the shock zone. 
Olfactory cues (urine and feces deposited on the arena floor) and visual cues around the room are 
used by mice in this phase to learn place avoidance and stop entering the shock-region of the 
apparatus. An overhead camera and video-tracking system are used to track movements of the 
mouse and calculate the distance traveled and number of shock zone entrances. 

Phase 3 {active avoidance; AA): The day after PA trials, each mouse undergoes six 10-min AA 
trials with a l 0-12 min ITI. During these trials, the same 60° shock region of the arena is 
stationary while the arena rotates. In these trials, although the electrified region of the arena 
remains in the same spatial location, the arena rotates and the mouse must keep moving to avoid 
being shocked. In these trials, only visual room cues can be used by the animal to locate the 
electrified area as the olfactory cues rotate with the arena. Movements of the mouse are tracked 
and multiple measures are calculated: the latency to first entrance of the shock zone measures 
memory of the zone location between trials, number of shocks administered assays the 
motivation to escape shock; distance traveled, average speed and linearity of movement (average 
each 2s of the ratio dist(linear)/dist(integrated) provide measures of motor function. 

Phase 4: (AA: conflict learning (CL}: [n the CL trials, the shock zone location is shifted 180° 
from the original location for six. 10-min trials ( 10-12 min ITI). These trials test proactive 
interference, or whether the avoidance memory obtained in Phase 3 AA trials conflict with 
avoidance memory currently being learned in Phase 4. Measures calculated from the camera
tracked movements of the mouse include the distance traveled and the number of entrances into 
the shock zone. 

Experiment 2: Evaluation of 24-hour home cage phenotypic behaviors and circadian 
rhythms. 
Twenty-four hour activity will be evaluated in the Stoelting Company's new mouse Any-Maze 
Cages (AMc). The AMc is a wooden box. measuring 15"H x 20"W x13"D that houses a single 
mouse and acts as an isolation chamber. It contains food and water, as well as a running wheel, 
and has the capability to monitor the amount of food and water intake 24 hours a day. In 
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addition, the chamber has a built-in infra-red-sensitive camera and infra-red and ambient light 
LEDs. Software controls the light period {ambient light LEDs ON) and dark period {infra-red 
light LEDs ON/ambient light LEDs OFF). Using Any-Maze software, the camera records the 
animal's movements and circadian activities "2417." The chambers are also furnished with a 
ventilation fan and a temperature sensor. The latter allows the temperature to remain constant 
and stable within the chamber. 

Following a five-day habituation period after arrival, or immediately after CCI or sham surgery, 
individual mice will be placed in the AMc system to monitor 24-hour activity and food/water 
intake for up to four weeks after surgery. The plan would be to open the chamber doors once per 
day to visually inspect the cage and animal and provide fresh food and water, if needed. 

Experiment 3: Assessment of spatial learnin& and memory and visual acuill'. in mice. 
Spatial learning and memory will be initially assessed in the Morris Water Maze (MWM) using 
the procedure described for prior CNRM studies (Budinich et al, 2013; Yu et al, 2012). A 
Stoel ting Morris water maze (diameter 4.0 m) tank is filled with tap water (25°C) to a depth of 
20-30 cm. A clear plastic platfonn is placed in one of the "quadrants" of the tank floor and visual 
cues (solid geometric shapes) are placed on the room walls in locations that can be viewed by 
animals in the pool. On day 1 (no less than seven days after CCI or sham surgery), a single pre
training trial is first used where the mouse is gently placed on the platform in the tank and the 
mouse remains there for 15 seconds. If the mouse jumps into the water during this time, it is 
allowed a brief swim ( < 60 s) before being guided back to the platform. On day 2, training trials 
begin where the mouse is placed near the side of the tank in a location away from the platform, 
and is allotted 90 seconds to swim to the platform. Upon finding the platform the mouse remains 
on the p latfonn for 15 seconds. If the mouse does not reach the platfonn in the allotted 90 
seconds, they are gently guided to the platform and allowed to remain for 15 seconds. A total of 
four trials, separated by 1-2 min, are performed each day. Swimming movements of the mouse 
are tracked, and swim speed, distance before reaching the platfonn and latency to find the 
platform are calculated by Any~Maze software. Finally, on the fourth day of training {Day 5) 
approximately one hour after the final training trial, a single trial is perfonned with the platform 
removed from the tank. The time spent in the pool quadrant where the platform was located is 
measured, compared to time spent in the other three quadrants. After all trials, mice are placed in 
a clean cage underneath a heating lamp until thoroughly dried (approximately five minutes) to 
maintain thermoregulation. 

Beginning the next day, reversal training trials will take place in which the location of the 
hidden platform is moved to the opposite side of the tank (Zhao et al, 2012). The pre-training 
phase is omitted, and each mouse receives four 90-sec trials for four days. A second probe trial 
will take place approximately one hour after the final reversal training trial. Finally, immediately 
after the reversal probe trial, a single visible platfonn trial will be conducted. A pipette with a 
very visible "flag" will be secured to the platform. The latency of the mouse to navigate to the 
cued platform is recorded (maximum of90 sec). 

No less than two days later, a final vision test will be perfonned with the visual cliff test (VC) as 
described previously (Salinger et al, 2003). The VC evaluates the ability of a mouse to see a 
supposed drop-off on the edge of a horizontal surface. A plexiglas box with a horizontal surface 
connects to a vertical drop (- .5 m), connected to a second horizontal plane at a lower level. The 
horizontal surfaces and vertical drop are covered with brightly patterned adhesive to accentuate 
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the drop-off. A piece of Plexiglas extends from the higher horizontal plane, extending across the 
drop-off and providing a solid horizontal surface. The mouse is placed close to the edge of the 
upper horizontal surface and the movements of the mouse are tracked by Any-Maze software. A 
mouse that "sees" the drop-off will retreat and move away from the false edge; a mouse with 
reduced visual abilities may move across the "cliff' without pausing (Crawley, 2007). C57BL/6 
mice with eyesight intact will show 80-90% safe responses, meaning they step back toward the 
higher horizontal surface (Fox, 1965). 

As this test is often confounded by other sensory abilities (Crawley, 2007), a blind animal may 
rely successfully on non-visual senses including tactile feedback from the whiskers. We are 
requesting that we be allowed to shave off the whiskers prior to this test. As this is the last test 
performed in this experiment, animals will be euthanized within 24-hr after whisker-removal. 

Experiment 4: Mouse performance on a working memory MWM task and olfactory
avoidance test. 

Mice typically show avoidance behaviors toward spoiled smells including aliphatic acids (Hebb 
et al, 2002). The olfactory-avoidance test assesses the ability to detect an aversive scent (Siopi et 
al, 2012) and is performed in a clean open fie1d arena (40 cm x 40 cm) no less than three days 
after sham or CCI surgery. The mouse is first habituated in the test environment for l 0 min, after 
which two pieces of filter paper (each 5 cm x 5 cm), one sprayed with water and the other with 
acetic acid (a short aliphatic acid) diluted to 5% are introduced in successive 3-min trials with 
one minute between each trial. Movements of the mouse during the trials are tracked by an 
overhead camera linked to Any-Maze software, and the software calculates the average distance 
of the mouse from the filter paper. Additional scoring performed by an investigator blinded to 
the surgical condition of the mouse may include the nwnber of investigations of the water- and 
acid- soaked papers and the comparative amount of time each mouse spends investigating each 
piece of filter paper. The arenas will be thoroughly cleaned with 70% ethanol and dried after 
each use to remove all olfactory cues. 

No less than three days later, the same mice will be tested in a modified version of the MWM 
designed to test short-term (or working) memory {Steele and Morris, 1999). The water tank and 
basic procedure used is the same as Experiment 3, but the platform is moved to a new location 
each training day, creating what is called 'delayed matching to place.' In this modified procedure 
the animal cannot know the location of the platform on the first trial of each day, but once this 
information is gained, the information is 4stored' for subsequent trials on that day. Each mouse 
will receive four trials per day, and acquisition is expected to take 8-10 days. The inter-trial 
interval can be modified to control difficulty of the task; we will begin with a 1-2 s interval as 
described in Experiment 3. but may increase that interval to make the test more challenging. 

Experiment S: Exploration, anxiety and spatial memory in a modified hole-board 
environment. 

The modified hole-board test has the advantage and being able to measure exploration, anxiety 
and memory in a single test (van der Kooij et al, 2010). The hole-boards are 40 cm x 40 cm 
inserts that fit within our current open field chambers, and they contain 16 holes evenly-spaced 
(- 7cm), each with a diameter of3 cm and depth of 1 cm. Several printed geometric shapes 
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located on the walls of the room serve as spatial cues to the animals in the apparatus. The body
weight of mice will be reduced to approximately 85% of their free-feeding weight for four days 
prior to the beginning of the experiment; food restriction will begin no less than three days after 
TBI or sham surgery (Anon.; Rowland, 2007; Toth and Gardiner, 2000). Body weight will be 
taken each morning to monitor weight loss and adjust food as needed, and animals will be 
physically inspected to ensure there are no signs of ill health (Anon., 2011). For two consecutive 
days, the mice are given a single three minute acclimation to the test environment During 
habituation, all 16 holes will be baited with a small food reward (.01-.02 g almond} to encourage 
visits to the holes. Video tracking reports results on locomotion, time spent in the center of the 
apparatus and the frequency ofhead·pokes into a hole. On the third day, only four of the holes 
will be baited with food and the pattern of the location of food rewards will remain consistent for 
the remainder of the experiment. Each mouse then undergoes spatial learning trials, four trials 
per day for three days. Each trial lasts until the mouse finds all four food rewards, and the latency 
to complete the trial is recorded for each mouse. Olfactory cues will be eliminated by placing a 
small drop of almond extract in the holes that do not contain the food reward. On the sixth day 
(the day immediately following the final spatial learning trial) a reversal.task will begin. During 
this part of the test, the locations of the food rewards will be scrambled. Mice will be trained for 
three days with four trials per day. Each trial lasts until the mouse finds all four food rewards. 

Experiment 6: Evaluation of episodic learning and memory with the Novel Object 
Recognition test, and assessment of irritability in mke 

The Novel Object Recognition (NOR) test was first developed by Ennaceur and Delacour 
(Ennaceur and Delacour, 1988} and adapted for use in mice by Dodart and colleagues (Dodart et 
al, 1997). The NOR test assesses the ability of an animal to remember a prior object in the 
environment. The task will begin no less than three days after sham or TBI surgery and consists 
of three phases: a) Habituation -the mouse is allowed to freely explore the environment in the 
absence of objects for one hour. B) Acquisition - 24 hours after habituation - the mouse is 
placed back into the familiar arena containing two identical objects for ten minutes. C) Test -
one hour after Acquisition - for ten minutes the mouse is returned to the arena containing two 
objects: one identical to the same from the acquisition phase, the other is novel. During the 
acquisition and test phases the two objects are located in opposite and symmetrical comers, and 
the location of novel vs. familiar is counterbalanced between subjects. The amount of time 
exploring each object in the Test phase is compared; a mouse that remembers the objects from 
the Acquisition phase will spend a larger proportion oftime exploring the novel object of the 
Test phase. 

No less than three days after completion of the NOR test, irritability will be assessed in mice 
employing the "bottle brush" method (Riittinen et al, 1986). Mice will be housed individually for 
the five days of the test. The mouse will be gently prodded, or what is also called, "nudged," in 
the home cage with a clean white bottle brush moving against it, and each mouse is nudged 20 
times daily, consecutively, with 10-15 sec between each stage. Each prodding consists of five 
stages: a) Rotating brush approaching the mouse from the opposite side of the cage, b) Rotating 
brush touching whiskers of the mouse, c) Rotating brush returning to starting position on 
opposite side of the cage, d) Rotating brush in starting position, e) Brush (not rotating} at starting 
position. Each stage of the prodding is about 1.5-2 sec, except for the last stage which can be 
prolonged waiting for the mouse to return to its end of the cage. 
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The following responses will be observed and recorded during the prodding: a) Escape, b) 
Biting, c) Digging, d) Jumping, e) Boxing, t) Grooming. g) Climbing, h) Following, i) 
Exploration, j) Tail rattling. Behaviors of the mouse are never to be interrupted unless the mouse 
climbs onto the edge of the cage (at which point the investigator's hand should gently nudge the 
mouse back down) or if the mouse jumps out of the cage (an unlikely event since the cage walls 
are -25 cm height), it will be immediately captured and returned to the appropriate end of the 
cage. The tests occur in a small room with a closed door that has a sweep guard, so there is a low 
chance oflosing a mouse. If the mouse "follows" the brush to the opposite side of the cage, the 
mouse is gently nudged by hand to its side of the cage. 

V.4.4.7. Other Procedures: 
Transfer of mice (after testing) to DLAM. If possible, some of the mice used in this protocol will 
be transferred to DLAM. DLAM will be notified of the pending availability of mice, which may 
be used for other training purposes by DLAM or for sentinel purposes. 
Decapitation for tissue sharing or for protein analyses by western blotting and 
immunohistochemistry. At the study endpoint, the mice will be anesthetized as described in 
Section V .4.1.2.1. Once the mice are deeply anesthetized and unresponsive to paw pinch, mice 
are decapitated using a guillotine designed for rodents (cf., V.4.6. Euthanasia) for western 
blotting. As indicated under Sections V.4.4.2 and V.4.6. for immunohistochemistry the animals 
must be perfused with fixative before removal of the brain. 

V.4.4.8. Tissue Sharing: 
Excess mouse tissue will be made available to other investigators in our or other labs. 

V .4.5. Stud::t Endeoint: 
The study endpoint is survival for the previously described durations (10·16 weeks of age), at which 
time mice will be euthanized. Euthanasia will be performed as stated. 

V .4.6. Euthanasia: 
Euthanasia will be performed in accordance with the guidelines of the "2013 Report of the 
AVMA Panel on Euthanasia." Methods of euthanasia on this protocol include decapitation and 
perfusion. Mice are first anesthetized for these procedures. 

Perfusion: Following anesthesia per Section V.4.1.2.1 we will ensure mice are deeply 
anesthetized and unresponsive to paw pinch then a midline thoracotomy is made to expose the 
heart, a 20-22 gauge blunt tip needle connected to a tube ('.4 in ID and 1/16 in wall) inserted into 
the left ventricle through the apex and the right atrium incised. After an initial washout with 20-
30 ml of cold 100 mM phosphate buffered saline (PBS), transcardial perfusion with 50-75 ml 
cold 4% parafonnaldehyde in PBS will be delivered tluough a gravity perfusion system until 
adequate perfusion reached. The brain will then be removed from the calvarium and post-fixed 
before tissue sectioning for immunohistochemical staining. 

Decapitation: Following anesthesia per Section V .4.1.2.1 we will ensure mice are deeply 
anesthetized and unresponsive to paw pinch then use a rodent guillotine to decapitate the 
anesthetized mice. The decapitation equipment will be cleaned and maintained to ensure the 
proper function by routinely checking to ensure it is not rusted or blunt. It will be either 
sharpened or replaced if it does not function properly. A log book will be kept of the 
maintenance of the guillotine. 
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In the event that LAM personnel must euthanize an animal for humane reasons, cylinderized 
carbon dimtide will be used in the LAM necropsy room. Using a clean cage carbon dioxide will 
be administered at a rate to replace greater than 20% of the cage volume per minute. Once the 
mice have not moved or breathed for at least one minute they will be removed from the chamber. 
Euthanasia may be ensured by cervical dislocation or opening of the thorax. 
V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry will 
be provided in accordance with LAM Husbandry SOPs for each species in this protocol. Routine. 
animal husbandry will be provided in accordance with LAM Husbandry SOPs for the mice used 
in this protocol. 

V.5.1 .1. Study Room: 
Duilding(s)l-(b-)(6_) _____ _ 

Builcling(s) 
Building(s) ._ ______ .... 

Room Nwnber(sl(b)(6) ~ 

Room Number(s 
Room Number(s..__ ______ _,_.._ 

V.5.1.2. Special Husbandry Provisions: 

Fgosi Restriction: Yes x No 

Fluid Restriction: Yes No x 
V.5.1.3. Exceptions: Mk e tested in the modified hole--boatd experiment (Y. l .S. 
Experiment S~ n""85) will be restricted to approx.imately 8 5% of free-feeding body-weight 
beginning four days before the experiment. This restriction is necessary for the mice to be 
motivated during the experiment which requires them to r(}member the location of small food 
rewards. To ensure proper weight loss, mice will be weighed every morning. The diet provided 
will be altered to meet the ,..g5% weight Joss. Mice from the same cohort will be used to monitor 
body weight change (Anon. , 201 l). 

V.5.2. Veterina!)'. Medical Care: 

V.5.2.1. Routine Veterinary Medical Care: 
The Pl or research staff will observe the mice following all procedural manipulations. OLAM 
persoMel will observe the mice at least once a day for general health and husbandry condition. 
Any mouse observed to be lethargic, losing weight, exhibiting gross neurological deficits (such 
as inability to eat or drink, continual circling, seizures, etc.) or any other signs of distress or 
illness will be evaluated by the PI and/or veterinary staff then euthanized as previously 
described. 

V.5.2.2. Emergency Veterinary Medical Cara: 
All emergency, weeke--nd. and holiday care is provided by two animal husbandry technicians, one 
or moce veterinary technicians, and an on-call veterinarian. Essential husbandry procedures and 
health rounds are conducted by LAM personnel once daily during weekend and holidays. 
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V.5.3. Environmental Enrichment: 

V .5.3.1. Enrichment Strategy: All animals on this protocol will be provided with routine 
environmental enrichment in accordance with LAM SOPs and lACUC Policies except as 
described below. All mice will be group-housed, and standard nestlets provided by LAM will be 
provided in each cage. 

V.5.3.2. Enrichment Restrictions: After completion of the NOR test in Experiment 6, we 
are requesting these animals be individually housed for the duration of the irritability part of the 
experiment (five days). 
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(b)(6) 

VI. STUDY PERSONNEL QUALIFICATIONS ANO TRAINING: 

Protocol activity or 
procedure (e.g., tan 

vein injections, 
authanaaia) 

Surgery ( con1rolieci 
cortical impact) 

Rodent Behavioral Testing 

Anesthetic injectioru 

Euthanasia by decapitation 

- · -· - - ---- --1 

fntracardial perfusions 

Name of person 
performing activity 

OJ 

Qualification& of person 
performing activity (e.g., 
research technician, 2 

yrs experience) 

has> 15 
_____ __. 

years o exp~nenee in animal 
handling and behavioral 
testing and lUi M.S. in 
Behavioral Ncwuscience. 

(b)(o) has two years of 
ex erience with testing, and 
~~----...ihag been 
l,,!;l.~~~~~rior pro1ocol 

1:;;1:; ihave ~ny ye! 
of experience with perfusions. 

Specific training In 
thls activity or 
procedure (e.g., 

rodent handling CIMS; 
1999 

....... 1•·~: 11 x ericncc t! 

1 rut (t:> 

l:i ill receive training 
-om the iipprftved 

rsonnel on lb.is rotocol. 
•A)! listed inyesligator.s have attended the USUHS Investigator Training Course: Or _ o n August i'i, 200S, 

ltb)(6) lcompl.:ted several online USUHS Investigator Training Courses on October 28, 2009 and attended the 
Rodei'it Hi1tldling .iiftd Prrx:edural Ie.chniqu~s_on N ovem her t 9"', 2009, She is preViously apprcwed to perfotm the 

H.ab~yeprocedures:unded~l@ _.'" .... _ .. !Dr.Oas completed the onli.ne USUHS Investigator Training Course on 
Septem'ber 9. 200& and the 'Rodent Handling and Proccdll(al T~_hni.9ues_90 September 24. 2009. She is approved to 
perform the above procedures under protoeotllb)(6l !completed several USUHS ooline 
investigator training <;OUl'Ses induding '1Worldng wiih ihe IACUC" (non-VA) oa April 23, 20ll and the tJSUHS 
lnvestigator Training Courses on June 6, 20 I J J(bJtBl bompleted USUHS onli.ne training on February 
7, 201) llf.1d altc11det1 the USlMS Investigator Traifiing Colltse on August 16, 2012. 

VU. §IOHAZARDS/SAEETY: 
To minimize exposure to animal allergens when working with lab animals, lab personnel will 
wear lab ooats a.ndJor scrubs, gloves and masks, We wi11 always to wear lab coat and gloves 
when we contact toxic chemicals such as phenol/chloroform during RNA isolation and perform 
some ste-ps in a fume hood to minimize risk of exposure to these teratogens. Potential fumes 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an urH1eee~sary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluS1te the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific valid ity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coord ination regarding all applicable rules and regulations concerning radiation 
protection; biosafety, recombinant issues. and so forth. in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or ctistres~ will be 
caused to the animals as a result of the procedures I manipulations. 

F. Trainin9~ I verify that I have attended the USUHS Investigator/Animal User 
Training Course . 

. rx" 
~ 

&/2.l·/13 
Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal U~er Training Course: 
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H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obllgations associated witn tne performance of this animal use protocol. and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well~being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

J
6)(6) 

Prlnci"-------~==' 

I. Painful Proc;edura(s): 

I am conducting biomedical experiments which may potentially eause more than 
m~slight pain or distress to animals. This potential pain and/or distress WtLb 
o~e relieved with the use of anesthetics, analgesics and/or tranquilizers. I 
have considered alternatives to such procedures; however, using the methods and 
sources described in the protocol, I have determined that alternative procedures are not 
available to accom lisn the ob'ectives of this proposed experiment. 

{ i /i., I l_J 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: .... ltb_)(S_I ___ __. 

D. Animal Protocol Title: Development of nonnative data for behavior testing in the 
CNRM Mouse Behavioral Assessment Core 

C. Principal lnvestiaator( .... t
5
_>(5_> ____ ..... !Ph.D. 

0. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: $491,383 

F. Ob!ective and Approach: 
The goal of this research is to integrate new behavioral rescs into the CNRM Pfc-Clinical 

Studies Core's current offering of functional tests for scientific investigators. In the past three 
years the Core has offered over 20 behavioral tests for investigators to use for behavioral 
assessment in their experiments. The majority of these tests have been validated in con.1101 
animals and used in traumatic brain injury (TBI) research, and the results are available to all 
investigators interested in employing hehavioral testing in their srudies on btain injury. This 
research will expand the offerings to include more sensitive cognitive tests, tests of sensory 
systems including vision and olfaction, and an assay of initation, a neuropsychiatric complaint of 
brain-injured human patients. A database of"normative" infonnation on uninjured C57BL/6 
adult male mice will first be collected to validate testing equipment and data-collecting 
procedures. We will then use controlled cortical impact (CC£) to induce TBI at mild and severe 
levels to detennine the impact of this brain injury on functional performance and to identify 
behavioral tests that are able to discriminate mild injuries. 

To approach this problem we will use laboratory mice. Mice will be used in a series of 
behavior tests to assess their performance and gather basic statistical information about the 
scores obtained by a '1.ypical" mouse and by a mouse with brain injury. The data collected will 
then be summarized using conventional statistical approaches (mean, standard deviation, analysis 
of variance, correlation and regression analyses). We will use as few mice as possible while still 
using enough to make valid conclusions. We must undertake this work in live mice to determine 
behavioral testing scores to "standardize" the procedures for testing mice and to provide other 
experimenters with '1\omtative" data about what they can expect will be the typical behavioral 
patterns of their mice when they use the core facility. To do this initial research we must use 
animals since cells or tissues will not reflect the actual biology of a Jive organism. We hope that 
this basic research and use of animals will aid in Wlderstanding some of the causes for the long
tem1 effects stress and brain injury has upon warfi.ghters retwning home to their towns, work. 
and families, and that this research may allow us to provide better treatments to heli:> suffering 
soldiers. 

G. Indexing Tenns (DescriQtors): Animal, mice, traumatic brain injury, behavioral testing 
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UNIFORMED SERVICES UNIVER.SITY OF THE HEALTH SCIENCES 
4301 JONES BRIOGE ROAD 

BETHESDA, MARYLAND 20814-4712 
http:/1-, uauhs.ml1 

MEMORANDUM FOR DR. ..... 1(0_><
5
_> _____ ___,loEP ARTMENT OF ANATOMY, 

PHYSIOLOGY, AND GENETJCS 

SUBJECT: JACUC Approval of Protocol - lnitial Review 

The following application was reviewed and approved by the Unifonned Services 
University of the Health Sciences (USUHS) Institutional AnimaJ Care and Use Committee 
(IACUC) via Designated Member Review on June 20, 20l3: 

Animal Protocol Title: "Nanotechnology-based [ntranasal Brain Deiivery o( Neuroprotectants in 
Ral Models" 

USUHS Protocol Number: j<6 ..... _>t
6
_> ___ __, 

Expiration Date: June 19, 2016 

Supporting Onmt(s) Nwnber: ._f
6_>16_> __ __, 

Name of PrirKipal Investigator; Dr . ._l(b_><5_, _____ ..... 

The USUHS has an Animal Welfare Assurance on tile with the Office for Laboratory 
Animal Welfare (OLA W), National Instirutes of Health (NIH). The Assurance Nwnber is 

f6)(6) I The IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be ex.tended, and no animal woric 
may be done without an approved protocol. Although the IACUC may send reminders-, it is the 
investigator's responsibility to submit an annual review form (form 3206A) at least 30 days in 
advance, or a new Form 3206 for triennial review at least 60 days in advllnce of cxJ)iration. 

Prior to placing yow first animal order, please contact MAJl1b)<ll) Ito schedule 
a pre*protocol planning meetin~(~)(&J lThis meeting must occur to ensure animal numbers 
are loaded in the CART system and LAM resoun:es are available to meet your needs . 

cc: 
Office of Research 

............... r:;~ ___ I ~.o. 
l(b~ I ,____ _ __ ____, Ph.D. 

Vice-Chair, Institutional Animal 
Care and Use Committee 

ltlirning to Cart Jot 1hoJt in Harm} Way 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 
IACUC Date Stamp 
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(6)(6) 

PROTOCOLNUMBER: ~-------~ 

PROTOCOL TITLE: Nanotechnology~ased Intranasal Brain Delivery of 
Neuroprotectants in Rat Models. 

GRANT TITLE (if different from above): 1) Intranasal CNS delivery of drugs to protect 
against organophosphorous threat agents (NIH, active). 

USUHS PROJECT NUMBER:,_j<6>_{6> __ __, 

FUNDINQ AGENCY: NIH (active) 

EARLIEST ANTICIPATED FUNDING START DATE: Ongoing 

.;...P.:...:R=IN:;..;::C=IP"""'_ A...;.::L~l~N?=V=E5S_=l_l=D=lA=I_=O_=R:L._ (..,.( ____ _..Ph.D. 
( 

Princi pal Investigator Signature 
APG r~: b Department~ce/Lab Tetep~e 

SCIENTIFIC REVIEW: This animal use proposa l received appropriate peer scientific 
review and is consistent with .Q9d scientific research practice. 

Researcn Unit Chief I Dept. Head Signature 
Typed Name. 

\ k6)(6) 
( <·'' (.L,u ... l ._ ...,_----'-
Title Telephone 

<)• t('.J. 'i(J\.' I ) 

Date 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study. 

Statistician Signature 
Typed Name: 

Department Telei*10t 1e 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress , even if 
relieved by anesthetics or analgesics. 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR: ..... 1(6_1<6_> ___ ____.l Ph.D. 

ANIMAL PROTOCOL TITLE: Nanotechnology-based Intranasal Brain Delivery of 
Neuroprotectants in Rat Models. 

GRANT TITLE (if different from above}: 1) Intranasal CNS delivery of drugs to protect 
against organophosphorous threat agents (NIH, active). 

USUHS PROJECT NUMBER:l ..... c
5

_><
5
_) _ ___, 

CO-INVESTIGATOR{S): Drs.._ltb)_<6_1 __ __.I Ph.D.,'-l(6_K6_> _ _,lPh.D.f ._6_)(
6
_1 __ __,!Ph.D. 

TECHNICIANSCSl: Ms .f6J(6) ~.s.J5ll6\ IM.S 

I. NON-TECHNICAL SYNOPSIS: Nose to brain delivery bypasses the blood 
brain barrier (BBB) to rapidly deliver drugs to the central nervous system (CNS) via 
multiple neural pathways wherein drugs are observed in the brain with in 10 minutes of 
application in humans The major advantage of this approach is that charged molecules 
or even high molecular we ight drugs. which cannot bypass the BBB from the general 
ci rculation, can be rapidly delivered to the CNS. Efficiency of nose-to~b,ain delivery can 
be significantly improved by adjusting the phys icochemical properties of the 
formulations using membrane-adhesive nanoemulsions or biodegradable nanoparticles. 
Our long term objective is to establish and optimize for human use the efficacy of 
intranasa l brain delivery systems for use with chemical threat agent-related 
therapeutics, which can be of rapid and practical use in preventing and treating 
chemical threat agent mediated casualties. The immediate goal is to develop an 
intranasal nanoemulsion approach for this purpose and optimize effectiveness in a 
preclinical model system in the rat Use of nanoemulsion technology for intranasal brain 
delivery of drugs is an innovative approach to bypass the BBB and efforts along these 
lines are underway in many laboratories. The successful use of an Intranasal brain 
delivery technology against chemical threat agents will open up its wider application in 
numerous other areas of clinical medicine and research. 

II. BACKGROUND: 

11.1. Background: 
Exposure to organophosphorous chemical threat agents (CTAs) is a potentia l risk for 

military and the civilian populations alike. CT As exert their toxic effects by inhibiting 
acetylcholinesterase (AChE) leading to the accumulation of acetylcholine at syna15tic 
and neuromuscular junctions resulting in symptoms of acute CTA poisoning including 
salivation, lacrimation, defecation. muscular twitching, seizures, status epilepticus and 
ultimately death due to respiratory failure. Available treatment for acute CTA poisoning 
includes combinations of: 1) oxime to reactivate the inhibited AChE; 2) atropine to 
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antagonize the action of excess acetylcholine formed at muscarinic receptors and 3) 
diazepam or midazolam to allosterically potentiate action of the inhibitory 
neurotransmitter y-amino butyric acid (GABA) at GABAA receptors. The two major 
limitations of the current therapeutic strategies are: 1) poor blood-brain barrier (BBB) 
permeability of oximes and 2) resistance to reactivation of the CTA-inhibited AChE due 
to its rapid 'aging' [1]. Quick delivery of oximes to the brain is critical to reactivate the 
rapidly 'aging' AChE in ~he brain and protect the brain from acute and subsequent 
chronic injuries. 

Non-invasive intranasal nose-to-brain delivery of therapeutics was first invented by 
William H. Frey II in 1989 and patented in 1997. This method bypasses the BBB to 
rapidly deliver drugs to the CNS extracellularly and parace!lularly along the olfactory 
and trigeminal neural pathways [2] wherein drugs are observed in the CSF within 1 O 
minutes of application in humans. Dr. Frey's patented intranasal insulin treatment has 
been found to improve memory, attention and functioning in patients with Alzheimer's 
disease in clinical trials performed by Dr. Suzanne Craft and colleagues [3,4] and to 
improve memory in normal human adults as well [5]. Intranasal treatment has also been 
used for treating stroke [6], brain tumors [7], seizure and many other neurological 
disorders in animal models (8-13]. The major advantage of this approach is that charged 
molecules or even high molecular weight drugs, which cannot bypass the BBB from the 
general circulation, can be rapidly delivered to the CNS. Efficiency of nose-to~brain 
delivery can be significantly improved by adjusting the physicochemical properties of the 
formulations using mucoadhesive nanoemulsions or biodegradable nanoparticles [44, 
14-23]. Our central hypothesis is that intranasal administration of therapeutic 
formulations of oxime, atropine and midazolam in a nanoemulsion formulation can 
rapidly deliver significant amounts of these drugs to the brain and small amounts to 
lungs and the blood stream to protect against CTAs up to 30 minutes after exposure. 
Our long term objective is to establish and optimize for human use the efficacy of 
intranasal brain delivery systems for use with chemical threat-related therapeutics, 
which can be of rapid and practical use in preventing and treating CTA casualties. The 
immediate goal is to develop an intranasal mucoadhesive nanoemulsion approach for 
this purpose and optimize effectiveness in a preclinical model system. 

Use of nanoemulsion technology for intranasal brain delivery of drugs is an 
innovative approach to bypass the BBB and efforts along these lines are underway in 
many laboratories. The proposed intranasal brain delivery technique using 
nanoemulsion needs to be investigated for protection against CTAs or any other 
situations involving civilian mass casualty. The major advantages of the successful use 
of this non-invasive technology against CT As are: 1) it can rapidly deliver oximes (which 
cannot cross the BBB under physiological conditions) to the brain in addition to the 
lungs and blood to reactivate the inhibited AChE; and 2) it can be self-administered 
immediately after exposure to prevent 'aging' of the inhibited AChE and its resistance 
for reactivation. The successful use of an intranasal brain delivery technology against 
chemical threat agents will open up its wider application in numerous other areas of 
clinical medicine and research. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s} 
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Literature Sources Searched: PubMed, BRO, FEORIP 

11.2.2. Date of Search: 2-19-2013 

11.2.3. Period of Search: 1970-present 

11.2.4. Key Words and Search Strategy: Intranasal brain delivery, nanoemulsion, 
nanoparticle, nerve agent, paraoxon, rat. 

11.2.5. Results of Search: PUBMED: Six articles were found when keywords 
intranasal brain delivery and nanoemulsion were combined. None of them involves the 
proposed work involving nerve agents. BRO: None. FEDRIP: None. 

Therefore, the proposed research and the goals do not duplicate earlier research In 
these areas of research. 

OBJECTIVE\HYPOTHESIS: Our central hypothesis is that intranasal administration of 
therapeutic formulations of oxime, atropine and midazolam in a nanoemulsion 
formulation can rapidly deliver significant amounts of these drugs to the brain and small 
amounts to lungs and the blood stream to protect against CT As at 30 min or later time 
points. Our long term objective is to establish and optimize for human use the efficacy 
of intranasal brain delivery systems for use with chemical threat-related therapeutics, 
which can be of rapid and practical use in preventing and treating civilian mass 
casualties. The immediate goal is to develop the intranasal mucoadhesive 
nanoemulsion approach for this purpose and test them for effectiveness in a preclinical 
model system. 

IU. MILITARY RELEVANCE: 

Exposure to organophosphorous chemical threat agents (CTAs) is a potential risk for 
military and the civilian populations alike. Use of nanoemulsion technology for 
intranasal brain delivery of drugs is a highly innovative approach to bypass BBB and 
efforts along these lines are underway in many laboratories. The proposed 
intranasal brain delivery technique using nanoemulsion needs to be investigated for 
protection against CT As or any other situations involving civilian mass casualty. The 
major advantages of the successful use of this non-invasive technology against 
CT As are: 1) it can rapidly deliver oximes (which cannot cross the BBB under 
physiological conditions) to the brain in addition to lungs and blood to reactivate the 
inhibited AChE; and 2) it can be self administered immediately after exposure to 
prevent 'aging' of the inhibited AChE and its resistance for reactivation. The 
successful use of an intranasal brain delivery technology against chemical threat 
agents will open up its wider application in numerous other areas of clinical medicine 
and research 
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V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

1. Animal studies to determine the optimal mucoadhesive nanoemulsion 
for the proposed neuroprotection studies: Male Sprague Dawley rats (220 to 250 
gm) will be used for these studies. Rats will be anesthetized by exposure to isoflurane 
(3%). Animals will be given intranasal administration of 2-PAM made in different 
nanoemulsions (3 different particle sizes of chitosan as well as hyaluronate based 
mucoadhesive nanaemulsians) as well as nanoparticle forms up to a maximum volume 
of 50 µI in the supine position with the head tilted back so that the formulation can drain 
to the olfactory epithelium at the roof of the nasal cavity under anesthesia. Changes in 
blood pressure or mucous secretions are not expected to affect the uptake of the 
neuroprotectants under this condition. Also, only one nasal passage way will be used at 
a time and the viscosity of the emulsion will be adjusted in such a way that it will not 
have any adverse effect on the epithelial layer. The animals will be euthanized at 30 min 
and 2 hrs after intranasal administration. Brain, lungs and blood will be collected for 
measuring the levels of 2-PAM using HPLC/MS. In the case of brain, different regions 
(olfactory bulb, cortex, hippocampus, cerebellum and brain stem) will be dissected for 
analysis. Spinal cord also will be collected for determining the delivery to the whole 
CNS. Group 1: Animals given intranasal administration of 2-PAM made in chitosan 
based nanaemulsions -30 rats (5 animals each for three different particle sizes and 2 
time points). Group 2: Animals given intranasal administration of 2-PAM made in 
hyaluronate based nanoemulsions -30 rats (5 animals each for three different particle 
sizes and 2 time points). Group 3: Animals given intranasal administration of 2-PAM 
made in nanoparticle preparations -30 rats (5 animals each for three different particle 
sizes and 2 time points). Total number of rats required for this part is 90. Pain 
Category C = 0, D = 90 , E = 0 

2. Determination of the optimum doses of drugs for combination in the 
optimal nanoemulsion or nanoparticle preparation: Three different concentrations of 
atropine, 2~PAM and midazolam (up to the doses used for intramuscular route) will be 
made using the optimum mucoadhesive formulation obtained from the above study for 
determining the optimum doses of drug combination for the neuroprotection studies. 
The doses used for intramuscular route far atropine, 2-PAM and midazolam are 2 
mg/kg, 25 mg/kg and 5 mg/kg respectively. Rats will be anesthetized by isoflurane as 
mentioned above. Three serial dilutions of the drug combinations will be made in the 
optimal nanoemulsion/nanoparticle preparation and will be given intranasally as 
described above and the animals euthanized at 30 min and 2 hrs. Brain, lungs and 
blood will be collected for measuring the levels of drugs using HPLC/MS. In the case of 
brain, different regions of the brain (olfactory bulb, cortex, hippocampus, cerebellum and 
brain stem) will be dissected for analysis. The optimal doses of each drug will be 
selected based on the highest uptake into the brain. Total number of animals required 
for this part of the study= 5 animals/group x 3 doses x 2 time points= 30. Pain 
Category : C = O ; D = 30 ; E = O . 

3. To test efficacy of the intranasal brain delivery method of CTA 

USUHS Form 3206 - Revised June 2005 
Previous versions are obsolete 

6 



therapeutic formulation for protection against the insecticide (CTA) paraoxon 

The protective efficacy of the optimal therapeutic formulation containing the drug 
combination obtained from the above study will be tested against the model CTA. the 
insecticide paraoxon in rad iotelemetry probe implanted rats . About one week after the 
rad iotelemetry probe implantation. therapeutic fonnulation containing the mixture of all 
the three drugs will be given intrenaselly 30 min after exposure to paraoxon (1.0 mg/kg 
s.c). This dose was selected based on the observation that it will cause status 
epileptJcus in 7!% of the animals (24).The protective efficacy will be compared to that 
of the traditional intramuscular route. The protective efficacy will be determined using 
mortality, EEG measurement using radiotelemetry and neuropathological examination 
using hematoxylin/eosin staining in addition to measuring the activity of AChE and 
butyrylcholinesterase (BChE) in the blood and different tissues including different 
regions of the brain. Group 1: (control, 18 rats); Group 2: (Paroxon exposed, 16 rats) 
- rats given parao><on; Group 3: (intranasal treatment group, 16 rats) - rats given 
paraoxon +intranasal treatment 30 min after the paraoxon injection; Group 4: 
(intramuscular treatment group, 16 rats) - rats given paraoxon +traditional 
intramuscular treatment with atropine (2 mg/kg), 2-PAM (25 mg/kg) and midazolam (5 
mg/kg) 30 min after paraoxon injection. This experiment will be repeated once to 
confirm it. Total number of rats implanted with radiotelemetry probe is 128. Pain 
Category C = 0 , D = 32 , E = 96. 

Pilot dose response study: As recommend by the reviewer, a pilot dose 
response study will be carried out using three doses around the proposed dose 
given above. The final dose to be used will be determined baaed on this pHot 
study. Pain category C • 0, D ::;16, E • 48. Total= 64. 

Mortality and EEG measurements will be carried out up to 24 hrs post paraoxon 
exposure. At the proposed dose level. the animals are expected to experience 
prolonged seizures starting in about 5 min of treatment with about 75% of animals 
exhibiting status epilepticus. Also, the animals are expected to display a combination of 
chewing, head-bobbing, single and bilateral limb clonus and rearing leading to 
constant full body tremors. Animals will be monitored at 30 min intervals during the first 
2 hours and every 8 hrs inteNals thereafter including the evening hours. Half the 
number of suNived animals after 24 hrs will be euthanized and blood/tissues collected 
for AChE and BChE assay. In the case of brain, different regions of the bra in (olfactory 
bulb, cortex. hippocampus. cerebellum and brain stem) will be dissected for the enzyme 
analysis. 

For histopathological analysis, 24 hrs post-parathion/paraoxon exposure, the other 
half of rats will be perfused transcard ially with 4% paraformaldehyde under anesthesia. 
Brain and lung will be collected for histopatholagical analysis using hematoxylin/eosin 
staining. The histopathological analysis will be carried out by the board certified 
pathologist available in the Laboratory Animal Medicine at AFFRI. EEG recording and 
analysis will be carried out with help from our departmental colleague, D '-1<

6_x6_> ___ _. 

using the Stellate (Montreal, Quebeck, Canada) EEG monitoring system. EEG 
recordings will be visualized offiine with filter settings at 0.3 Hz low frequency filter. 60 
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Hz notch filter, and 70 Hz high frequency filter, using the Harmonie Viewer 6.1c from 
Stellate. An electrographic seizure will be defined as a period of EEG changes marked 
by an abrupt starting and termination that includes a minimum of 10 s of consistent, 
repetitive discharges at least double the amplitude of the background activity and not 
less than 1 Hz in frequency. A single graphoelement will be classified as sharp wave 
when it is clearly distinguishable from movement artifacts, has twice the amplitude of 
the background EEG and is less than 1 ms in duration. 

Calculation of animal numbers: 

Experiment 1 + Experment 2 +Experiment 3 +Pilot dose response study +10% extra 
for training procedures and anesthesia failures = 90 + 30 + 128 + 64 + 31 = 343: Pain 
Category C = 0 , O = 185 , E = 158 

V.2. Data Analysis: Data will be presented as mean ± SEM. Parametric data will be 
analyzed using a paired 2-tailed t test for the paired data or a 1-way analysis of variance 
(ANOVA) followed by Dunnett's multiple comparisons post test. Nonparametric data 
(histology data, behavioral data) will be analyzed using a Wilcoxon signed rank test for 
paired data or a Kruskal-Wallis test (nonparametric ANOVA). An associated probability 
value of P< 0.05 will be considered significant. 

Power analysis using the quantitative data obtained from our earlier studies have 
indicated that for most of our behavior type studies a sample size of 10 animals per 
group will have 80% power to detect a difference of 1.5 standard deviations between 
groups assuming a 5% significance level, and should be sufficient for the outcomes we 
intend to measure: power calculations were performed using nQuery Advisor® 4.0 
software. Similar calculations have indicated that 5-6 animals/group is sufficient for 
biochemical and immunohistochemical studies. The total number of animals for each 
experiment has been calculated based on the above considerations. Sixteen 
animals/group are for the EEG studies involving paraoxon treatment in view of the 
expected mortality in this study. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: The specific nature of the project does 
not permit use of non-animal alternatives. The global physiological changes occurring in 
different cell types in the in-vivo brain injury models cannot be reproduced in single cell 
culture system, or any alternatives. 
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V.3.2. Animal Model and Species Justification: Male Sprague-Dawley (SD) rats 
(Rattus norvegicus) will be used for these experiments. SD rats have been chosen as a 
suitable species and animal model for this research because they have been 
extensively used in nerve agent research to evaluate new medical countermeasures. 

V.3.3. Laboratory Animals 

Species #1 Species #2 
V.3.3.1. Genus & Species: Rattus Norvegicus 
V.3.3.2. Strain/Stock: Sprague-Dawley 
V.3.3.3. SourceNendor: 
V.3.3.4. Age: 
V.3.3.5. Weight: 220-250g 
V.3.3.6. Sex: Male 
V.3.3.7. Special Considerations: 
V.3.4. Number of Animals Required (by Species): 343 

V.3.5. Refinement. Reduction. Replacement (3 Rs): 

V .3 .5.1.Refinement: 
Rats will be anesthetized with isoflurane and reach a surgical plane of anesthesia for 

restraint purposes before decapitation for collection of brain tissues. All EEG surgery 
will be performed under appropriate anesthesia and pre-and post-surgical analgesics 
will be used to relieve pain. For example. Lidocaine jelly will be used at ear pressure 
points and Bupivicaine used at EEG electrode placement. Any rat exhibiting signs of 
pain or impairment beyond that from this model will be euthanized at an early endpoint. 
V.3.5.2. Reduction: 

We have considered reducing the total number of control animals by avoiding 
separate control groups. However, in view of the variations between animals, especially 
in behavioral parameters, we do not feel comfortable in comparing with a control group 
done on another day. Therefore, we are unable to reduce the number of animals in the 
control group. Also, we have tried to use the minimum number of animals for each 
experiment based on our prior experience and experience of other investigators in the 
field. 

V .3.5.3. Replacement: 
In silico methods and tissue culture approaches cannot be used for evaluation 

of the intranasal transit of drugs to the brain, or to assess their effects on 
paraoxan toxicity, since these actions can only be observed in an intact living 
animal. Also, animals lower than rodents in the phylogenetic scale cannot be 
used to model brain injury studies in human, because of wide anatomic and 
physiological differences. 

V.4. Technical Methods: 
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V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

Species #1 Species #2 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 185 

V.4.1.1.1.3. Column E: 158 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/Analgesia/Tranquilization: 

For surgical implantation of cortical electrodes for EEG recordings, animals will receive one 
dose of buprenorphine (0.05 mg/kg s.c.) before any incisions are made. The animals will be 
anesthetized with isoflurane (3% for induction, 2.0-2.5% for maintenance; with oxygen). 
Anesthesia will be induced by isoflurane vapor in 100% oxygen in a commercially available 
induction chamber. Once anesthesia is induced, animals wm be transferred to the designated 
surgery area and anesthesia will be maintained via nose cone. To monitor the depth of 
anesthesia (including during surgery time) we will test whether the animal has lost its toe pinch 
(pedal withdrawal) reflex. 

Prior to incision, animals wm receive bupivicaine (0.25% solution, up to 0.5 ml) at electrode 
placement sites (infusion of surrounding tissue), at a maximum of 0.2 ml within any one animal, 
and buprenorphine HCI (0.05 mg/kg, s.c.) to assist in post-operative pain management. If 
animals continue to show signs of pain or stress such as a hunched posture, not eating/drinking, 
reluctance to move during the recovery period, we plan to give additional doses at 8 hour 
intervals (see below). 

Following surgery for implantation of cortical electrodes, animals will receive buprenorphine 
HCI (0.05 mg/kg, s c.), which will be given at a minimum one time at the end of the day of 
surgery, just before close of business. This is in addition to the preemptive dose given prior to 
surgery. All surgeries will be performed in the AM. Additional doses will be given every 8-12 
hours, up to 3 days after the surgery as needed, in consultation with the attending veterinarian. 

The buprenorphine dose may be increased on consultation with a LAM veterinarian, up to a 
dose of 0.25 mg/kg i.m. or s.c. at each buprenorphine dosing time point, if animals continue to 
show signs of pain or stress such as a hunched posture, not eating/drinking, reluctance to 
move. 

V .4.1.2.2. Pre- and Post-procedural (not surgery) Provisions:. 

For the EEG studies, following paraoxon exposure the animals will be closely monitored for 
signs of seizure onset or to determine if they have developed serious complications that may 
require early euthanasia (see V.4.4.7 and V.4.6 sections below}. As mentioned earlier, the 
animals are expected to experience prolonged seizures starting in about 5 min of treatment 
with about 75% of animals exhibiting status epilepticus. 
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V.4.1.2.3. Paralytics: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: PubMed, Agricola: 

V.4.1.3.2. Date of Search: 3/28113 

V .4.1.3.3. Period of Search: 1966-2012 

V.4.1.3.4. Key Words of Search: animal, rat, pain, analgesia, transcardial perfusion, 
seizure. 

V.4.1.3.5. Results of Search: PUBMED: A total of 139 publications were obtained 
when all key words except transcardial perfusion were used. However, none appeared 
when transcardial perfusion was included in the search. All of the 139 publications 
involved studies on different aspects of pain, including neural mechanisms and newer 
pain relieving agents. When key words rat and transcardial perfusion were combined, 
47 publications describing studies involving the use of transcardlal perfusion were 
obtained. None of them provided any alternatives to the proposed painful procedures. 
Agricola: None of the publications provided an alternative to the painful procedure used 
in this protocol. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 

The goal is to develop intranasal brain delivery methods for protection from nerve 
agents. There is no alternative for inducing brain damage in rats that mimics the damage 
caused by nerve agents to determine whether a compound is neuroprotective. The only 
way to determine the neuroprotective efficacy of a putative drug is to cause actual status 
epileptic us in an animal model to induce damage prior to administration of the 
neuroprotective compound and to determine the number of surviving neurons and 
improvements in other CNS pathologies. 

Without exposing the animals to nerve agents or model compounds, it is not 
possible for us to conduct these studies. These studies are justified because the use of 
nerve agents against milttary personnel in international conflicts, and also against civilians, 
is a major threat at the present time. Thus, the knowledge obtained from the proposed 
investigations may benefit many active duty personnel, as well as civilians. 

Paraoxon exposure is thought to cause some pain and/or distress due to the intense 
physiological changes produced by these toxicants. Anesthetics and analgesics for relief of 
pain or distress are known to have profound effects on brain function and may also interact 
with chemical agents, thereby complicating the interpretation of the results. The goal of the 
study is test the effect of 2-PAM to block the seizure activity in the brain. Therefore, the 
dose of paraoxon that causes seizure activity in the maximum number of animals was 
selected for the proposed study. 
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V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgea;: 

V .4.3.1. Pre-surgical Provisions: 
A week prior to the experiments involving EEG recordings, the animals will be 

implanted with cortical electrodes for electroencephalogram (EEG) recordings. These 
EEG recordings will be used to confirm the onset and intensity of behavioral 
convulsions observed in the animals. The surgical procedures will be performed 
aseptically following the LAM guidelines. Animals will receive one dose of 
buprenorphine (0.05 mg/kg s.c.) before any incisions are made. Anesthesia will be 
induced by isoflurane vapor in 100% oxygen in a commercially available induction 
chamber. Once anesthesia is induced, animals will be transferred to the designated 
surgery area and anesthesia will be maintained via nose cone. See Section V.4.1.2.1 
Anesthesia/AnalgesiafTranquilization for details. 

When the animal is anesthetized, its head will be shaved with a hair clipper. The 
head will be cleaned with betadine and alcohol, each repeated 3 times alternately. Then 
the animal will be placed into a stereotaxic frame (appropriate frame size will be used 
for rats) after treating its pressure points such as ears and nose with lidocaine jelly. A 
heated pad with thermister-controlled feedback will be put between the animal's body 
and the base of the stereotaxic frame. Ophthalmic ointment will be applied to the eyes 
to prevent dryness. The body will be covered with a sterile drape with an opening to 
expose the head. Prior to incision, animals will receive bupivicaine at electrode 
placement sites (infusion of surrounding tissue) to assist in pain management. The 
injection \lolume will be limited to the minimum required for pain control, to minimize 
health risks. Care will be taken to avoid systemic effects. 

V.4.3.2. Procedure: 

Surgery to implant cortical electrodes: The skin will be incised longitudinally along the 
midline from eye level to the neck level and retracted to the sides with hemostats. The 
periosteum will be scraped off from the skull. Five stainless steel machine screws (the 
smallest possible size that provide adequate anchoring) will be used as electrode contact 
and simultaneous anchoring points for the headpiece that will be built from acrylic cement 
to secure the female electrode connector in place. The screws will be manually positioned 
in the frontal or parietal bone plates and one over the cerebellum. The screws will be 
partially screwed in manually without penetrating the dura mater. 

V.4.3.3. Post-surgical Provisions: 

In the case of the EEG electrode impantation procedure, excess cement will be 
removed from the headpiece to make its edges smooth. lf necessary, skin will be 
sutured at both ends of the incision line. The animal will be released from the 
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stereota)(iC frame and placed in a recovery cage on a chemical pCjcket warmer wrapped 
in cloth or paper until the animal fully recovers from anesthesia. Alternatively, the 
animals may be placed in a forced-air recovery chamber warmed to 34 °C. Once fully 
awake and performing purposeful movements; the animal will be moved back to the 
hold ing area. At least 7 days w ill be allowed for recovery after surgery before any 
experimentation. 

We expect that about 90% of the an imals w ill be in good health to be used in the 
study. This decision w ill be jointly made by the animal-care personnel and the 
investigators. All efforts will be made to provide all animals with the best care possible. 
Each animal will be individually monitored throughout the study by experienced 
personnel from our laboratory. We w ill also closely work with the veterinarian ano 
animal-care staff of the animal facility to ensure that adequate treatment is provided in a 
timely manner should it be deemed necessary. 

After surgery\ the animals will be placed in a clean cage provided with a recirculating 
warm-water veterinary heating pad or in a forced-air recovery chamber warmed to 34 °C 
to maintain proper body temperature. Following surgery for implantation of cortical 
electrodes, animals will receive buprenorphine HCI (0.05 mg/kg, s.c.), which will be 
given at a minimum one time at the end of ttie day of surgery, just before close of 
business. This is in addition to the preemptiVe dose given prior to surgery. All surgeries 
will be performed in the AM. The medication will be administered by the by qualified Pl 
staff. If necessary, based on consultation with the attending veterinarian , additional 
buprenorphine may be given as needed, 

Additional doses of buprenorphine will be given if required , based on assessment of 
Pl and attending veterinarian of animal's cond it ion, which w ill include assessment of the 
presence of the following signs of pain/distress: hunching, abnormal gait, abnormal 
attitude (increased or decreased aggression), inability to move to food/water, excessive 
porphyrin sta ining of eyesfnose, shuddering or twitching, unkempt appearance, and 
vocalization when handled. 

F ollowirig at least 1 hour on the warming pad or in a forced-air recovery ehamber. 
upon full recovery in which the animal can maintain an upright posture and is 
ambulatory, the animal will be returned to its holding room cage. Laboratory personnel 
will provide the care of the animal until full recovery if it has not already occurred. All 
animals will be checked at least once 30 minutes after return to home cage, to ensure 
recovery is continuing. and at least once again just prior to the end of the work day to 
ensure animals are recovering normally. Animals will be examined at least twice daily 
by the Pt staff for one week post-surgery to ensure that no complications ocrur. 
Observations will be recorded for each animal in a place that Is accessible to the animal 
care staff (post-surgery cage cards may be used for this purpose). Pl staff observations 
will be separate from routine observations conducted by the animal care staff 

V.4.3 .4. Location: 
""(b_>< _________________________ __.,j acilities at 

USUHS 

V.4.3.5. Surgeon: Dr""l(6_1<6_i _ __. 
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V.4.3.6. Multiple Major Survival Operative Procedures: N/A 

V.4.3.6.1. Procedures: N/A 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: 

Drug name Dose Frequency Route Volume Needle 
size (concentration) 

Bupivicaine (2.5 
mg/ml) 

Buprenorphine 
(0.025 mg/ml) 

Fatal Plus or 
equivalent (50 
mg/ml) 

I 
Para-axon (0.5 
mg/ml) 

Atropine (1 
mg/ml) 

hv1idazolam (2.5 
I mg/ml) 

I 

1 5.0 Once 
: mg/kg 
I 
! 
' , 
! 0.05 : Q8-12H 
mg/kg 

85- Once 
' 100 
: !!J.9L!sg 

1.0 Once 
mg/kg 

2.0 Once 
mg/kg 

5.0 Once 
mg/kg 

,......... ... ·----- ·- ------
2-PAM (12.5 25 I Once 

' mg/ml) mg/kg I 
I 

: subcutaneous Surgery site Up to 
Q..5 ml 

subcutaneous lnterscapular Up to 
0.Sml 

intraperitonea! Lower 
abdomen 

Up to 
0.5 ml 

: subcutaneous lnterscapular Up to 
D.Sml 

- ----+--

25 ga 
1 in 

l~ 
11 in 

~5..f@ 
· 1 in 

25 ga 

1

1 in 

Intramuscular 1 Caudal thigh Up to 25 ga 

Intramuscular 

Intramuscular 

0.5 ml 1 in 

Caudal thigh i Up to 
0.5 ml 

I 
1 25~ 
; 1 in I 
i : ,. . I 

Caudal thigh : Up to 1 25 ga j 

____ i _o_.s_m_I __,_I _1 -i~ _ _J 

V.4.4.2. Biosamples: Tissues such as brain, lung, liver, kidney, heart and blood will 
be collected post mortem. 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 
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V.4.4.5. Animal Identification: The animals will be identified by cage card. However, 
individual animals after procedure will be given a particular identifying tattoo on their 
pinna of the ear, tail, arms or legs. 

V.4.4.6. Behavioral Studies: 

V.4.4.7. Other Procedures: On the day of exposure to the nerve agent, Paraoxon 
will be administered intraperitoneally and the animals will be connected to recording 
leads via the connection plug on their heads. Brain EEG activity will be recorded while 
they are in cylindrical plastic recording chambers, 16" in diameter and 26" high with lso
pad bedding on the floor, where they are free to move about. The period of confinement 
in the recording chambers will not exceed 3 hours on the experimental day or 1 hour on 
the day after, if needed. 

V.4.4.8. Tissue Sharing: Tissues may be shared with other investigators upon 
request 

V.4.5. Study Endpoint: All rats will be euthanized within 24 hrs of receiving the 
proposed dose of paraoxon. The animals will be euthanized for tissue collections and 
also for histological analysis at the end of each study. For histological analysis, 
transcardial formalin perfusion will be performed following injection of a 85-100 mg/kg 
dose of Fatal Plus or another pentobarbital based euthanasia solution. 

Early Endpoint: Any of the following will represent a reason for early euthanasia: 
inability to ambulate or reach food or water, self mutilation, continuous circling, or 
persistent labored respiration or gasping, loss of 20% of weight below baseline, 
prostration/inactivity for up to 24 hours, or a significant decline in vital signs. These 
signs, if observed by animal facility personnel and no study personnel can be reached, 
may be taken by the veterinarian as cause for euthanasia. 

V.4.6. Euthanasia: Some animals in each group will be euthanized by decapitation 
following injection of a 100 mg/kg dose of pentobarbital based euthanasia solution. 
Others will be euthanized by transcardial perfusion following euthanasia solution 
administration (Fatal Plus, 85-1 OOmg/kg or other pentobarbital based euthanasia 
solution, lntraperitoneal, 400-500µ1 volume, 25 gauge needle). 

Transcardial periusion will be done as described (16, 17). Briefly, animals will be 
deeply anesthetized with Fatal Plus (85-100 mg/kg), and the heart will be exposed by 
opening up the thoracic cavity after confirming that the animal is fully under anesthesia. 
To monitor the depth of anesthesia we will test whether the animal has lost its toe pinch 
(pedal withdrawal) reflex. The animals will be periused with either 10% neutral buffered 
formalin or 4% freshly depolymerized paraformaldehyde through the left ventricle using 
a peristaltic pump. The right atrium will be cut and approximately 200 ml of fixative 
solution will be passed through the circulatory system. Following the perfusion, tissues 
will be removed to a container of fresh fixative solution prior to histopathological 
analysis. 
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V.5. Veterinary Care: 

V.5.1. Hu$blndry Considerations: Roi.rtine animal husbandry will be provided in 
accordance with LAM Husbandry SOPs fat all rats in this protocol. 

V.5.1.1. Study Room:. 
Building(s) -1(b"""H5 ..... l -----.I_ Room NumberCs>l'b)(e) 

V.5.1.2. 
SP!.cial H'-!sbandry Provisions: 

Food Restriction: Yes Ne> x 
Flu isl.Restriction: Yes No x 

V.5.1.3. Excegtion•: 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routint Veterinary Mtdical Care: The animals will be Ob$ef\ied daily 
according to LAM SOPs. 

V.15.2.z. E:mergeneyYeterinarv Medical Care: All emergency, weekend, and holiday 
care 'is provided by two animal husbandrry 1ecnnrc1ans1 one or more veterinary 
technicians; arnd an on-can veterinarian. Essential husbandry procedures ahd health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.15.3.1. EnrichmJmLStraJe.gy: All animals on this protocol will be provided with 
routine environmental enrichment in accordance with LAM SOPs and IACUC Policies, 
Examples include nestlets and tunnels for rodents, 

V .5.3.2. Enrichmen.LRestri~tioos: 

VI. STUDY PE'RSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICA JIONS!TRAINING 

Pr>otocol activity or 
prciGe~tJre (e.g., tail vein Name Of per$Ol'l 
iniections eutharnasia} oerfonnina .actMtv 

lntria,gastric feeding, (O)(ti) 

euthanasia, 
decapitation, perfusion, 
EEG ~ad implantation 
Consulting 
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Qualifications of person Specific training in this 
performing activity (e.g., activity or procedure 
research technielan, 2 {e.o .• rooent haMUng 

vrs exoerience) class 1999) 

Ph.D. 8 yers eJCp In Investigator ttalnlng, 
TBI models· 2003, Rodent 

handling class, 2003 

Ph.D., 20+ years Investigator traininQ _ 
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exp. 1998, Rodent 
handling class, 
1998 

Consulting (0)(6) Ph.D .. more than 10 Investigator training 
years experlen~ in 2003. Rodent 
EEG studies. handling class, 

2003 
Behavioral studies Res. Assistant, 3~6 Investigator training 

months experience 2012. Rodent 
in rodent handling hanalina class,2012 

Consulting Ph.D., 15+ yeara Investigator 
experience training, 2000, 

Rodent handling 
class. 2000 

Euthanasia Research Investigator 
Associate~ M.S. training,June; 2013. 

Rodent handling 
class,June,2013 

VII. BIOHAZARDS/SAFETY: Gowns. Gloves, and masks will be used for personal 
protection and sharp items will be disposed off in separate. containers as per safety 
rules. The vol~tile anesthetic agents will be prooerlv closed and removed from the 
~ocedure area. Chemicals and hazardous waste used in this protocol will be handled in 
accordance with all applicable state and federal guidelines; regulations; and standing 
operating procedures. Waste anesthetic gas (isoflurane} will be scavenged and 
e~J}osur_e to investigators will be minimized using ih_e set ug used in the LAM ogerating 
room since the surgeries will be done in one of those operating rooms. Double gloves 
wlll be worn while preparing solutions of Paraoxon to avoid any body contact with the 
insecticide. 

Viii. ENCLOSURES: References 
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lX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide as~uranees for the following: 

A. Animal Use: The animals authorized for use in tf'iis protocol will be used only in 
the .activities and in the manner described herein; unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
th is protocol is not an unnecessary auplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made· the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety; recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations, 

F. Training: I verify that I have attended the USU HS Investigator/Animal User 
Training Course. (b)(6) 

= 
Principal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth '1R11 that the DOD has embraced; namely, 
11Responsibility" for implementing animal use alternatives where feasible and conducting 

humane and lawful research. r6) l c~f 1!s/6/C1 J 3 
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Principal Investigator Signature Date 

I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentia lly cause more than 
momentary or slight paih or distress to animals_ This potential pain and/or distress 
WILL NOT be relieved with the use of anestheti~s. analgesics and/or tranquilizers. I 
have considered alternatives to such procedures; however, using the methods and 
sources described in the protocol, I have determined ttiat alternative proce'dures are· not 

available to accomplish the abjj of •h: nmnosad rxperim:"/i J-I 0< 
0 13 

Principal Investigator Signature Date 
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X. PROTOCOL ABSTRACT: 
A. Animal Protocol Number: 

13. Animal Protocol Title: Nanotechnology·ba3ed intranasal Brain Delivery of 
Neuroprotectants in Rat Models. 

C. Principal Investigator: ._l\b_l<
6
_> ____ __,1Ph.D. 

D. Performing Organizatio1J: USUHS 

E, FuJlding: NIH 

F. O~i~v-~Jtn_d_App_r_Cla_ch : . . 

Intranasal CNS delivery of drugs to proteet against organopnospnorous threat 
agents: Our central hypothesis is that intranasal administration of therapeutic 
formulations of oxime, atropine and midazolam in a nanoemulsion formulation can 
rapidly deliver significant amounts of these drugs to the brain and small amounts to 
lungs and the blood stream to protect against CTAs at 30 min or later time points. Our 
long term objective is to estatlllsh and optimize for numan use the efficacy· of intranasal 
brain delivery systems for use with chemical threat-related therapeutics, which can be of 
rapid and practical use in preventing and treating civilian mass casualties. The 
immediate goal is to develop the intranasal mucoadhesive nanoemulsion approach for 
this purpose and test them for effecti\'eness in a preclinical model system. 

G. Indexing Terms (Oescri_ptors): . intranasal brain delivery, nanoemulsion. 
nanoparticles. seizure, insecticide, paraoxon . nerve agent. 
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UNIFORMED SERVICES UNfVERSIT't' OF THE HEALTH SCIENCES 
4301 JONES BRIDGE ROAD 

BETttESDA, MARYL.ANO 2011-4-4712 
http://www.uauha.mll 

November 7, 2014 

MEMORANDUM FOR DRJl....16_1<6_! ____ ___.IDEPARTMENTOF ANATOMY, 
PHYSIOLOOY. AND GENETICS 

SUBJECT: IACUC Approval of Protocol - Initial Review 

The followina application was reviewed and approved by the Uniformed Services 
University of the Health Sciences (USUHS) lnstirutional Animal Care and Use Committee 
(IACOC) via Designated Member Review on June 51 2014: 

AnimaJ Protocol Tjtlc: "The Effed ofTtaf2 and Nck Interacting Kinase (Tnik) Knockout on 
Freezing Behavior in Fear Conditioning (Mouse)" 

USUHS Protocol.Nwnbcr; l ... (6)_<
5

_> ___ ..... 

E!!ipiration Dale: Junc4, 2017 

SUpoortin2 Ggnt(sl NYm!>cr: IL..(6x_6_l ......... ~ .... 

Name of Principal lnvcsti&ator: Dr. ( .... '.6_><
6
_> ____ ___. 

The USUHS ha,, an Animal Welfare Assurance on file with the Office for Laboratory 
~;ima! We= (OLA W), National Institutes of Health (NIH). The Assurance Number is 
1m IAClJC approved the above referenced application as submitted. 

An amuaJ ~view is required for each of the three years of this prote><:ol. This rc\liew 
mu.st be completed by the anniversary date of the protocol. If work is to be continued ~t the 
expiration date, a triennial review mu.st be completed prior to the expiration date in order for 
work to be unintenupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders. it is the 
investieator's responsibility to submit afi annual review fonn (Form 3206A) at least 30 days in 
advance, or a new Fonn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MNl(b)(6) ho schedule 
a pre--protocol planninK meetingl(bX6> I This meeting must OCCW' to ensure animal numbers 
arc loaded in the CART system and LAM resources art available to meet your needs. 

cc: 
Office of Research 
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Chair, Institutional Animal 
Care and Use Committee 
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review and is consistent witih good scientific research practice. 
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STATISTICAL REVIEW: A person knowledgeable in !biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study. 
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ATTENOllNG VEJ1ER 11NAFUAJll: In accordance w,i~h the Animal Welfare Regulations. 
fthe Attending Veterlnairlan was consune.d in the 1Plannlng of procedures and 
manijpulations that may cause more than slight or momentary pain or distress, even if 
relieved by anesthetics or analgestics. 
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.ANllMAL PROTOC·OL TITLE: 
The effect ·of lraf2 and Nck lnte1racting Kinase (Tnik) k1nockout on freezing behavior in 
fear condmoning (mouse) 

GRANT 'TITLE (i1f dlfife1tent fr_i0m__albo~eJ: 

USUHS PROJECT INUIMBER:._lt6_>(
6_l __ _. 

C0·1ti_VE_STIGATOJUSJ: Dr ~(b)(6) 
TECHNICIANS{S): ._ ___ _. 

1(6)(6) lusu Neuroscience PhD cand!date 

Post traumatic stress disorder (PTSD) is a majo.r public health concern in both military 
and civilian popu'lations. According to recent research as many as 8.6% of military 
personnei re'turning from Iraq and Afghanistan 1show symptoms of PTSD lasting at least 
30 day-s f1 ~ · With so many sald1iers ll'eturning from combat there will be a high emotional 
and financial burden o:n families to support and care for these veterans. To improve 
Gl!lrrent trteatments and develop new ones it is important to determine what leads to 
individual differences between humans that lead to eith.er enhanced risk or resilience in 
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developing 1PTSD. Tfhis leads to studying genes that lead 1to the development of PTSD 
to target for future treatment. To study the genetics of fear. an ahimal model was 
developed in which mice were selectively bred over several generations to show thigh or 
low levels of fear. Looking fo'r different levels of activity in the braihs of these rodents 
one brain region 1in partilcular was found to be more active in lthe animals mor;e prone to 
fear. This brain region was the hippocampus which has long been recognized to be 
1important in learning and memory. We identified a gene that 'is highly expressed in the 
lhippocampus of these fear susoept1ible arnimals whiclh is caused Traf2 and Nck 
Interacting Kinase (Tnik). This gene has been shown in a different animal model to be 
~mportant to memory as well. 

We propose to study several aspects of this gene 1to determine how it influences fear 
metnory. We propose to aetemine how Tnik is regulated iin brain cells in the 
lhlppocampus, how Tnik affects the size, shape and composition of brain cells and how 
Tnik affiects fear memory format'ion in mice. 

Ill. BACKGROUND;. 

Post traumatic stress d1sorder {PTSQ) is a major health concern in both military and 
civillian populations with a serious umpact oin quality of 11ife as well as a large financial 
burden on individuals exp,eniencing PTSQ as well as tlheir families. One of the major 
aspects of PTSO is the onset ,of a fearlul response to situations 1involvin,g a context 
similar to tile traumatic revent which led to the development of Pi SD. Several brain 
re.g1ons have been implicated in PTSD including the amygdala, specifically the lateral 
amygdala, frontal braijn regions including the cingula 1te cortex. the thalamus and the 
hippocampus [2, 3], The hippocampus has also been more generally shown to be aro 
important brain region in leanning and memory [4-6]. With many of the symptoms of 
!PTSD being related to memory, including flashbacks, intrusive !memories, nightmares 
and amnesia the importance of me hifppocampus in the symptoms of PTSD is apparent 
[2~. 

To investigate fear memory on a 
molecular level animal models of ~ear 
memory have been created .. One major 
method for studying fear memory is fear 
'conditioning which can lbe euthet cued or 
contextual. Contextual tear conditioning 
involves placing an anim,al in a context for 
a training session and exposing them to a 
foot shock. For the test phase animals 
are placed back in the same context and 
freezing behavior, which is indicative o'f 
fear in animals., is measured. In cued fe.ar 
o·onditioni1ng an animal is placed into a 
trainJng chamber and exposed to a cue, 
usually a tone, pr1ior to receiving a foot 
shock. lhe animal is then placed into a 
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novel ccmitext and exposed to the Gue and freezing behavior is again measured. These 
paradigms are similar to symptoms of PTSD where a specific context or cue sets off 
a1m<iety lilke b'ehavior in a person with PTSD. 

A recent animal model has been developed in which an intercross line of mice are 
selectiveJy bred for several generations based on their performance on a fear 
eo,nditloning task [7] . This led to both fear susceptible (FS) and fear resilient (FR) 
animals who display high ,or low levels of freezing respectively. Utilizing ihese FR and 
FS mice researchers have identified several quantitative trait loci (QTL) specific to the 
different lines belleved to underlie the observed phenotypes [7]. These include genes in 
both the prefrontal cortex as well as the amygt;lala [8. 9]. Functional imaging work done 
with these mice 1h the 'lab of Or.116)(6) lat USlJ have displayed functional 
differences between the FS and FR mice [l O]. Interestingly wtiile the researchers 
anticipated differences in the amygda:la tile only significant differences fauhd were 
actually in several regions of the hippocampus lnciuding the dorsal hippocampus. dorsal 
and v,elfitral CA 1 as well as CA2 (Figure 1 ). Since differences In actiVity have been 
observed in the hippocampus work into understanding the molecular mechanisms 
1underlying these functional differences are important in determining what drives the 
behavioral diner,ences between the FS and FR mice. 

Recent work in our lab utilizing hippocarnpal tissue from FS and FR mice and RNA 
sequencing has r.evealed a pattern of genes showing differential expression. Among 
these genes differerntlally expressed in the FS and FR mice we identified a group of 
gt1.lrues which have been recently shown to affect neuronal morpheilogy, synaptic activity 
and memory performance. Two of these genes. Traf and NcK interacting kinase 2 
(lnik) and cytoplasmic linker assoc~ated protein 2, (Clasp2) are more highly expressed 
in the FS rerlatlve to the FR mice. These genes were identified by RNA sequencing and 
confi1rmed by qPCR. 

Tnlk 

Receinfly Tnik has been identified 
as an important signaling molecule in 
hippocampal neurons through 
research conducted on a TniK 
krnockout animal [ 11 ), Work with this 
tkrnockout animal 11ine has shown that 
Tnik is essential for the incorpor;ation 
of AMPA rec,eptors into the post 
synaptic dens~ty and absence of Tnik 
lead:s to a decrease in synaptic 
plasticity. The knockout mice also 
disp~ay deficits in spatial learning and 
memory which have been shown to 
be ,dependent on hippocampal 
neuronal funcUon [11]. Tnik 
expression has been shown to be 
highly regionally specific to regions 
CA 1 a1r'ld the molecular cell layer of 
the dentate gyrus in ~he hippocampus 

f lllMll i, Tnel.ll lm.ig~>t. <ire from lr1e Allen Billi• Nlas rn•u"~"> f O(l· All.is Mi1Jdle 
ISH i""'9• of mou.e tllU> L1tle1eo W1tn Clasp2 specific drrlCIXly. Sollam-ISH rmage 
lrom mouse br!rn slite 1a1:1e1eo liitn T~lk ~pec1fic anuooay rr111s~ 1maqes sna.v 111gnly 
n,jloojjJy :speallt e,.Pre•S1Pn oi Tn1K rc~lmteuto tne CA1 area ofl~e hlppocami;..~ 
.ano Ifie gr;inu1e tt!l1 tiye1 Mlhl/-der~a.e ~yrus wl11(.fi dri! two dreas lmpo11.an1 to 
memory formation ana C1>nsolo:Jallon 

(IFigUire 2, Allen 8rain Atlas), These re~ions have been shown to be important in the 
formation of fear memory as false tear memories to a novel context have been created 
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via activation of neurons of the CA 1 region of the hippocampus during fear conditioning 
[12]. 

Currently we propose performing fear conditioning experiments in a Tnik knockout 
animal to determine what role Tnik plays in the formation of fear memories. We will be 
performing both cued and contextual fear conditioning. Using these same knockout 
animals we intend to analyze slices for synaptic composition and neuronal morphology. 

11.2. literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: 
Biomedical Research Database (BRO) 
Federal Research in Progress (FEDRIP) 
PubMed 

11.2.2. Date of Search: 
3/14/2014 

11.2.3. Period of Search: 
1950 to present 

11.2.4. Key Words and Search Strategy: 
We did advanced searches of all databases with the following keywords: 
Traf2 and Nck Interacting Kinase (Tnik) fear conditioning 
Traf2 and Nck Interacting Kinase (Tnik) hippocampus 
Traf2 and Nck Interacting Kinase (Tnik) memory 
Traf2 and Nck Interacting Kinase (Tnik) knockout 

11.2.5. Results of Search: 
There is only one article published pertaining to the Tnik knockout animal. It found a 
spatial memory deficit but did not do any research with fear memory. Tnik has been 
shown to associate with proteins in the post synaptic density including DISC1 which has 
been found to be related to schizophrenia [13]. Tnik has also been found to drive AMPA 
receptor trafficking in hippocampal neurons which is also related to fear memory [11 ]. 
Traf2 and Nck Interacting Kinase (Tnik) fear conditioning- 0 results 
Traf2 and Nck Interacting Kinase (Tnik) hippocampus- 2 results 
Traf2 and Nck Interacting Kinase (Tnik) memory- 1 result 
Traf2 and Nck Interacting Kinase (Tnik) knockout- 2 results 

Ill. OBJECTIVE\HYPOTHESIS: 
We believe that Tnik knockout animals will display learning deficits in contextual fear 
conditioning experiments as shown by decreases in freezing behavior. We also 
anticipate that neurons in Tnik knockout animals will have fewer projections and 
decreased cell body size when compared to control. 

IV. MILITARY RELEVANCE: 
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PTSD affects approximately 8.6% of individuals returning from combat missions in Iraq 
and Afghanistan (14]. New treatments for these returning soldiers with greater efficacy 
need to be created to aid in their transition back to civilian Hfe and to improve their 
quality of life post deployment. To aid in the creation of new treatments the molecular 
mechanisms leading to increased risk or resilience of developing PTSD symptoms is 
being investigated. Fear memory in animals is used to mimic symptoms of PTSD in 
humans for research purposes. To study the genetics under1ying fear memory an 
animal model of fear susceptible and fear resilient animals was developed. This gene 
was identified using deep sequencing technology using hippocampal tissue from these 
animals. By studying the genetics of fear memory researchers hope to identify new 
molecular targets for treating soldiers returning home from combat with symptoms of 
PTSD. This gene serves as a viable candidate for treatment if it is confirmed to be 
involved in the molecular processes leading to increased susceptibility to fear. Our 
current proposed research aims to determine what effect this gene has on hippocampal 
structure and function and how this affects the formation of fear memories in rodents. 
Confirmation that this gene is important in fear memory development will help determine 
if it is a vlable candidate for human PTSO treatment. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

V.1.1. Experiment 1: Experimental Design and General Procedures: 

In experiment 1 we will determine the behavioral differences between Tnik knockout 
animals and their wild type littermate controls. We will do this by assessing the 
differences in freezing behavior of these 2 groups in contextual and cued fear 
conditioning experiments. We will also test basic locomotion and anxiety prior to fear 
conditioning. 

Experimental Timeline. Male mutant and wild type (WT) adult mice (approximately 4 
months) will be tested on the behavioral paradigms (open field, elevated plus maze, 
contextual and cued fear conditioning) according to the details below. Animals will 
receive 3 days of rest between the open field and elevated plus maze tasks. Fear 
conditioning will begin 3 days following the elevated plus maze. 

Open Field. Open field locomotor activity will be measured using an Accuscan 
Electronics Digiscan infrared photocell system. Animals are placed singly in a 20 x 20 x 
30 cm clear Plexiglas arena and a Plexiglas lid with multiple ventilation holes placed on 
top of the arena. Data are automatically gathered and transmitted to a computer 
operating the Fusion 3.4 software system for data collection and analyses. The 
interfaced software measures two dozen activity variables, including total distance and 
horizontal and vertical activity. Chambers are cleaned between subjects. The duration 
of locomotor activity testing is 120 min per session. 

Elevated Plus Maze. The EPM is a widely used a measure of anxiety. Mice will be 
placed individually on the center platform facing a closed arm and allowed to explore 
the maze for 5 min. Behavior will be videotaped via closed circuit TV camera for 
scoring. Behaviors scored include: percent time spent in the open arms [(time spent in 
open arms/total time) X100}, percentage of open arm entries [(open arm entries/total 
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arm entnies) X100], and percentage of closed arm entries [(closed arm entries/total arm 
entries) X 100]. Percent time spent in the open arms and percentage of open arm 
entries are chosen to index anxiety. 

Fear Conditioning. Animals will be habituated for 10 minutes in each context the 
day prior to conditioning. Approximately 15 animals will be used per c-0ndition (n=15, 
N=30, Power Ai"1alysis explanation under heading V.2), The intensity and duration of 
foot shocks was piloted previously in Dr.fbK6) l1ab at the Uniformed Services 
University. This paradigm has been shown to reliably induce a lasting fear response in 
mice. 

Day 1: Habituation 
10 minute~ in eacti 

context 

Dey 2: CoM1ltorung 
Context A· 3 
pairings of 

tone/shock: (0.8mA) 

Day 3: Contextual 
Fear Tesl 

Context A· 15 minute 
I rial 

t~r·eez1na measured) 

Day 4. Cued Fear Test 
Conlext B- 20 minute 

trial 1 O 30 second tone-s 
(freezing measured) 

Contextual Fear Conditioning. Mice will be placed in a conditioning chamber (context 
A) for training for 2 minutes rprior to onset of the conditior'led stimulus (tone). The 
conditioned stimulus w111 last for 30 seconds prior to the onset of the unconditioned 
stimulus (fool ·shock, 0 .8 mA) which will coincide with the last 2 seconds of the 
conditioned stiimulus. The mice will then remain in the chamber for an additional 30 
seconds prior to onset of the next trial. Three training trials will be performed. Mice will 
then be tested 24 hours later for freezing behavior (lack of movement for at least 5 
seconds) in a 15 minute trial in the conditioning chamber (context A) [15]. 

Cued Fear Conditioning. Following conditioning and 24 hours after the contextual 
fear testing mice will be placed in a novel context (context B) and presented with the 
cue (tone) from the conditioning phase. Ten presentations of the tone will be presented 
at random intervals following a 3 minute habituation period . Freezing behavior will be 
assessed in this 20 minute test phase as well. 

V.1.2. EXR9tlm_e_o_t2: 
~ n experiment 2 we will perform 1RNA :sequencing analysis of h1ppocampal tissue 

from knockout animals and wild type littermates before and after conditioning 
e:icperiments from e.)(periment 1. This will lead to the comparison of transcriplomes from 
four different groups: !knockout before condiUo.ning1 knockout after conditioning, wild 
type before conditicnilFlg and wild type after conditioning. 

Experimental Timeline, cDNA libraries will be prepared from hippocampal tissue of 
each animal from experiment 1 (apptoxirnate1ly 4 mon'ths). Separately a group of 30 
animals (15 KO ,a111d 15 WT) that have not undergone behavioral experiments will also 
be selected for RNA sequencing. This will lead to 60 total animals, 30 from the 
behavioral experiments (all of which will also undergo RNA sequencing of hippocampal 
tissue) and an additional 30 animals that have not been fear conditioned for sequencing 
experiments. 

RNA Sequencing. Hippocampi of mice Will be isolated 24 hours following either 
training or the test phase of fear conditioning. Briefly, mice will be anesthetized, 
decapitated and their hippocamp1 will be isolated by micro dissection. Brains will be 
placed in Qiazol (Oiagen) and homogenized prior to RNA isolation using the RNAeasy 
Mini kit. cDNA Will be generated from RNA s.amples using reverse transcriptase PCR. 
cDNA libraries for sequencing will be prepared using the lllumina library preparation kit 
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and clustered to a flow cell for sequencing on the cBot system. Following clustering 
paired end reads will be obtained on the lllumina deep sequencing platform. 

V.2. Data Analysis: 
Open Field. Total distance, horizontal and vertical activity and percent time spent in 

center will be compared between the 2 groups. 
EPM. Behaviors to be compared between the 2 groups include: percent time spent 

in the open arms [(time spent in open arms/total time) X100], percentage of open arm 
entries [(open arm entries/total arm entries) X100], and percentage of closed arm 
entries [{closed arm entries/total arm entries) X 100]. 

Fear Conditioning Analysis. The freezing behavior in the 2 conditions will be 
compared with a t-test comparing total time freezing. 

RNA Sequencing Analysis. Base calls will be made using CASAVA. All subsequent 
analyses will be performed using tools in Galaxy (Tophat2 and Cuffiinks). Differential 
gene expression analysis and visualization will be performed using GenePattern. 
Differential analysis will be performed comparing both the effects of conditioning on 
gene expression (conditioned animals versus na"ive) as well as the comparison of Tnik -
/-and WT littermates both before and after fear conditioning. 

Group Size Calculation. Group numbers were calculated using G Power software 
(a=0.05, ~=0.95) (16}. Several different effect sizes were derived from the literature for 
calculations (d=1.2-1.5) [17-19]. These effects seizes were drawn from literature 
performing contextual fear conditioning in animals with genetic knockouts shown to 
have effects on hippocampal function. This range of effect sizes gave us a range of 11-
16 anima Is required to give sufficient power for our fear conditioning experiments. If 
significance in our results is achieved before all animals are utilized remaining animals 
will not be required for our experiments. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered; 
These experiments are part of a larger project in which cell culture experiments will 

be utilized whenever possible to reduce the number of animals used. For the behavioral 
experiments animals must be utilized as there are no alternatives. The RNA sequencing 
experiments are being proposed to make further use of the animals that have already 
been used for the behavioral experiments. 

V.3.2. Animal Model and Species Justification: 
This is the only commercially available animal with a genetic deletion of Tnik. This is 

why we have selected this animal to determine the role that Tnik plays in the formation 
of different types of fear memory. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 
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V.3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V.3.3.4. Age: 8-1 O weeks 

V.3.3.5. Weight: 25~40 g 

V.3.3.6. Sex: Male 

V.3.3.7. Special 
Considerations: NIA 

B6NTac;B6N-
Atm 1 Brd Tn iktrl1JajEUCOMM)Wtsi IWtsiB iat 

Colony to be maintained at USU 

V.3.4. Number of Anlmals Required (by Species): 
We will utilize 60 male mice total for experiments #1 
and #2. 

V.3.5. Refinement, Reduction, Replacement (3 Rs): 

V.3.5.1. Reflnement: 
Fear conditioning is well established in mice and we anticipate that behavioral 
differences will be easiest to attain in this model. Also the only available genetic 
knockout is a mouse so this model is the only animal available for our experiments. 
Measures cannot be taken to relieve the temporary distress of animals during fear 
conditioning because this will interfere with the behavioral paradigm we have selected. 
The foot shock and associated minor and temporary pain associated with it are required 
for the induction of fear memory. 

V.3.5.2. Reduction: 
The number of animals we anticipate using in these experiments is derived from 
literature on fear conditioning in mice. We will also be using over1apping animals for 
both contextual and cued fear conditioning as well as sequencing to reduce the number 
of animals used. 

V.3.5.3. Replacement: 
All the parts of this project in which cell line work could replace or pilot test animal work 
we have already done so. The remaining portion proposed here cannot be done without 
an animal model. This mouse model is the only genetic knockout for Tnik available. 

V.4. Technical Methods: Experiment #1 -
Open Field. Open field locomotor activity will be measured using an Accuscan 

Electronics Digiscan infrared photocell system. Animals are placed singly in a 20 x 20 x 
30 cm clear Plexiglas arena and a Plexiglas lid with multiple ventilation holes placed on 
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top of the arena. Data are automatically gathered and transmitted to a computer 
operating the Fusion 3.4 software system for data collection and analyses. The 
interfaced software measures two dozen activity variables, including total distance and 
horizontal and vertical activity. Chambers are cleaned between subjects . The duration 
of locomotor activity testing is 120 min per session. 

Elevated Plus Maze. The EPM is a widely used a measure of anxiety. Mice will be 
placed individually on the center platform facing a closed arm and allowed to explore 
the maze for 5 min. Behavior will be videotaped via closed circuit TV camera for 
scoring. Behaviors scored include: percent time spent in the open arms [(time spent in 
open arms/total time) X100], percentage of open arm entries [{open arm entries/total 
arm entiries) X100]. and percentage of dosed arm entries [(closed arm entries/tota l arm 
entries} X 1 OOJ. Percent time spent in the open arms and percentage of open arm 
entries aire chosen to lt1dex anxiety. 

Contextual F,·ear Conditioning, Mice will be placed in a conditioning chamber (context 
A) for tra1ining for 2 minutes prior to onset ·Of the conditioned st1muhJs (tone). The 
conditioned stimulus will last for 30 seconds prior to the onset of the unconditioned 
stimulus (foot shock. CLS mA) which will coincide with the last 2 seconds of the 
conditioned stimulus. The mice will then remain in the chamber for an additional 30 
seconds prior to onset of the next trial. Three training trials will be performed. Mice will 
then be tested 24 hours later for freezing behavior (lack of movement for at least 5 
seconds) 1in a 15 minute trial in the conditioning chamber (context A) [15). 

Cusd Fear Conditioning. Following conditioning and 24 hours after the contex1ual 
fear testing mice will be placed in a novel context (context B) and presented with the 
cue (tone) from the conditioning phase. Following a 3 minute habituation period animals 
Will be presented the tone 1 O times at random intervals. Freezing behavior will be 
assessed in this 20 minute test phase as well. 

Experiment #2 - Subjects will be given ketamine and xylaz.ine as the sedative and 
anesthetic. Animals will be injected (i.p.) with 80 mg/kg of Ketamine and 10 mg/kg 
Xytazine using a 26-gauge needle. Once an adequate depth of anesthesia has been 
confirmed by lack of response to toe pinch, the mice will be decapitated. The brain will 
be removed from the cranium and freshly frozen under dry ice before sectioning and 
micropunchlng hiippocampal tissue for isolating total! RNA using Tri:zol and Qiagen 
columns. 

V.4.1. Pain I Distress AssessJITLent: 

V.4.1.1. AIPHJS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1 .1.1.3. Column E: 
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V.4.1.2. Pain Relief I Prevention: 
No measures can be taken to alleviate pain because the painful stimulus is required for 
the induction of fear memory. 

V .4.1.2.1. Anesthesia/ Anal ges lafTrangu i liza ti on: 
Prior to brain removal and hippocampal dissection, ketamine and xylazine will be used 
as the sedative and anesthetic. Animals will be injected (i.p.) with 80 mg/kg of 
Ketamine and 10 mg/kg Xylazine using a 26...gauge needle. The total volume of injected 
anesthetic depends on the weight of the animal. For example, a 25 gram mouse will 
receive a single i.p. injection of 20 µI ketamine (from a 100 mg/ml stock} plus 250 µI 
xylazine (from a 1 mg/ml stock). 

V.4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: N/A 

V.4.1.2.3. Paralvtics: 
N/A 

V.4.1.3. Literature Search for AJtematlves to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: 
PubMed 

V.4.1.3.2. Date of Search: 
3/18/14 

V.4.1.3.3. Period of Search: 
1950-Present 

V.4.1.3.4. Key Words of Search: 
Fear conditioning 
Foot shock 
Predator Odor 
Air Puff 

V.4.1.3.5. Results of Search: 
While there are alternatives to foot shocking as the unconditioned stimulus for fear 
conditioning including air puffs and predator odor these also lead to similar stress on the 
animal as foot shocks. In addition fear conditioning utilizing foot shocks is the most 
established and commonly used form of conditioning used to date. No measures can be 
taken to alleviate pain because the painful stimulus is required for the induction of fear 
memory. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
Fear conditioning is commonly used as a model of fear memory. The foot shocks do not 
cause any physical damage to the animals and the pain is necessary for inducing a fear 
memory. 
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V.4.2. Prolonged Restraint: 
N/A 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: 
N/A 

V.4.3.2. Procedure: 
N/A 

V.4.3.3. Post-surgical Provisions: 
N/A 

V.4.3.4. Location: 
N/A 

V.4.3.5. Surgeon: 
N/A 

V.4.3.6. Multiple Ma!or Survival Operative Procedures: 

V.4.3.6.1. Procedures: 
N/A 

V.4.3.6.2. Scientific Justification: 
N/A 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: 
Ketamine (80mg/kg) and xylazine (10mg/kg) will be injected IP using a 26-gauge 
needle. The total volume of injected anesthetic depends on the weight of the animal. 
For example, a 25 gram mouse will receive a single i.p. injection of 20 µI ketamine (from 
a 100 mg/ml stock) plus 250 µI xylazine (from a 1 mg/ml stock). 

V.4.4.2. Biosamples: 
Total RNA from hippocampaf brain regions. Hippocampi of mice will be isolated 24 
hours following either training or the test phase of fear conditioning. Briefly, mice will be 
anesthetized, decapitated and their hippocampi will be isolated by micro dissection. 
Brain tissue will be placed in Oiazol (Qiagen) and homogenized prior to RNA isolation 
using the RNAeasy Mini kit. 

V.4.4.3. Adjuvants: 
N/A 

V.4.4.4. Monoclonal Antibody (MAbs) Production: 
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N/A 

V.4 .4.5. Animal Identification : 
Animals will be identified with ·cage cards throughout this study. 

V.4.4 .6. Behavie tal Studies~ See section V.1.1. 

V.4.4.7. Qtb_eLPto_c_edures: NIA 

V.4.4.8. Tissue Sharing: 
No tissue sharing will take place on this project. 

V.4.5. Stt.1dl£ Endpoin t : 
All animalls wm be eutharnized and tissue will be isolated following completion of the 
behavioral portion ·of the experhnents. If animals display any signs such as dramatic 
weight loss (>20% compared to cagemates), lethargy, squinting, ruffled fur they will be 
1removed from the study immediately and euthan1zed by C02 inhalation in the LAM. 

V.4.6. Euthanasia: 
Subjects will be rgiven ketamine and xylazine as the sedative and anesthetic. Animals 
will be injected (i.p.) with 80 mg/Kg of Ketamine and 10 mg/kg Xylazine using a 26-
ga:uge needle. Once an adequate depth of anesthesia has been confirmed by lack of 
response to toe pinch, the mice will be decapitated. 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations; Except as noted below. routine animal husbandry 
will be provided in accordance with LAM Husband!')/ SOPs for each species in this 
protocol. 

V.5.1.1. Study Room: 

Building'(s) ------

V.5.1.2. SpJt.cJa_I Husbandp;y !Provisions.: 

Fhdd Rcestriction~ 

V.5.1.3. E>cceptiOlilS: 
NIA 

V.'5.2. Veterinar:y M_edical Car-a: 

Yes 

Yes 

V.5.2.1. Routine Veterinary Medical Care: 

ltb)(a) L 
Room Number(s)._ _____ _,_ 

No x 

No x 

LAM personnel will provide routine cilecks for health and general husbandry at least 
once/day. A LAM veterinarian will evaluate any animals exhibiting signs of illness (such 
as ruffled coat. hunched, squinting, loss of >20% weight loss .. . etc). Animals will 
typically be monitored for changes in body weight, behavior, appetite, excretion, hair 
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ooat, etc. After consulting with the Pl (if available), moribund animals will be euthanized 
as described. ,Animal$ will a11so be checked on by the Pl or a member of the lab on a 
daily basis and any issues concerning animal health will be brought to the veterinarians' 
attention. 

v .. s.2,.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two anlma~ husbandry technicians. one or more veterinary 
technicians, and ati on-call veterinanian, ~ssentia l husbandry procedures and health 
rnunds are conducted by LAM personnel once dally during weekend and holidays. 

V.5.3. E_nvironmental E,nrfchment: 

V.5.3;1. Enrlchment Stralte,gy; Exoept as indicated below, all animals on this 
protocoJ will be provided with routine en..Aronmental enrichment in accordance with LAM 
SO'Ps anid IACUC Poillcles. Ex-amples include nestlets and tunnels for rodents. 

V.5.3.2. Enriclhment IRestriction~= 
NIA 

VI. snnrv eEfRSO_hl.NEL Q_U~1lElCAILON$ ANO TRAINIJNG: 

STUDY PERSONNEL QUALIFICATlONS/TRAlNING 

Protocol activity or procedure 
(e.g., 'tail ve1n lfijectlons, Nlame of person 

euthanasi~) pel'formii'IQ acti111tv 
Open !Field Testing \0}\D) 

Elevated !Plus Maze 
Fear conditioning 

USUHS Foon 3206 - :Revt5ed October 2004 
Previous varsions are obsol.ita 

Qualifi~Uons of 
rperson performing 

activity (e.g .. research 
teehnleian, 2 yrs 

exoerience\ 
graduate student 
(4 years) 

Pl, 12 years 
experience 

17 years of 
experience in 
animal research 

Conducted animal 
research ,at 
University of 
Alberta. Canada, 
and UTSW 
Medical Center at 

Specific training in this 
activity or procedure 
(e.g., rodent handling 

class 1999) 
USU Investigator 
Training Course 
2011 

iralnlng_from Dr. 
l(b)(6) Ila ti, 
2000: usu 
Investigator 
Training Course 
2012 
Attended all the 
training classes 
required by USU 
in order to be 
approved to 
conduct animal 
research on Oct 
19, 2010. 
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Euthanasia/Hippocampal (bX > 

Dissection 

VII. BIOHAZARDS/SAFETY: 

Dallas. TX. 
graduate student 
(4 years) 

Pl, 12 years 
experience 

USU Investigator 
Training Course 
2011 
Training from Dr. 

116)(6) •ab. 
2000; usu 
Investigator 
Training Course 
2012 

All personnel handling animals will use protective gloves. lab coat, and masks at all 
t imes to minimize exposure to allergens and agents used during experimental 
procedures. 

VIII . ENCLOSURES: 
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~X. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
!Provide sssu1rances tor the follcW:ing ~ 

A. Animal Use: The animals authorized for use in this protocol will be used only In 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

8. OupUcation of Effort: I have made a reasonable, good faith effort to ensure that 
this protoco.I is not an unnecessary duplication of previous experiments. 

C. ShdilSt~tal Assurance: I assure that II have consulted with an individual who is 
quallfied to evaluate tlhe :statistical design or strategy of this proposal, and that the 
"minimum numlber of .animals needed for scientific validity are used." 

0. Briohazard\Safety; I have taKen into consideration and made the proper 
ooordinations regarding all app'licable rules and regulations concerning radiation 
protection, biosafety, reeombinant issues, and so forth, in the preparation of this 
protocol. 

E. Trail'iiing: I verify that the personnel performing the animal procedures I 
manipulations I o!bservations described in this protocol are technically competent and 
lhave been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a resuilt of the procedures I manipulations. 

f .. ftr1lning: I verify that I have attended the USUHS Investigator/Animal User 

rJ_.· ~wpo c:ours:e _ t/¥frt 
Cale 

G. 1'ralnfng: The folJowing personnel will attend the next USUHS 
lnvestlgatcr/Animal User Training Course: 

r){llJ I ... ~~~ 
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H. R•~pontlbility: 1 acknowledge tne inherent moral, ethical and administrative 
obligations associated with the performanGe of this anirnsl use protocol. and I assure 
'that all individuals assa~iated wiU1 this project will demonstrate a concern for the health, 
comfort, welfare; and well~being of the research animals, Additionally, I pledge to 
conduct thi!5 &tlJcly In the spirit oflhe fe>urtli '1R" that the DOD has embraced. namely, 
"Responsibility'' for implementing animal use 11tematives where fea~iofe and conducting 
humane ioJ(~; -~ ··~ . L 

-

I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momen,tary or slight pain or distress to an1irnals. This potential pain and/or distl"ess 
WILi.. orr WILL NOT be relieved with the use of anesthetics, analgesics and/or 
trahquUizers. I have coMidered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I hav~ determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 
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X. PROTOCOi- ABSTRACT~ 
Abstract. Post traumatic stress disorder (PTSD) is a major health conrrern with high 
economic and quality of life conc:erns for both military and civilian populations. Intrusive 
fearful tihoughts and memones are one of the hallntarks· of PTSD. Accordingly, animat 
models of fear memory are usea to investigate this aspect of PTSD in a controlled setting. 
In a rec·ent high throughput transcript sequencing study of the nippocampus of an animal 
model disiplaying high and low fear .several genes were identified which are differentially 
expressed. Of these genes one candidate, Traf2 and NcK interacting kinase (Tnik) has 
been discovered with regionally specific expression in the hippocampus and known 
functions rrelated to synaptic plasticity and neuronal morphology. We pmpose a series of 
e.xperiments investigating ht>w this gene affe<Jts fear memory formation. We propose 
experiments in a mutant mouse lacking Tnik expression where performance on fear 
memory tasks will be assessed. We will also examine the transcriptornes of Tnik ·/wand WT 
animals to determine what genes are altered by Tnik activity. The proposed experiments 
will lead to a greater understanding of the underlying cellular mechanisms affecting fear 
memory formation which will 'funher our understanding of inter individual differences 
determi1ning risk of developing PTSD. 

A. Anlm_aJ-2.rnJJ:i_c_Q'LM u_rrtb_e1: 

8. Animal Pr:_o_tocol Ti.Ue: 
The effect 1of Traf2 and Nck Interacting Kinase (Tnik) knockout on freezing behavior in fear 
conditioning (mouse) 

c. Principal lnve_stlgator; 
01(6)(6) IPhD (Anatomy, Physiology and Genetics*USUHS) 

D. PerfoFmiing Organi~ation: 
Uniformed Services University of the Health Sciences 

E. Funding: 
USU HS 

F. Obiective and Aeeroa.eh: 
Post traumatic stress dis1orcier (PTSD) is a major public health concern in both military and 
1civillian populations with as many as 8.5°/o of military personnel returning from Iraq and 
Afghanistan with symptoms of PTSD [1]. To improve current treatments and develop new 
ones it is important to determine what leads to individual differences between humans that 
~ead to either enhanced risk or resilience in developing PTSD. To study the genetics of 
fear, arn animal model was deve'loped in which mice were selectively bred over several 
generation-s to show high or low levels of fear. Looking for different levels of activity in the 
brains of these rodents one brain region in particular was found to be more active in the 
animals more prone to fear. This brain region was the hippocampus which has long been 
recogni2led to be important in learning and memory. We identified a gene that ls highfy 
expressed in the hip:pocampus of these fear susceptible animals which is cau$ed Traf2 and 
Nck l1nteracting Kinase (Tnik), This gene has been shown in a different animal model to be 
important to memory as well. 
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We propose to study several aspects of this gene to determine how it influences fear 
memory. We propose to determine how Tnik affects the genetic composition of brain cells 
and how Tnik affects fear memory formation in mice. We will do this by assessing 
performance on fear conditioning tasks in a mutant line of mice that does not express Tnik. 
We will compare the level of fear shown by these mutant animals to normal controls. We 
will also perform RNA sequencing to determine how the absence of Tnik signaling affects 
the expression of other genes in neurons. 

G. Indexing Terms (Descriptors): 
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UNIFORMED SERVICES UNIVERSIT'{ OF THE HEAL TH SCIENCES 
4301 JONES BRIDGE ROAD 

BETI-ESOA, MARYLAND 20814-4799 

MEMORANDUM FOR :bb)(BJ 

PHYSIOLOGY, OENE'l'ICS 

October 16, 2014 

loEPARTMENTOF ANATOMY, 

:SUBJECf: l.ACUC Approval of Protocol-Initial Review 

The following application was re-viewed and approved hy the Uniformed Services 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
:(JIACUC) via Designated Member Review on October 16. 2014: 

Animal Protocol TiUe: "Evaluation of the Effects of Multiple Blast- or Conct1ssive-Brain Injuries 
on Neurnpathological and Behavioral Outcomes in Male and Female Mice (Mus musculus)" 

USUllS Protocol Number: ..... l<6_)(e_) ___ _.. 

Exnirntion Date: October 15. 2017 

Supporting Grant(s) Number: l .... (b_R5_) __ ..... 

Name of'Prin<:ipal Iovcstigutot: Or~ .... (6_)(6_) _____ __, 

The USUHS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal Welfare (OLA W), National Institutes of Health (NlH). The Assurance Number is 

j<6H6
> I The lAClJC approved the above referenced application ltS submitted. 

An annual review is ieqoired for each of the three years of this protocol. lltis review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a trieonial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the l.!\COC may send reminders, it is the 
invest4gator',s responsibility to submit an annual review form (Form J206A) at least 30 days in 
advance, or a new Form 3206 for triefiflial review at least 60 days in advance of expiration, 

Prior to JPl~111g yo~ iipgt
6
animgl order, please ~on tact MA~(b)(5l . l.o schedule a 

pre~protocol plannmg meetml_)(l) . I This meeting must occur to ensure ani.mal numbers 
are loaded in the CART system and LAM re.sournes arn available to meet your needs. 

f b)(6) ~J) 

ll~H6) ~h.D. • 
Vice-Chair, Institutional Animal 

Care and Use Committee 
cc: 
Office of Research 
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USUHS FORM 3206 
ANl~IALSTUDYPROPOSAL 
PROTOCOL COVER SHEET 

PROTOCOL NUM.BER: ..... f6_>t
5
_> ___ ____, 

IACUC Date Stamp 

PRQTOC()l ... Tffl,E: Evaluation of the effects of multiple blast· or concussive-brain injuries 
on neuropatholog1cal and behavioral outcomes in male and female mice (Mus musculus) 

GRANT 'rfTLE (;if diffcrenit from above): CNRM Pre-Clinical Studies Core 

USUHS;p,JlOiffiCT l\l{Jl\fBER: .... l(6_><
0

_J -~ 

FUNDIING AGENCY~ Center for Neuroscience and Reecncrative Medicine 

EARLIES..T_ANTICTP A rEn_fUNJlING. SIA.IP A TE: Ongoing 

PRINCllPAJL INVESTIGATO.R:r
116

> 1Ph.D. 

r·~ I· ____ AP_ O___. _ 1(b)(6) l 
I . Department ~'ftice/Lab 1 elephonc 

1-J"l'i 
Date 

Research Uni 
1fyped Narne: 

Title 
APO ~Jb>_t6> __ ---o=I. ffi. 0 d-~61 tf 

Telephone Date 

--~~~~~~~~~__. 

STATISTICAL REVlEW: A person knowledgeable in biostatistics reviewed this proposal to 
ensure that the numlber of animals use.d is appropriate to obtain sufficient data and/or is not 
excessive, and the statistical design is appropriate for the intent of the study. 

~
16)(6) 

St 
f,,__ ________ __, 

APO 
~ a -L______J_ ___ ,-_3 ._, [,__ 

Telephone Date 
Department 

ATTENDJNG VEiERlNARIAN: Jn accordance with the Animal Welfare Regulations. the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may 
cause more than slight or momentary pain or distress. even if relieved by anesthetics or 
analgesics. 

Attending/Consulting VeteriniifJn Signature 
Typed Namel(b)(OJ IVMD 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

LAM __ 1<s_x_6> _____ _ 

Department Telephone 

1-t:/-lc/ 
Date 

1 



ANIMAL PIROTOCOL 11.1JMBER: l'-<
6

>_l
6_) ___ ........,. 

PR.ll'iCl.PAL INYESTIGATOR~ ... 15_><
5_1 ____ _,!Ph.D. 

ANIMAL PROTOCOL TITLE.: Evaluation of the effects of multiple blast- or concussive· 
brain injuries Of.I neuropathological and behavioral outcomes in male and female mice (.Mus 
muse:ulus) 

,GRA1''T TITLE Cl/ different from a.bovt1): CNRM Pre-Clinical Stu<lies Core 

. 1(6)(6) 
lJSURS PIRO.JECT NUMBER:i._ ___ _, 

,CO-JNVES1r.IGATOR(S): 

J.. NON-TECH1'1CAL SYNOPSIS; 
The goal of this :reseairch is to evaluate and compare the brain <Uld behavioral effects of 

trammlltic brain injury (TBI) in male and female mice. TBI will be produced using one of two 
models related to TB! from explosions (no explosions are actually used). or using one of two 
re~atcd to concussions caused by a head injury. Each mouse will he exposed to one of these 
injury methods one, three Of five times. PerfrH1t1ance on behavioral tests will be evaluated ahet 
TBl, as will brain chnnges using magnetic resonance ir'naging (MRI), microscope ''histology" 
and molecular biology methods to evaluate pathological changes. This work is critical for 
standardizing muliipJe TBi and behavioral procedures used within the Center for Neuroscience 
and Regenerative Medicine (CNRM) Pre-Clinical Studies Core; shared facilities that are used by 
many scieniis1s lb srudy the effects of TBI. Th~ data collected from this research will be made 
availuble to CNRt\1 researchers as a guide to assist them in their choicl!s of which TBI model 
they will use in their experiments, and which behavioral tests will be appropriate for their 
experiments. In addition, Core pcrsortncl will be better trained in all of the procedures that 
researche.rs use within the facilities, and will be better prepared to help investigators perfonn TB! 
procedures and behavioral K~ts. This is an important st~p for establishing the surgical and 
'behavioral testing procedures that all investigators should follow in their experiments and for 
establishing standardized procedures so that data collecteJ b}1 different research laboratories can 
be compared. 

U. BACKGROUND~ 
11.1. Batkifound.: 

Traumatic !brain injury (TBI) is defined as the loss of brain function as the result of a 
penetrating head injury or a blow to the head. Each year over one million peopl@ in the United 
States sustain a TBI 11] and TBI accounts for a significant proportion of casualties in modem day 
war. with an estimated 15-20% of soldier.s sustaining a brain injury during their deployment [2J. 

Within the field of neurotrauma, there are currently numerous animal models described for 
inducing brain injury [3·5]. The focus ofthis protocol is on the effects of single and multiple 
concussive (closed-head) and blast-like brain injuries. The CNRM Pre-Clinical Studies Core 
currentlv has Lwo concussive injury models available to investigators for their exp~riments: CBI 
(closed~brain injury) and WDI (weight-drop injury). CBI (6, 7] is a procedure in which a. metal 
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rod mechanically strikes the surface of the skull and results in damage to the underlying conex. 
The severity of the injury is controlled by the depth of the penetration and the velocity with 
which the impactor suikes the surface. CHI induced by a w~ight-drop device LBJ is a simple and 
fast procedure in which the skull is left intact and a free-fal ling weight produces a blunt focal 
injury. The height from which the weight is dropped and the mass of the weight detem1ine the 
severity of the resulting brain injury. 

ln addition to the concussive brain irtjury mod!!ls described above, v.e will also coll!.!Ct data 
on the effects of singk or repeated exposure to the two blast-related injury models available in 
the core facilities: HJFlJ (high-intensity focused ultrasound) and ABS (advanced blast 
simulator). IJIFU [9) is a model of TBI that was developed in collnboration bctwl!<!n USUl-IS and 
the FDA, and is a non-surgical procedure that aims to simulate a blast-induced TBI: HffU 
emplo)s a high-pressure wave that passes through the scalp, skull. and brain to induce a more 
diffuse and global brain injury than those resulting from contusive or concussh·e (CBI and WDI) 
injuries. Additionally. the Core has a recently-installed Advanced Blast Simulator (ABS) for 
which procedures need to be formali1ed and anatomical and behavioral effects defined. The ABS 
produces an atmospheric overpressure shock similar to the shock -wave generated by blasts of 
explosives in combat situations. 

The ultimate goal of this resean.:h is to fonnalize the pro~edures and compare the anatomical 
and behavioral effects of the four described mclhods of inducing TBI (CUI. WOI. HlfU, ABS) 
in C57Bl/6J adult male and female mice. These injury methods arc available to CNRM 
investigators using the Pre-Clinical Studies Core, and the data that result from the experiments 
described in this protocol 'Ail I create a database of infonnation about the anatomical effects of 
TOI and the pcrfonnance of C57131/6J adult mice on a series of be~vior:il tests within the 
C~RM Pre·C'linkul Studies Core. This will aid CNRM investigators in deciding wbkh 
procedure for inducing TBI (and which behavioral tests) will be best in their experimental 
questions. In addition. this protocol will fonnalize the specific steps in handling the mice, injury 
pr01.:cdures, and executing the subsequent behavioral tests. The Core employees, in tum. will 
gain experience that v.ilJ allow them to instruct investigators in how to perfom1 the Core 
protocols. 

This protocol serves a second purpose. Although there are hundreds of pub I ished reports 
describing behavioral testing in mice after TBJ. establishing an efficient Core faci lity requires 
CNRM investigators to be skilled in using the specific equipment in the Core. An established 
database of information about surgical procedures and performance on behavioral tests after TBI 
is also necessary. The ''locul" data set that will be derived from this protocol is critical since 
previous studies have shown that it is an important step in the attempt to derive comparable data 
across research groups l l 0, 11 ). Funhermorc, a "local" data base affords an opponunity for 
statistical power calculations. providing better estimation of sample size for investigators' 
research plans with mice. 

Finally, the results of this protocol will be made available to the Core staff :md to all 
investigators using the Core to afiirm consistent use in the facility of equipment employed for 
modeling brain injury and subse4uent behavioral testing. These data \\ill be used as an initial 
continuation that investigators are properly u.sing the equipment and testing mice in a consistent 
manner that derives data that is comparable over time, across investigators, and within individual 
studies (12). as well as comparison of responses in male and female mice [13). 
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H.2. Literature Search for Duplication: 
11.'2.1. lJtiJJ_tabt_r_e_S_o_u_r_cll(_s) Searched: BRD 
11.2.2. pate of Searc,h: August 28. 2014 
11.2.3. Pe:niod of Search: 1998-2009 
U.2.·4. Key Words and Se:u•,ch Stntegy: All fields: Rodent + behavior± blast± concussion 
H.2.5. Resu~ts of Search: 
The BRD daaabase includes 1J10usands of rl!cords of previous research programs. Thi! sl!arch 
derived a torn.I of eight unique hits. 

1. Undasranding the lmpuct of Re[!ealcd nlwif Erpo.mres rm Bruin Frmt:ti<m. supported by 
M6: Comhut Casualty Care, perf'hrmance site : Duke University. Durham, NC. 

2. 8'ifety tmd Ej}icacy <~fRi'Combina111 Fa.:ror Vllt1in1he Trea1ment of Traumatic Brain 
lnjU1"Jr' in Rais. supported by M6; Combat Casualty Care, ixrformancc :site: Walter Recd 
Army Institute of Research. Silver Spring. ML>. 

3. CJP#8-06-05J The E,JJical'.V of Pharmaco/of(icai Treatment vlBlast l11iwy in u Rodcml 
,\fod1!1, supported by M6: Comb::it Casualty Care. perfom1ance site: Naval Medical 
Center San Diego, CA. 

4. Zinc .\·upplemenimion c111d Neurologic Recovery Ra1e in Ruis it·ith ,\lfi/d Tr'uumutic /Jruin 
Injury (mT/W, supp<>rteJ by MS: Human Systems Techn<>logy. performance site: U.S. 
Army Resenrch Institute or Environmental Medicine, Natick, MA. 

5. IJ/ocka~e ofNocic:eplin Signaling Retlur:e~• Biodwmkai. S1ruc1urcll, £tnd ''O!(nitfre 
DeJkit.~ (If/er Trauma1h' Brain h~;wy. supponcd by M6: Combat Casualty Care, 
pcrfomtance site: Unive-rsity bi'Oklaho111a, Colkgc of Pharmacy 

6. Treutm1tnl <?f TBJ with hormonal c.md Pharmacological Support. Precli'nkai Valide1tion 
using Diffitsl! and Mediani,•t1! TIJ/ Animal Modds. supported by Mfi: Combat Casualty 
Care. crfonnancc site: Un.iversilY or Alsbama &t Bim1in !ham 

8. 

Please note grnnts 7 and 8 were he.Id by the P.r .. supported by approve IACUC Protoco s, anc 
the work has bc,cn cornpleted. 

Conclusion: No related hits indicated there is no overlap with previous research programs in the 
OoD Nrr!ile of these programs pertained to validating the newly-designed ABS system for use in 
TBI research. 

111.2.6. Literature So~ur:_cJ)J~LSearched: NIH RePORTER 
11.2.i. Date of Search: July 17, 2014 
H.2.8. Period of Search: active p.rojects 1hrough fiscal year 2014 
111.2.9. Kev Wo~rds and Search Strategy: Rodent. behavior, blast. concussion 
111.2.10. R~sults_oJ S_jtan::J!: 
CRISP is no longer an active search engine/web site. The suggi:st!!d substitution is NlH 
RePORTER, and this site was used. The kt:yword~ rodent, behavior, blast and con~ussion 
produced one hit (Proj.;cts NIH l IOlRXOOOJSO·Ol and 5.10 I RX000380-02, Blast and blunt 
me'"·hunisms for mild-TB/ induce differing outcomes). This hit was for a project studying the 
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behavioral consequences of a single rotational injury or blast in rats. However, the project 
employed rats and was not as comprehensive as the studies l)utlined here. Conclusion; No 
related hits indicated there is no overlap with previous research federally sponsored research 
~ro.g.rams. 

11.2.11. biterature Sourte(s) Stlarched: PubMcd 
1.2. 7. Date of Searc .. h: AtlgttSl 22, 2014 
11.2.12. Period of Search: >22 miilion references: 1949-2014. 
IJ.2.13, Key_W_o_n:is_and_S_e_ar_c_h_SJtategy; (''behavior. animal"{ mesh]> AND 
''toderntia"[mesbj AND ''blast injuries"[majr) AND (11animals. laboratory"[meshJ OR "models. 
animal"fmesh]) 
11.2.14. Results of Searcb: 
l'ubMcd was used with the keywords listed. and two hits were obtained. One: of the hits 
described chronic tratnnatic encephalopathy after blast injury in veterans and also in a 1llOllse 
model of blast-inducc:J TBI [ 14] , and the other used bchavforal and imaging assays to assess 
blast-induced hearing loss in rats I 1 Sl. The P.l. is aware Qf the broader literature describing pre
clinical animal models. testing procedures. ksting sequence. and reducing overall distress (e.g .. 
[ 16-20)) and has an extensive EndNote bibliography (obtained from searches over the years) of 
relevant publications. Conclusion: Nuither <>f these (Xp<:rirnencs used lhe injury methods or 
conducted the extensive hehaviorul analyses and brain imaging that we describe in this protocol. 

I II. QBJECTIY.E\UYPOTllESIS: 
The objticti\lt or thls project is to provide: c:mpirical datu about the: ncuroputhological and 

heluivio1·al consequences of diffote.i:lt proccdlm~s of inducing multiple blast- or concussive-brain 
injuries in adult mole and female C57Bl/6J strain mice. This project also allows invescigators 
working in the Core to fo'mlalize the predsc injury methods and behavioral testing procedures 
that wm bl! employed and provide an opponunity for investigators to develop the skills for 
undetmking {he procedures. h is hWJothc.'ll:e~I that different mc:thods of inducing l'BI in mkc 
will rest1H in dillcrent puttems of behnviornl and neuropath<>logical changes. Furthermore. single 
injuries may incur little to no functional or neLITOpathologh:al consequences with more severe 
changes seen only after multiple exposures to a concussive or blast injury. 

We also expect that the establishment of formal prrn.:edures and the acQuisition of skills in the 
consistent application of procedures will c11hancc the reliability and validity of data gc:ncrated by 
investigators who use the Core facility in their research. In the short tcnn no set criteria will be 
established to directly evaluate this hypothesis in tenns of predicted quantitmive outcome. 
However, the P.l. an<l staff already have extensive experience in rodent TBl models and 
hd1avforal testing, and will us~ the data to formalize detailed cxpctimental protocols. 

JV. MILJTAR¥ RKLltVASCF:: 
The mili i ~1ry relevance of this protocol complies with chc major stated objective of lhe 

CNRM anti the establishm~nt of a CNRM rodent wrc facility at the University: "to address the 
current needs of the mc<lkal corrrmunity to better diagnose and intervene for the prevention of 
the long term consequences resulting from traumatic brain injury. particuJarly in the context 
experienced by service members in Operation IraQi Freedom (OIF) and Operation Endurins 
Fn::cdom (OEF)." Due to the use of improvised explosive devices, the nature of injuries resulting 
from the wars in AJghanistao and Iraq differ from previous wars with the signature injury being 
blast injury: it is 11'.lStjmnted that a.bout 75% of the casualties from recent conflicts in the Middle 
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East result from explosions [2 l ]. and near.ly l0.000 soldiers have been wounded in action from 
llEDs [22. 23 J. According to a respected RAND Corporation report (24 ]. as many a..5 18.5% of the 
service members returning from these conflicts meet the criteria for a diagnosis of either post
traumatic stress disorder (PTSD) or Jepression. and 19.5% of service memhers have reported 
experiencing a probable TBl during deployment. These estimates translate to approximately 
320,000 cases of ·•probable TB('' afld 300,000 Cases of reported symptoms for depression or 
PTSa. Most cuses of rBl in OIF and OEF arise from blast injury associateJ with the detonation 
of explosive devices in the fonn of non-contact closed head injury with concussive (impact) and 
primary blast wave exposure. Although there is no doubt. based on anecdotal clinical 
obsertation. that blast can induce cognitive deficits and TBI in milli.ary personnel. che exact 
mechanisms by which blast results in injury to the central nervous sysLem are unknown. 
Furthennore, the actual components of the blast wave. direct or indirect, that result in brain 
injury are also unclear. Scicmific research related to developing a better understanding of the 
biolo,giC'.tft process.ts and treatmcill for blnst-induced TBI and/or psychological trauma is 
necessary for the care of our service memb~rs. The laboratory mouse. using these injury models. 
is expectcd to advance our knowledge of biological mechanisms of hrain injury and 
psychological maladies and may lead to morl! ctlective treatment. 

V. MA1fERIALS Ai~D METHODS: 

V. I. Ex111crlmttnttd Desig,o and Geneni I Proeed ures: 

Genoral Approach: The CNRM Pre-Clinical Studies Core presently has two con.cussive
rclated TBl rnoJds available for investigators lo use in experiments with mice: dosed-brain 
injury (CUJ; pcrfonned by having a piston strike tJ1e e}(posed skull at a pre-determined location. 
velocity ::md depth [6. 7'1) and weight-drop it~ury (WDI: a free-falling weight hil<: the exposed 
skill! [8]). Two hlast-rclated injury models are also available: high-intensity focused ultmsound 
(IHlFU; similar to a primary blast injury where a high-prcssorc wave passe:s through the brain 
causing tensile distortion of brain structures, without an acceleration i nj u.ry l 9]) a11d advanc~d 
hlasl simulator (ABS: exposure to an atmospheric ov~rprcssurc shock similar to the shock wave 
gcncratC!d by blasts ol' t:xplosivcs in combat situations (in dcvctopmcnl). TBI will be induced in 
male and fomale mice using 0111: of those four methods. Each mouse will receive one. three or 
five injuries {multipll" injuri~s will be separated by 24 hours), and compared to mict= that receive 
one, llm:i: or live sham procedures. Following TBI, mice will either be evalumed on un extensive 
range of behavioral tests. sucrificcJ within one week to assess short-tcnn histopathological 
changes or changes in brain anatomy will be assessed with magnetic resonance imaging [MRI). 
The plnn for lhis prnlucol is to employ separate groups of mice in four behavioral testing 
nmdulcs, l~bclod ··Experifll~nts I a-Id" (see bclov.). In addition. separate groups of mice will he 
imaged with MRI nt three different time points altt:r the final induction ofTBI ("Experiment 2"') 
or sacrificed within one week of final TBI for assessment of short-term neuropathology 
following injury ("Experiment 3"). 

Ovcrall t:xperimental design, The basic design is to compare four injury models with three 
nunub1:rfoi of exposur~s , ap-propriate sham-operated animals, and two genders of mice. Jncluding 
male and female mil.l'c and the appropriate sham control groups. the final number of expcrimenial 
groups is 42. Statistical analyses of these groups will be limited to meaningful comparisons, e.g., 
comparing male and female behnvioral perfom1anc.e alter l, 3 or 5 exposure to HJFU or sham 
procedures. or. comparing the effe~ts of number of concussive-like brain injuries (CBI or WD I) 
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on behavioral and immunohistocbcmical measures. Full-scale studies will be perfonned to 
assess the brain anatomy at multiple time points. and to collect statistical data on the 
perfonnance of mice on ar least I 0 behavioral tests aner single or multiple TBI induced by hlast
related methods: ABS or HlFU, or concussive-type procedures: CBI or WDJ. We arc aware thar 
this is a very ambitious protocol that will likely not be completed in three years; we anticipate 
that this protocol will be re-submitted in three years to continue the studies. 

Separate groups of mice will be evaluated in one of the four groups ofhehavioral 
experiments (Experiments la-1 d). The rationale for not testing an individual mouse on all the 
behavioral test<; is that repeated testing of mice alters response patterns due to general stress, 
fatigue, '"lc!iting experience," and learning (25. 26]. Many of the tests employed in this protocol 
have the potential to cause stress to the animals (e.g .. fear conditioning and Porsolt forced-swim 
tl.-st) w1d the experiments have been designed to limit the number of potentially stressful tests to 
which each animal is exposed Lo one. This minimizes animal distress and also results in data for 
which stress is not a potential confounding variable. 

Additionally. the testing schemes have been designed to try to avoid exposing mice to more 
lhun one behavioral testing "domain." For example. the Morris water maze, Barnes maze. and 
passive avoidance tests all assess memory und cognitive performance. An auempt is made to 
a\'oid using the same animals on tests that assess similar neurological tunctions, as prior 
experience on one test within a particular ''domain" may aflect later performance on tests that 
assess simi lar functions. Nevertheless, many of th~ tests <>utlim:d below ussiess overlapping 
psychological dimensions or chaJll!ngc scwral neurological systt!ms al once. Separate behavioral 
measurements obtained during a single behavioral test can assess distinct neurological systems 
[ 10] and. when possible, mulliplc me<JSures arc recorded so that these separate neurological 
systems arc evaluated. For example. the open fidd test is one of the most common behavioral 
tests. /\ moust: is placed in a closed arena and a software program records a number of measures 
during the t<.!st. Measures of m:tivity :md motor fun,·tion include distance traveled. changes in 
activity at half the total dL1ralion of testing time. and turning rate (~lll paramet~rs captured by the 
:mllwarc:). while grooming. freezing. fecal boli. und thigmotaxis (remaining near area wull s and 
not exploring the center of the arena) rellect mLYi~ty (www.ja~.org/phcnomc. Open Field Test). 

Sequence of behavioral testing. Logistical constraints in testing procedures. animal distress 
and fatigue (hoth physical and ps)chological) require that each animal is employed on no more 
than three bchavior::il tests. Ex pcrimcnt I a is an exception to this guideline :since the majority of 
the tests arc very brief. non-strcssf ul. occur over a period of about four weeks, and have been 
proven in our prior work to be very robust in detecting tbe effects of more seven: contusivc brain 
injuries such as controlled cortical impact (CCI). In addition. when a sub-study of Experiment I 
(described below) involves more than one test. the more distressful or aversive task is scheduled 
last. in an attempt to reduce confounding of test results from previous distress. 

Strain choice. The strain choice for this protocol is the C57Bl/6J strain. The C57Bl/6.J mouse 
was selected since this strain generally performs '·average" on many behavioral tests [271. The 
data derived from the use of this strain is also perhaps most useful to CNRM investigators. The 
CS7Bl/6J mouse is an inbred strnin. providing a very high dq~rcc of genetic homogeneity (28 J 

and it is one of the traditional strains used for studies that -Y.ill eventually employ this struin as 
the '"control'' or "wild type"' condition for a related mouse strain that har0ors a transgene or gene 
·'knockout" (29. 30]. Due to the rl.!cent mandate by the NIH thnt both male and female mice be 
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included in pre-clinical animal studies (13]. both male and femaJe C57BL/6J mice will employed 
in these extieritnents. 

V.1.1. Experiment I: Neuronehal'ioral assessment of male and.female mice ajier single or 
r~epemed trc1umatit htain injury, 

Experiment 1 wilt employ sub-groups of behavioral tests (Experiments I a· Id) to assess 
fuuctiona~ deficits atkr TBI. Table l lists the numbl!r of animals needed for the entirety of 
Experiment 1. (Each sub-study of Experiment I will employ 1.00& mice, for a grand total of 
4.032 mice in. E.xpetiment I.) fewer animals will be needed for the evaluation of 
neu.ropathological and anatomical changes at multiple time po.ints after TBI using 
immunohistuchemistry and magnetic reS<mance imaging; lhc number of animals needed for these 
situdics (Experiments 2 an<l 3) arc listed in Tables 2 and 3. respectively. Note that the procedures 
used for sham controls for WDJ ai1J CBI injuries rue identical~ only one sham control group is 
needed for both injury types. 

Table 1. Experiments 1a-1 d: Short-term neuropathology following single or 
muttiple TBt 

TBJ procedure 
Male C57BlJ6J Female C57BU6J 

1X 3X sx 1X 3X sx 
CBI 96 96 96 96 96 96 
WDI 96 96 96 96 96 96 

CBliVVDt Sham 96 96 96 96 96 96 
HlFU 96 96 96 96 96 96 

HIFU Sham 96 96 96 96 96 96 
ABS 96 96 96 96 96 96 

ABS Sham 96 96 96 96 96 96 
1<'1hl<: .Y iltcludi:"\ 111ic11 jr:>F all bt-:htrvion-1/ Sfi1di11.v. E:rp1:ti111en1s !-./, Twt:11tyjour mia p1t-r group will /le 
i11duded i11 euch of the £.r:perbmm/s, res 11)1i11g in tt lofl1l of 1)6 a11imafs in l!GCh ~roup or 4,()31 animal.~.for 
all hehaviorai sttltiie.t. 

l£X!Jlcriment I u: Assessment vf r Ju.' e,Uects of bias/ and concussive-brain injuries on exploration, 
mo.fur .skirlls. an.:dety, Jearnh1g and memory and behavioral flexibility. 
Post-TB! bobav.iornl pcrfonnancc will he evaluated in mice on several well-known and widcly
uscd bchuviorol tests in Tl31 research. Testing will begin the day uflcr the final injury, and will 
continue for approximately four weeks. 

A tota[ of l ,008 mice (Table t) arc requested to measure cxplorntion in an open field 
environment (81oclting Open l'ield Arena with Any-maze Oehavioral Tracking So ft ware [31-
33]), motor skffls on an Ugo Basile Rota-Rod 134 ]1 1Ulxiety in an elevated z:ero maze (35, 36], 
episodic meawry in a Y-Ma.ze [37], and fo r spatial learning and memory and subsequent 
bchav.ioral flexibility in standard Morris wuter mazl! protocol [32, 38, 39J and rl!vcrsal tasks [ 40). 
Dt:tails of bel1av ioral procedures are found in V.4.4.6. Behuvioral Studies. 

For painld1istrcss (Sec'tion V.4.1.1. AJ•HIS Fm-In 7023 lafornudioa), all mice for Experiment 
fa nrc in Category D. 
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Ell.'.periment I b; '/he effects of repeated concussive or blas1 TB1 on home cage circadian 
rhytnrns and on performum:tt in an active plt.ictJ crvDidcrnu task 
Experiment l b assesses the pertbrr:nance of 1.008 mice (Table I) in specialized hortie cogcs 
(Any,,Cages, Stoelting) and on an active place avoidance test (BioSignal Group lnt~ractive 
Tracking Syi>iem Actjve Avoidance Syst~m, [41, 42]>. Within 1-2 hours after regaining 

· consci1ousness alter the final TBI, mice will be placed in Any-Cages to assess levels of mobility, 
wheel running, eating and drinking among many other measures. The mice will be left in these 
cages for no more than four weeks. No soon\!r than 24 hours prior to removal from the Any= 
Cages. training on the active avoidance place system will begin (cf V.4.4.6. Beha\'.ioral Studies). 

For pain/distress (Section V.4.1.l. APHIS Form 7023 rnfornmtion), 1lll mi<'e for Experiment 
1 h nrc in Category D. Please note the description of the experimcntai pmccdllfc for active 
avoidance, under V.4.4.6. Behavioral Studies. the paragraphs under subbcading 2b of 
Experiment lb (pal/.e 20). Animals in the rictive; avoidance ~tudy were categorized as Category D. 
sincl! mice quickly learn to avoid the momentary expt)sure to the mild, es;capable shock. 

E1periment 1 c: Assessment of sociability and classical.fear conditioning qfttr repeated 
mncussiv-e or blast TB/. 
In .E."<peria:neni Iii. (cf. Behavioral Sitlclies. Section V.4.4.6) we will assess behavioral responses 
to the presence of two unfamilint mice (the tltree-chambered sociability test [ 43. 44] 10 days 
ullc:r TBL Two days later, mice will be tested for conditioned tear responses and ~xtinction [45 J. 

A total of l.008 mice arc requested (Table l) for Experiment 3. (The "unfomiliar mice" of the 
sodaoility test described in Section V .4.4.6, Experiment 3, will be weight-matched sham-treated 
mice from other experiments dcs~ribcd in this protocol. They ar~ not enumerated in Table L) 

For pa'in/distrcss (Stdion V.-1.1.J. APHIS Fo.rm 7023 lnformatfon); all mice for Experiment 
h: nre in Catcgt)f)' Ens the fe~r conditioning procedures r.:quirc the us.: of an uncscu1)abl~ 
shock. 

Exnedmcnt td: P1•1f om1cma on ti Burnt!s ma=e spati(.I/ memory tesr, lJ''ouslic s1artle rejle.r: 
(ASR) and the Porsnl! forced-swim test. 
f>ct;iils of behavioral testing in Experiment 1 d ar~ found in section V.4.4.6. Behavioral Studies). 
Ten days after the final 'fl1l or sham pro~cdurc. spatial learning and memory will be assessed in 
the Barnes maze [46. 47]. The acoustic startle test [48]. and the Porsolt forced-swim test (4q] 
will be conducted. respectively. 20 days and 28 days after surgery. In Experiment 1 d. a lotal of 
1.008 mice are requested (Tatble .1 ). 

Sinct the Porsolt forctd-swim te-st is disttessing (animals must tread water to stay unoat), 
all 1,008 mice that will be used are in Category E (Section V.4..1.1. Al_!.HHLE.!lc.m_1_Q2:3 
lnfornu1tfon ). 

V. l .2. Ex_pcriml:nl 2': Brain imaging after rt!peat bl us I- or concussive TB/. 
The goal of Experrmen'l 2 is to assess changes in bruin anatomy after TB l using magnetic 
resonance imaging (!\11U)o Mice will be anesthetized and imagoo with the Bruker 7T MRL 
system in the Center for Neuroscience and Regenerative Medicine (CNRM) Translational 
Imaging Facility (TIF). Room G046. This procedure is d\!scribed in greater detail in V.4.4. 7. 
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Imaging will be performed once before surgical procedures and again at four time points nfter 
the final TBI: 24 hours. 72 hours, 30 days and six months. As both imaging and behavioral 
testing will take place at similar times p():>t-injury, and imaging requires anesthesia, the same 
mice cannot be used in both Experiments 1 and 2. For this experimenL 210 mice are requested 
(l'ablt 2 ). 

Table 2. Ma~ netic resonance imaging after single or mu1tiple TBI 

T61 p.roeedure Male C57BL/6J Female C57BU6J 
1X 3X 5X 1X 3X sx 

CBI 5 5 5 5 5 5 
WDI 5 5 5 5 5 5 

CBliWDI Sham 5 5 5 5 5 5 
HIFU 5 5 5 5 5 5 

HIFU Sham 5 5 5 5 5 5 
ABS 5 5 5 5 5 5 

ABS Sham 5 5 5 5 5 5 
" ' " .~ - -

Table 2. Numbar o) cmmwls req11e.~ted for 1111agmg c~fler TB/. (b:pa1ment 2: 1 olcil n = 2 I 0) 

For pa'in/d·istnss (St.'ction V.4, 1.1. APHIS Farm 702.l J nfotcni:Uion), all of the mice it1 rhis 
c:xpel"iiment art in Catc~m·y I>. 

V. I .3. Expcr.imtnt 3~ Neuropathological e.ffect.1· cl single and repeat t.'tmcu.lf.\'fve- and hlmt~ 
irrJur/es. 
The goa,J :of Experiment 3 is to thoroughly uescribe and quantity thl! anawmic:al and 
immunohistochemical changes that occur f(.)Jlowing single or repeated traumatic hrain injury. 
For long1:1r-ltmn neuropmhology, brain 1is1;ue.fr<Jm mic~ in Experiment 1 will be m·ed. The 
putp0se tor tht: additioJ)aJ mice in tbis experiment is to ussess .~hor1-t1?tm m.'uropathologit:al 
changes following injury. The mice in this experiment (n = 420; Table 3) will be assigned to <Jt1C 

of the injury groups, then sucrilkcd ::it either 24 or 48 hours, or one week, following injury. No 
bchnviornl testing or imaging will lilke place on these animals. Euthanasia and tissue colkction 
will be performed as described in VA.4,'.:!. Iliosamplcs. Brain tissue will be processed for the 
analysis of biomarlcrs including (but not limited to) MAP~2. APP. GFAP. !ha~l. iNOS. tau. and 
F4/80. 

Tabl·e 3. Short.term neuro~atholoav followin ::1 sinale or multiple TBI 

TBI p.rocedu re 
Male C57BU6J Female C57BU6J 

1.X 3X 5X 1X 3X 5X 
CBI 10 10 10 10 10 10 
WDI 10 10 10 10 10 10 

CBIN-/101 'Sham 10 10 10 10 10 10 
HIFU 10 10 10 10 10 10 

IHIFU Sham 10 10 10 10 10 10 
AB'S 10 10 10 10 10 10 

ABS Sham 10 10 10 10 10 10 . 
Table 3. Number of animal.r requested/or short-tcnn neuropathology cljter TB!. (Experiment 3; 
Total n = :/20) 
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For p~in/distress :(Sedion V.4.1.L APHIS Form 7023 lnformatioo), th.c 420 mice that 
undergo sbam or TBI procedures arc in Category D. 

V.2. Data Ana1¥sis: 
To estimate the number of animals needed for the behavioral experiments (Experiments la-

1 d), the scheme outlined by Wahlsten was used [501. Wahlsten suggests that effect size, b, 
between two experimental groups for mouse experiments can he generally classified as small, 

· ~ d 1 . l h ~ - U.t -µ2) F m<Jderale, or large, with o values of 0.5, 0. 75, an , respective y, w ere (J - • or an 
a 

estimation of the nwnhcr of mice for the behavioral experiments described in this protocol, it is 
assumed that a 30% difference between the average behavioral scores for two groups could 

.. "'\.. ti I h c: d (I' i 111) I represent a moderate eHeet. 1 uc onnu a a ove was trans1orme to (! = 
6 

to compu e an 

estimate of the expected standard deviation of the residuals ( o) when there is a 30% change in 
behavioral score (e.g., µ 1 = 100, µ2 ~ 130) and an expected j'moderatc effect" (o = 0.75). This 
sugg~sts a z 40 as an estimate of the stondard deviation Of the residuals. 

lnc SigmaStat computer program, Dt~ti:rminatiort of Computing Power and Sample Size was 
them used to estimate tile numhcr" of animals needed for these experiments. This ptogram 
calculates the minimum number of data units (mice) per group that is needed to achieve a certain 
level of power (sensitivity) of a statistical test based upon certain probability estimates. To 
achieve a power;:;; 0.80, in this case usingµ 1 = 100, µ1 = 130, and a ~ 40. about 28 mice/group 
would be required. Sinoo thjs is an estimation. we propose lhat for thcfu/J-;o,·cale studies outlined 
~n Exp1;riMcnts t -8. 24 mice may be sufficient !lnd mor~ convenient for the progression of testing 
procedures in the Core. In this ca.c;c, if the same a.~swnptions hold (a~ 40 with n.:s24 animals, o = 
10.84), there would be a possible 33% difference between groups compared to 30%. 

From previous experiences a sample si1..c of 24 mic~Jfoll-scaJe experiment appears more i.ban 
l!JrnpJe for behaviordl testing and for what is usually r~poned in publications of mouse behavior 
kstin,g (number of su1bjccts Pl-~ group is usually in the mid .. teens). However, this estimate is 
justifiable since the stati~tical data obtained from this work will be US(..'CJ by multiple groups as a 
"standard" of comparison. nnd the resulting data arc vital in seeking to strive for oomparability 
across data obulincd by many .research teams. h'I additiori, larger sample sizes have been used hy 
previous groups attempting tfi initially validate their testing procedures. Roger:i und colleagues 
1151 I, for instance. used 37~89 mice/group to validate lhc "SHIRPA protocol" in one study. and 
two cohorts of IO mice/group for further validation and Statistical reporting rs21. likewise. thi~ 
estimate appears to be in line with suggestions by internationally recognized experts. For 
ex.ample. Dr.1(6)(6) . l(p. 32) sugi?t:Sts that "N = 20 mice or mon.: per genotype arc 
oncn needed to ·complete tho first sel of behavioral tests i11 a n~w line of mutant mice'' rs31. 
f'ioaHy, his likely that some of the mice will be "uncooperative" (10]. Data from these animals 
iln4'Y be eliminafed fmm the statistical calculations-though the percentage of""non-rcspondcrs" 
on specific tests will be recorded anti reponed-ITTncc extreme scorcg can !ilter summary 
dcscnptions of the response pattern. A larger sample size will allow us to better estimate the 
percentage of "non· responders" on each behavior measure, and maintain adequate sample sizes 
fot statistical estimation should the percentage be high on some measures. 

Expcrimenls la - 1 d will be run in two phases. Alter completion of testing of half th0 
animals requested for each group (n= 12). we will analyze the data, detcnnine statistical p0wc.~r. 
and decide if more animals will need to be added to the groups. It is very unlikely that we \\rfl l 
need to include 24 mice in each group a5 descri.bed in this protocol, but the ' ·cxr.ro'~ mice included 
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in this protocol will give us the flexibility to further refine the TBI and the behavioral testing 
procooures in nn attempt to help investigators in the Core over the next three years. Any change 
in procedure "-'in be submitted as a request to the lACUC u.c;ing the guidelines of the descriptions 
for 4'minor" and ••major" modifications. 

For the experiments that do not include a need for behavioral testing (Experiments 2 and 
3), we believe we require fower animals. We estimated that 10 mice/group may be sufficient for 
the shorMctm neuropathology studies (Experiment 3) and 5 mice/group adequate for imaging 
(Experiment 2). This estimation is based upon prior experience that we often obtain reliable data 
with this number of animals per treatment group. 

Statistical Analyses: The SigmaSlat 2.03 (SPSS) statistical analysis program will be used to 
compute the arithmetic n1ean ahd standard deviation of surgicaJ groups on each test 
measurement. A 3-way analysis of variance (ANO VA) can be pcrfonncd on the factors. Injury (4 
levels for CBI, WDI, HfFU, ABS) x lnjtiry Treatment (2 levels tOt TBI or Sham treatment) x 
Gender {2 lev;els}> or 4-way mixed model ANO VA. with tbe same mentioned factors and a 
·~repeated measures" factor when animals receive more than one experience with the same test on 
ditf ercnt days. Posl hoc ,comparisons can then be used to further explore cff ects. However, 
experience from pr,evioUs work indicates, particularly with behavioral data, that the data does not 
always meet the assumptions of normaJlty and homogeneity of variance. l n this case, simpler 
comparisons can be undertaken or data transformations can be performance (e.g .• In). Non
parametric comparisons ,may also be employed. FinaJly, for some comp<lrisons between 
behavioral test results and bistopathology, or mRNA or protein levels, changes to assess the 
degree of tnt; re~utionship within an cxpt:riment can be dctcrm.ined by computing correlation 
coefficients. 

V.3.1. Non·animal Altornativeit Co1uidercd: 
Empfoying animals in this reseBrch is nc.-ccssary to a.<iSess the effects of brain injury on brain 
anatomy and on in vivo behaviorid performance. These data will provide a means for relating 
behavioral responses to central nervous system structure and functi<ln in vivo. Non-animal 
ahcmativ,es do not replicate the three dimensional structure or temporal changes that occur as a 
function of complex hehavioral responses to tasks presented to a live animal. Further. computer 
modeling and in vilro methods wlll not address expcrimcntaJ questions of the complex, real-time 
changes and responses that occur during experience, 

V.3.2. A1nimal M6dtl and Sl!41eies .Justification: 
By consensus of members of the CNRM, C578l/6 mice have been chosen as a suitable species 
an<l animal model for this research [S4]. This is based upon the previous use of this strain in 
innumerable studies and theit suitability as biomedical models tor understanding central nervous 
system functions in normal and pathological slates in humans und in otbcr animaJs. The mouse is 
used for these studies because of their wel I-understood anatomy und endocrine responses, and 
the very extensive database of prior physiological resea.rch that can be integrated with this new 
information. It is necessary to use mice instead of a. "lower species" since the research results 
should be directly associated with intense efforts in othet laboratories throughout the world to try 
and further our underntanding and eventual treatment effectiveness for psychological stress and 
brain injwy. Mice are a commonly used small animal model for the study of neurobiological 
genetics research. including ihe impact of physical injury and cnviroamentaJ stress upon neuron 
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connectivity, experiential effects on synaptic plB.'!"ticity. signal transduction. and for ~scssiag 
treatments to n.~uce neurological damage and impro~·c quality of life. In rransgenic and gene 
knockout models in neuroscience and behavioral research. "wildtypc·· C51BV6J mice often serve 
as the genetic '•background .. or control for comparison of genetic and gcnctideovironmcntaJ 
effects [28, 30, 53]. As a result of the fecd'lt directive by the NIH to include ft..'1Dale animals in 
prc-<;linical research [13), ~work proposes the use of both male and female mice. 

V.33. Labonllo!l Animals 
Species #I Soecies #2 

V.3.3.1. Genus & Sptties: Mus musciJ/us 

V.3.3.2. t11rain~1ock: C5781/6J 

V.3.3.3. S<nltce/V ~ndor: (<6)(4) 

v.~i.3.4. Aae: 8-12 weeks 

V.3.3.5. WeighC: 20-25 gmms 

V.3.3.6. Su: Maks and Females 

v .3.3.7. Sl!et'ial Considerations: None 

V . .J.4. Number of Animal! Reguirro (b:t SI>t.cic ): Mice: 4,662 

V.3.5. Refinemcni, Reduction, Rc:placemenf (3 Rs): 

V.J.~.I. kefinement: 
'I wo rclin(.~mcnts arc iticludcd in 1.)Uf protocol. 1. Mice wHI be acclimated to investigalor handling 
before hchavioral testing to relieve disness from the potential comhination of handling distress, 
surgical pr<><:edures and behavioral testing, and 2. Analgesics and ancslhctic~ will be US\~d to 
dccwase possihle pain and distress resulting from surgery. 

V • .1.5.2. keduetion: 
Power calculations have been pcrfonncd to determine the minimum number of animuls nt~-dcd 
to reach statistical significance. l)uta derived from this protocol will be available to other 
investigators. allowing them to make bctt(.'f estimates of the minimal number of animals required 
for their cKpcrimcnts. For the sociability t"CSt (V.4.4.6 Behavioral Studies, Experiment le). mice 
to be used for Experiments 2 and 3 will be the '4-unknown mice" placed in the small cylindrical 
cages. That is, mice from Experiments 2 a11d 3 will he used in the sociability test prior to injury 
procedures. We believe their use for the sociability test will not have an impact upon other 
measures described in th.is protocol. 
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AdditionaJly, the same group of animals will be used appropriate sham controls for both CBI 
and WDI injwies. as the sham procedures for each injwy are identical. ·This reduces the nurnhcir 
uf:sham co-nuo.ls needed for the full experiments. 

V.3.5.3. Re.vlaoe1meni: 
Biological respons~ tO c:cntral nervous system injury, psychological stress, oo<l experimental 
trcatmen.tc; is lbighly CfHfiplex~ no alternative to in vivo experimentation is available or practical. We 
are using a rodont model (mouse) versus a nonhuman primate model.. The mouse model is the least 
sentient and derived animaJ model we could use for this study and still obtain acceptable results. In 
addition, we are attempting to perform a series of measurements of mouse behavior that rcq0uires 
making assurances that there is sufficient nUillber of animals to derive valid measures of statistical 
dnta. 

V.4. Technical Method$: 

V.4.1. Pain I Di~trells A8s_mism~nt: 

V.4.1.t. APHIS Form 7023 lnform•cion: 

V.4.1,,l.l. Number of Animal~! 

V.i.1.1.t.l. Column C: 

V.4.1.1.1.2. CCllumn p; 
Y.4.1.1.1.3. Column r.~ 

V.4. l .2. .f'ain llc1ief I Prcvtn'tiom 

2.646 

2.016 

V.4. 1.2. I. A1nesthcsi11f J\n1lacsiaff ranguili1.ation: 

Cm, WDl. HU!:_U_and sbam-J>toc~du~: Mice undergoing CBI, WDl.1-llFU or sham 
procedures for the obove-Jiskd injuries will be anesthetized with isoflur.ule .. I00% oxygen (0.5-
4% isotlurane, induction; 0.5-3% isoflura.ue, maintenance). lsollurane will be delivered using a 
precision vaporizer via a rodent anesthesia machine. Induction will occur in an appropriatel,y
sized clear viewing chamber. Following induction, rodents v.111 be moved lo the slcrcotaxic 
device and aricsthcsia wilJ he maintained via a nose cone. Waste anesthetic gases will be 
passively sc:avcngcd using a charcoal filter. I . .ac.k of pawwpinch reflex wilt be used to ensure 
adequate dtpth of ooesthesia prior to beginning the procedure. Close attention will be given to 
ensure the mice remain unconscious a.n.d arc unresponsive to pain and. if needed, supplemental 
adntinistr.i.tion of anesthetic wi II be given. 

ABS •iid sham procedutt8; Mice receiving ABS exposure or appropriate sham procedures will 
receive an inttupen'tonea~ in_j&!tinn of sterile kcrnminc (80 mg/kg) ood xyla.zine (IO mg/kg) in the 
ventral caudal abdomen with a 26~28 gauge needle. IsoOurane will be used! as described above in 
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future studies if it becomes available in ADS faciJitics. Lack of paw-pinch retlex will be used to 
ensure adequate depth of anesthesia prior to beginning the procedure. Close attention will be 
given to ensure the mice remain unconscious and are Ullresponsive to pain and, if needed, 
supplementaJ administration of anesthetic will be gh•en. 

MRI: Prior to imaging, mice wilt be anesthetized with isoflurane + 1 ()()'l/o oxygen (2-4% 
isotlurane) in a clear inductiun chamber l55), During tile imaging procedure. animals will be 
monhored ronstantly and ruiesthesia will be maintained with isofluranc (1 ~1%) via a flow· 
through nose cone. A facility vacuum will actively scavenge all wa.~te anesthetic ga~s. 

Analge11i~: Animals arc not expected to experience pain or discomtc.lrt from any TBI procedures. 
but if needed they wm be provided wilh acetaminophen (Tylcrtol) in their drinking water (I 
mg/11111; - 200 mg/kg b.w.) ~a precaution. Animals will be observed again one hour after home 
cage placement 10 cm~ure 'there arc no signs of discomfort (difficulty breathing. hunched posture. 
uembhn&, lack of reaction to gentle touching (lethargy). or seizure activity). If needed. the LAM 
veterinarian wiH 1be conSldted should there be signs of c(intirtuc.!d discomfon or distress. 

\!' .4. l .2~2. l1rc~ and Post;orocedur.al <not surgery) Provisions: 
Mice wm be returned to the artimat facility after TBl or sham procedures. or imaging. They will be 
monitored in their cages (and during behavioral testing) on Days I and 2 fot i;ompllcatio11S; such as 
lethargy. reluctance to tunbulate, inability to obtain feed, and seizures. Complications are nol 
expected. Mice thal will be retwncd to I.he animal facility after ABS procedurc.-s: will be m<>nitored in 
«heir cages for e\lidem .. 't of peritonitis or other complications following intraperitoneal injection of 
keta.minc and xylazifie. It is expected that complications will not be encountered. Any mouse that 
experiences problems will be cvuluated and treated or euthanizcd as determined by rescan:h staff, Pl 
or vctcrina(i:ln. 

V .4. t.2.3. Puralyttts: N .A. 

V.4.t.3. Litef!ture Search for Alte.rn3tives t.u P3in[uJ or Oiitlrt$8rutProcedure'9: 

V .4.1.3.1. Sources Searched; PubMcd 
V.4.1.3.l. Date of Seardi: July 17, 2014 
V .4.J .3.3. Period ot Search: 1949-20 14. 
V.4.J.3.4. Key \tords o(Searc'h.: Keywords: ("Models, Thcoretical"[McshJ OR "In 
Vitiro''l[Publicution Type.I OR "cell linc'1[mh] OR "Cells, Cultured"[ml1) OR "virtual ccll"[All] 
OR "Computer Simulmion''f.Mesh] OR "Cadaver"[mh] OR "ex vivo"[J\llj) AND ("Laboratory 
Animal Science"f mh] OR "Anin""'lnl Rights"[All) OR "Animal Care Committees"( All] OR 
1•Anima) Use AJternatiw:s"lmhJ OR ''Animal Testing Altemallves"lmhl OR "Animal 
Welfare"Lmb] OR'' Amimal Ex.perimentationwf mhl) AND ("reduction"LJ\111 AND 
":reiinemcillt''[AllJ AND 11rcplace1nent"LJ\.UJ) OR "3 Rs"lAUJ OR "Stress, Psychological"lmli:J OR 
{"Pain°[mhJ AND ("Analgcsics"[mh] OR "J\na.Jgesia"[mhj OR ••Anesth.csia and 
Ana~gesia;,[mhl)) AND C'Brain hijur.ies"[mhl OR "Euthanasia, Anlmal'1[mhl) AND 
("Mouse"[mh] OR "Rodentia''[mh]) 
V .4.1.3.5. Rtstilts of Search: I\ total of 2 t reforences were identified witb this search. None of 
the searches were relevant to alternative methods for investigations of mouse core facilities or 
alternatives to animal models of brain injury or behavioral testing. 
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V .4.1..3.6. S<Ullfl~ Searthed: Agricola 
V.4.1.3.7. Date ofSeareb~ July 17. 2014 
V.4.1.3.8. Period of Search: No dale limits. 
V.4.1.3.9. Key Words of Search: Mousc/murinc, behavior, model/standard/control, brain 
lnjurtCS 

V.4.1.3.10.R~sults of Search: No rcfotcnces were returned by this search. 

VALlJ l.Source..1t_Searched: AL TlUD 
V.4.J.J.12.Dateorsearch: July 17~ 2014 
VA.1.3.J 3.Ptriod of Search: Ally year u:p to 2000 
V.4 .. l.l.14.,.Ker Words of Search: Mouse, behavior, model, brain injury 
V.4.1~3.J3.Rc"S_ults_,ofSc11ttb: One hit was returned from the search of the ALTB113 database. 
l'hc paper describes the ncurotoxic role of microglia following cxcitotoxicity in the CNSt and 
docs not provide any alternatives to the surgical. behavioral and anatomical procedures proposed 
here for comparing mouse models of TBl. 

V.4.LJ.J6.Suuirce~ Searched; Doi) 8iomedical Rese21rch Databast (DR.0) 
V .4.1.l.J 7 .Dab: of Seat\lb: Augm1t 28j 20 t 4 
V.4. 1.JJS.Period flf Search: l 998~2009 
V.4.1.3.19.Ke,y Words of Search: /\II fields: Rodent i= behavior ·+ /\ll1...Tnativcs ±blast :t 
concus.~ion 

VA, 1 .3.20.RMults ~r Search: A search for alternatives indicated no prior funded projects 
add,rcssed thi'S area of roSc.~ch 

V.4.L4. :Unallevjated Painful or Oi~trcssful Procedure Ju11tiftcatio,11,: We request that some 
animals (ct: VA. I. t .1 .3) be utili zed for experiences con.c;idered Category ,E. Ct1tcgory E mice will 
be used in testing paradigms that inherently involve some inescapable discornfort/distress as a 
means of "motivating .. the animal to resp0nd. We wish to test the mice without treatment with 
sedatives or analgesics. With the eKception ofthe tear condjtioning test (Experiment ID) that 
causes momentary discomlon, none of these behavioral tests involve pain or any physical injury; 
thus an analgesic is contraindicated. While some 'tests evoke mild distress, treatment with a 
sedative would significantly alter their level of "motivation" and change their responses to the 
task. 

V.4.2. Prolonged R~~traint! NIA 

V.4.3. Sumtry: NIA 

V.4.3.1. 
V.4.3.2. 
V.4.3.J. 
V.4.3.4. 
V.4.3.~. 

Pre-sun?ica1 Prov1isions: NIA 
Proc:tdure: NIA 
Po1t~5orgical Provisions: NII\ 
Lo-utio_n! N/ /\ 
Sure.eon: N/ I\ 

V.4.3.6. Multiple MaiorSurvival Operative Procedures: N/A 
V.4.3.6.l. Proeed11t_eli: NIA 
V.4.3.6.2. Scientific Justification: NI A 
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V.4.4. Animal Manipulations: 

V .4.4.1. In ·jcctlons: . 
Anesthetic injections will be administered as describe<l in V.4.1.2.1. Anesthesia/Analgesia/ 
TraitlguHfa:mion and analgesic as described in Section V.4.3.3. Post~su™ical Provisions. 

V.4.4.2. Diosamples: 
FoUowing behavioral 1esting and imaging, the mice will be cuthanizcJ wid uvailublc for tissue 
sharing by investigators in the CNRM~ or the live animals will be tnmsferrcd to the Center for 
Laboratory Medicine (LAM). In cases where animals arc euthanized by individuals on 1his 
protocol. the tis~m"'~ will be used for validating and/or acquisition of training and data for a 
variety of assays. For example, for western blotting biosampJes the brains will be removed from 
the cal varium to obtain samples of the cerebral cortc)( (fronto-occipital region and cntorhinal 
region). hippocampu..>s, <lienccphalon, and brain stem. Samples are Stored in liquid nitrogen before 
preparation for western blotting. 

Because of the value of these mice, at the time of euthanasia. animals tlmt are planned fur cardiac 
perfusion an<l receive a ihoracotomy ((c.f., "Perfusion" under V .4.6. Ja.Jhan_:i<ila) plasma will be 
obtained from a can.liac puncture blood sarnplt~ [56] to begin a pl:I!lma rnpositol)' in coordination 
with the C'NRM BioMarkcrs Group ror possibh~ future analyses (pla$fi1il stored at -80°(' in 
potassium-EDT A tubes). There presently is no plan for these samples, by my laboratory will 
keep the samples for possible future use. 

V.4.4.3. Adjuviuits: NIA 

V.4.4.4. Monoclonal AnHbody (MAbsLProduction: NIA 

V.4.4.5. Animal ldcntifintion~ 
All animals will be identified with cage cards. 
V.4.4.6. Be.ha,Yipral Studies: 

ReOei SupQrcssioii '. Several labotutories using Gollcussive bt"aifi injury models and shock tubes 
have developed rproct:dtucs 1ha1 ;permit tht: errrploymenr of isoOuranc as anesthetk [57-62j. All 
animols in the behavioral experiments of the current study (8xperimenls 1-4) that are 
anestheti~ed with isonurane will be evaluated for "reflex suppression,. f63. 64). Following sham. 
blast or concussive bra.in-injury exposure, lhe duration of the suppression of three reflexes is 
determined. Corneal rr:flex is evalul'lled by lightly tollGhing the: rodent's cornea and detennining 
when a blink resp0nse appearS. Paw jl.e."'ion is evaluated by lightly pinching the hind paw until a 
withdrawal reflex is elicited. A righling rejlf!x is determined by gently piacing the roJent on its 
back and determining the time when the animal can right itself to the correct anatomical position. 

Behavioral tests spcci1ic to Experiments la-ld are described in <letuil below: 
1. Experiment ,la: Perrormance on a standard post· Tnl battery of behavioral tests: Open field, 

rotarod, elevated zero ma?.e, Y-Mv.e and Morris water maze (standard and reversal). 

The following set of behavioral tests was developed under protocol APG-10-789 as a 
standard assessment of the neuttlbehavioral effects of TBl on a range of behavioral domains. 
With the exception of the Morris water maze which will be performed last and just prior to 
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euthanasia, all tests are non-stressful and no more than two tests are performed on a given 
day. 

a. O_pen Field ttsting: Animals will be placed in an open field environmcmt ( 40 cm x: 
40 cm) and allowed to move freely for up to one hour [3 ll. A camer11 over the 
apparatus 'is paired to Any .. Maze video tracking sonware (Stoclting, Co, Wood 
Dale, IL) and the position of the animal is tracked for the duration of the test 
session. The software is able to provide a wealth ofinforrnation regarding the 
hchavior of I.he Wlimu] in the open field environment, including but not limited to 
the total distance traveled, movement speed, time spent immohile, an<i 
time/distance in user-defined physicaJ zones of the open field arena. In addition, 
photobeam array~ allow measurement of movem~nt in lhe z-planc (rearing), 
These measures allow conclusions regarding exploration. loc·omotion and anxiety
likc srotcs of the rodents. Al I mice will be tested 011 days 1, 7, 14, 30, and 60 
following final TBt 

b. Rotarod: All animals will be evaluated for motor performance ~ing the Ugo 
Ba.-sile rowod apparatus [34. 65J. Briefly. the animal is placed upon the apparatus, 
which has a rotating rod. The rod is slowly accelerated from 4 rpm to 40 rpm ovet 
two minutes. The amowit of time the animal remains on the rod is recorded as the 
motor performance score. Each animal undergoes three trials, ~md the average of 
those trials is calculated and used a.~ the final score. All mice will be traibcd on 
this test for three days prior to the first TBI or sham procedures: the animal is first 
placed on the slowly-rotating (4 rpm) for one minute, after which the rod 
accclcmtcs to 40 rpm as described above. Tbe score from the third training day is 
used as a prc-TBI baseline mea'illremcnt for the test(s) following TBr. Atler the 
final THI, mice will be tested on the rotarou on post-injury days 1, 3. 7. I 0, 14 and 
JO. 

c. Elevated zero ,mlze - The elevated zcroJnazc will be used to evaluate anxicty
lilk.e behaviors following single or repeated TB I f 3 5, 36 J-It is. a circular appamLus 
(diameter 50 cm) divided into four equal quadrants. Two of tJhc quadrants (located 
on opposite sides of the m~e) are enclosed by high walls; the other rwo quadrant~ 
llre open with 1 cm walls). The test consists of a single trial. Mice arc individually 
placed at the edge of one or the e.ncloscd sections of the m~e, facing the inside of 
th~ closed qu(jdtant, Each mouse:: is allowed to explore the maze for five minutes 
before being returned to the home cage. lbc time spent in each quadrant is 
registered from video rcco.rdings by the Any~Mazc trackJng software. and the time 
spent in the enclosed qwidrants is compared to the time spent in the open 
quadr:ants, with an increased amount of time in the cr'lclosed qnadrants iodicatitag 
a higher level of anxiety. Typical baseline values a.re 15-2.5% time in open 
quadrants. Follllwing single~ or repeated-TB}, mice will be. tested in this apparatus 
on post-injury days 5, 15 and 40. 

d. Y-Maze - The Y -Maze .is a test of visuo-spatial and working memory, and is 
dfectivc in discriminating between shatn-coutrols ruid n:ticc with brain injury 
sustained by controlled cortical impact in the CNRM (3/, 661. The Y~Maze 
consists of three enclosed arms, 50 cm long, 1 J cm wido, and t 0 cm high, made 
of black Plexiglas, set at an angle ofl20° to each other, ih the shape of a Y. The 
floor of the maze is covered with the mouse's home cage wood shavings~ mixed 
between trials to eliminate olfactory cues. Visual cues arc placed around the maze 
in the testing room and kept constant throughout the testing sessions. The test 
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consists of two triuls separated by four hours. Briefly, in the first lriaJ (acquisition 
trial). mice are place-d al the end of a pseudo-randomly chosen arm (start arm) and 
ai lowed to explore the mil.Zc for 5 min with one of the anns closed. Mice are 
remmed to their home cages in a separate room during the inter-trial interval. In 
the second triaJ (retention trial), the mice are allowed to explore freely all three 
arms of the maze for 5 min. lbe time spent in each ann is registered from video 
recordings by an observer blind to the treatment condition of the mice. The time 
spent in the novel arm (previously closed in the first trial} will be calculated as a 
percentage of the total time in all three anns during the first 2 min of the retention 
trial. This time corresponds to lhe maximal e-xploratory activity in lhe novel ann. 
which typica.lly de¢lines in the subsequent 2 min. Values are compared with a 
random lcwl (chance level) for time spent exploring the three arms. Mice will be 
tested in lhe Y-Mazc on Day l 0 :following the final TBI or sham procedure. 

e. Morris water m&le - The Morris water nia~e is a highly-employed test of 
reference and spa1ial memory and has been used S\lte'cssfully in TBl experiments 
perfonned by many inve!)tigators in the CNRM (37, 67, 68]. A Stoelting Moms 
water maze (diameter 4.0 m) tank is filled with tap water (25'1C) to a depth of 20· 
30 cm. A clear plastic platfonn is pJaccd in one of lhe "quadrnnts" of the tank. 
tloor and visual cues (soljd geometric shape~) are placed mi the room walls in 
locations that can be viewed by animals in tbe pooL On Day l (no less than seven 
days after CCI or shwn surgery), a single pre-training trial is first used where the 
mouse is gently placed on the plalfonn in the tank and the mouse remains there 
for 15 second-;, lfthe mou.se jumps into the wacer during this time, it is allowed a 
brief swim(< 60 s) before being guided buck to the platfom. On Day 2, training 
trials begin where the mouse is piaced near the side of Lhe tank in a location away 
from the platform, and is allotted 90 seconds to swim to the platform. Upon 
finding the platform che mouse remains on tbe platfonn for 15 seconds. If the 
mouse does not reach the platfonn in the allotted 90 seconds, they are gently 
guided to the phi.tfonn and allowed to remain for l 5 seconds. A total of four trials. 
separated by t ~2 min, are performed ea.ch day. Swimming movements of the 
mouse arc tracked, and ~wi m. speed, distance before ret1ch.ing the platform and 
lalency to find tbe platform are calculated by Any-Mare soflwure. Finally, on the 
fourth day of training (Day 5) approximately one hour after the final training trial, 
a single trial is performed with the platfom1 removed from the tank. The time 
spc1lt .in the pool quadrant where the platform was located is measured, compared 
to time spent in the other three quadrants. After all trials, mice are pl~ced in a 
clean cage underneath a heating lamp until thoroughly dried (approximately five 
minutes) to maintain lbermotegulation. 

Beginnjn,g the next day, reversal training trials will take place in which the 
locatfoll of the hidden pltJtform is moved to the opposite side of lhe tank [ 69). 'Ibc 
pn:-training phase is omitted, and each mouse receives four 90~sec trials for four 
days. A .second probe trial will take place approximately one hour after the final 
rcvc.rsit training trial. Finally, immediately ufter the reversal probe trial, a single 
visible platfonn trial will be conducted, A pipette with a very visible "flag" will 
be secured to the platform., The Jatency of the mouse t6 navigate to the cued 
platform is recorded (ma.xi mum of 90 S«: ). 

Morris water maze training will begin approximately 60 days following final 
J'BI or sham procedures. 
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2. Experiment I b: Home eagt dre'8diin activity and active place avoid.a11ce 
a. Twait:y~fuur activity ·will be evaluated in the Stoclting Comr.xmy's new mouse 

Anx=Maze Cages (A Ale). The AMc is a wooden box measuting 15"H x 20"W 
d3';D that houses a siogle mouse and acts as an isolation chamber. It contains 
tOod and water, as well as a running wheel, and has the capability to monitor the 
amount of food and water intake 24 ho\Jrs a day. In addition. the chwnbcr has a 
built~in infra=rcd-scnsitive camera and infra-red and ambient light LEDs. 
Software controls the light period (ambient light LEDs ON) and dark period 
(infra-rc:d light LEDs ON/ambient light LRDs OFF)- Using Any-Maze software, 
the camera records the animal's movements and circadian activities ''2417." The 
chambers are a)Sl> furnished with a ventiJation fan and a temperature sensor. The 
latter allows lhc temperature to remain conslant and stable wHhin lhe chamber. 

Immediately after the final TBI or sham pmccdurc, indiv.idual mice will he 
placed in the AMc system co monitor 24-hollr activity and foodlwatl'r intake for 
up to four weeks after surgery. Visual inspectioo:1 of the Mimals will be made by 
research staff daily via a C()mputcr monitor, and scales within the cages provide 
information regarding amounts of food and water available to each mouse, 
clim.inaiing disruptive dO<'r openings. Check sheets will be filled daily with 
amounts of food and water remaining in each cage. temperature of each cage, and 
a check indicating the animal was visually Sc..>en on the computer screen. LAM 
personnel will ensure that daily recordings arc made by research staff including 
weekends and holidays. 

b. No sooner than 24 hours aller removal from Any-Cages. mice will be tcskd in an 
active place avoidance task ( 13iosignal; l 411). TI1c uppa.ratus consists of a --50cm 
(diameter) metal disk with 40 cm high transparent walls that allow~ the mice to 
view distal room cues; the appurotus and testing room will remain unchanged 
throughout the testing protocol. Testing will take place in four phases over four 
days: 
Phase I {hphituationlo!!:tl field): No less than three days aft.er CCl or sham 
surgery, the mice will be habituated to the testing environment in a single ten~ 
minute open field test io which the animals arc jroc to explore the entire arena. 
The data from t.his phase of the experiment will be analyzed to assess exploratory 
and anxiety-like behaviors in a circular open field env-ironmcnt. 
Phosc 2 (passive avoidance; PA): Phase 2 takes place 24 hours after habituation. 
6och mouse will receive four LO-min PA trn.ining trials in a single day, with a 10-
12 min inter-trial intc.rval (ITI). During these 1rials, a 60° region of the circular 
arena is electrified by a grid underneath the floor, and the mouse receives a single 
.3 m.A. 500 rt1s shock each time the electrified region is entered. Additional 
shocks arc administered every l .5s until the animal le.aves the shock :t.onc. 
Olfactory cues (urine and feces deposited on the arena floor) and visual cues 
around the room arc used by mice in thi:i phase to learn place avoidance and stop 
entering the shock-region of the apparatus. An overhead camera and video
tracking system arc used to track movements of the mouse and calculate the 
distance traveled and number of shock :1.0oe entrances. 
Ph~ 3 (active avoidance; AA): The day after PA trials. each mouse Wldergoes 
six 10-min AA trials with a 10·'12 min ITI. During these trials. the same 60° 
shock region of the arena is stationary while the arena rotates. ln these trials, 
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although the electrifi~ region of the arena remains in the same spatial location, 
ire arena rotates and the mouse must keep moving to avoid being s~kect In 
these trials, only visual room cues can he used by the animal 1o locate the 
electrified area as the olfactory cues rotate with the arena. Movements of the 
mouse are tracked and multiple measures are calculated: the Latency to first 
entrance of the shocl zone measures memory of the z.ooe location between trials, 
number of shocks administered assays the motivation to escape shock: distance 
traveled. average spc..""Cd tmd linearity of movem~nl (average each 2s of the ratio 
<list(linear)/dist(integ.rated)) provide measures of motor function. 
Phase 4_;_{.AA_;_~onilict learning (CJ.,): In the CL trials. the shock zone location is 
shiflcd 180" from the original location for six l 0-min trials (10-12 min lTI}. 
Jhcse trials test proactive interference, or whether the avoidance memory 
obtainc<J in Phase 3 AA trials conllict with avoidance mem<lry cummtly being 
learned in Ph~ 4. Mc:asures cakulated from the camera-trackc<l movements of 
the mouse include the distance traveled and the number of entrances inlo the 
shock wne. 

3. •:xpcriment h·: l'be thrssl':chamhered sodabilil) te~t and the fear conditioninLtest. 
a. The Sodabil11y Test l43, 701 allows the mouse to freely visit three cunneclcd 

duun~rs. No les.-. than I 0 days after final ru I or sham cxpo:-1url'. each mouse is 
placed individually info t~ miJdle chamber (with the doors to the side chamben> 
closed) for five minutes to allow the animlll to acclimate to the apparatus. After 
the acclima11on ~nod. a small cylindrical wire cage containing a second 
(unfamjliar) mouse is pl<K..'.Cd into one of the side chambers. The other side 
cham~r also contains a wire cage, but it is empty. l'he test moui;e is placed in the 
middle chwn~r and the video system m~ure~ Uh! amount of tune (in a JO 
minute test period) that the test mouse spends in lbc c°tk'Ullbcr containing the 
second mouse. as well as the time in the middle chamber and the third chamber. 
The amount of time the test mouse spend!\ in the chamber with the unfamiliar 
mouse is an indicatorof•'sociahility." This test session is followed immediately 
by a second session where the wire cage in the tbird cha.mber is occupied by a 
second unfamiliar mouse. Again. measures arc t.ak~n 10 usscss interactions of the 
test mouse with the first and second ::;Lrangcr mice, where the lullcr assesses 
"social novelty." The test mice pl:iccd in the cylindrical chambers arc huhituute<.I 
to the wire cages for two days before Ole sociability tc~t by placing them into the 
cages for five minutes each day. After their use, they will be returned to the 
animal facility. Two days after the sociability test. classic fear learning will be 
a,-,scsscd in the fear conditioning test. We do not expect their experience in the 
sociability test to affect result~ obtained dwing fear conditioning. 

b. The Ugo B~ile Fear Conditioning System is employed to assess contextual tear, 
where the mouse is initially pJaced in lb! test chamber and receives a mild electric 
sh(X;k that induces a fear response to an initially neutral {71 J. On the first day of 
testing, at least 12 days after TBI or sham procedures. the mo~ is placed in a 
sound-proof test chamber that presents a. tone (8001 ll. 80dB) for 30 seconds. A 
mild fool shock (2 seconds. 0.5mA) is then deli\ered 2y; seconds later. This 
process is repeated four times_ The next day, lhe mouse is placed in a different. 
novel test chamber and allowed to explore. Freerjng is measured over a 6 minute 
period. where the tone is presented during the last 4 minutes of the trial. Finally. 
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on the third day the mouse is placed back into the test chamber, for 5 minutes, 
where they had ~xpcrienced the electric shock (no lone <Jr electric shock is given 
at tliis lime), Mea.irutes of freezing and ilffloulation are recorded in each test 
condition. 

4. Experimtnt Id: The Bam~ mazt, acoustic sortie test. and Porsolt forced-swim test 
a. The Barnes mn.'le (46) will employ the method described by Holmes and 

.colleagues [7n ]. Over tn~'lls, mice learn to locate a hidden box; located in one of 
the 20 holes located m~ar the periphery of a round. brightly-lit maze platform. 
Mice arc given three trials/day (trial duration of ! 80s) o\·et t!ight days {Days 10-
17 after the TBJ or shrun procedures). The Any-Ma:r..e video software records the 
number of holes visitcLI. distance travclc<l, a.m.J time to reach the escape box for 
each trial, 

b. Three days after completion of Rames mv.e testing, mice will be tested in the San 
Diego InSU'timen~s Smnlc Reflex System using the pmtoc,(;) descrihed b:; Curzon 
aml coll~n 1ucs 12 and the one that w~ d~scribed and aflproveJ 10 protot:ol 
numbe . (b) In brief: five minutes before testing 
begins, individuru mice ar~ accllmnled H> the test chmnber. 1 he audio 5ystem in 
the test chamber crnits ''background noise" of 65 dR. After the acclimation period. 
the mouse is presented with four 120 dB sound bursts (40 mscc apart), and the 
.. aoou.~tic startle rellex" is then assessed :if\cr these initial tests by prescnti11g three 
sound prc-;sure levels of stimuli (90, I 05, 120 dB; each 40 msec duration; random 
order: avcrngc 15 sec between sounds, but in a range of 5-30 sec). A total of I 0 
trials per stimulus level arc presented to each mouse. On the following day, a 
!>CCond test is perfonned to measure "prc-puh.e inrublti11n." 1-·or these trials, five 
~timuli comhinathlns are presented: u r.mJumly ehost!n period tu measure startle 
al\cr no Duditory ~timulus. a I 20·dB pulse alone triat with no pre-pulse stirtu1lus. 
then three pr1:~pulse + pulse triah (')f 70, 75. and RO dB pulses (20 msec duration) 
followed JOO msec later by a 120-dfi pulse (40 mscc dur.ttion), respectively. 
Twelve trials of these five conditions are presented with an average of 20 sec 
(range s.25 sec) becwccn trials. 

c. No less than one week at\er testing in the acoustic startle chambers. mice will be 
t1:stcd in.the P2r::1olt forced swim t<;Sl which is used lo assess ••behavioral despair" 
f24, 49J. The mouse is plac~d in a cyLindrkal containc:r of water (10 cm deep, 
:25J..l°C) and the amount of time the mouse swims is recorded. A pre-e:<pesuro 
session oftwo minutes immediately precedes the test triaJ. which is four minutex 
in duration (the total duration of the exposwe is six minutes). Mice tend to float 
with their heads above water if they stop swimming~ however. they will be 
continuously monitored during the test and any animal that appears to be in 
danger of sin.king will be immediately removed from the water by the 
cxperimc11tcer. 

V.4.4.7. Other Procedures; 
All TBI proced\Jrcs wiH be performed as described below, and mice will be selected at random 
for wdividual procedur~. AH mice will first be anesthetized a.s described in Section V .4.1.2.1. 
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CBI, WDI3'HTFU ~t sham procedures are conducted in a designated area of the CNRM 
core facmties (Room~ on a. cleart table swface that is coveted with elean absorbent cloth. 
The table will be disinfected before and after procedures. ABS procedures will be conducted in 
the designated area for the advanced blast simulatorl<6)16> I 

CBI or slirm Dtocedurcs! The CBI procedure [6, 7] utilizes the CNRM's Pre-Clinical Core 
Facility's lmpact One rr.r S·icrotaxic impactor to produce a blow to the surface of the mouse heud. 
For the CBl procedure, mice wi11 be weighed. anesthetized. head hair clipped, mounted in a 
stereotaxic frame in a prone position; and secured using aLtaumatic ear bars and an incisor bar. 
The cat bars are reversed in the Slcrcolaxic device, so that f.he pointed ends face away from the 
mouse skull. The t1at c:nd of the ear ban: ar(;) capped with a black stopper from a 5 m1 syringe to 
hold the mouse calvarium in the horizontal plane with respeot to the interaural line. To assess 
aaeslhetic depth during the procedure, the corneal refleK will he evaluated by lightly touching the 
·cornea with a. cotton s·wuh to elicit an eye blink. The assessment of the paw and eat pinch 
rd lexes consists of the gradwil application of preSS\lre on the hind paw or etir. Lack of eye blink 
or paw or ear withdrawal is an indication of deep aneslhesfa. The impactor tip is then centered 
over lhe parietal region of the head/s.kulJ (coordinates, -2.5 AP, 2.5 ML, 0 DV; note that no skin 
inti:sion is made). The tip is then raised l ,l mm from the surface of ihe head and the impactor is 
set \o deliver a 5 mm tip extension ut a velocity of 5 mis nnd Jwcll time of I 00 rns. Just before 
impacl, the isollwanc is turned off to minimize the risk of apnea, the impact is delivered, and the 
mouse as immediately released from the stereotaxic device. The mouse is then placed in a clean 
cage on a heating pad for recovery and monitored. Once they regain consciousness; animals will 
he retu.rfled to their home cages and monitored. Following CBl, the impactor tip will be 
disinfcdeJ with 70% ethanol. Mice undergoing sham surgery will receive all procedures 
described he.re except the impact with the CBI device. 

Mice that undergo multiple injuries (3x or Sx) will be given 24 hours of recovery between 
each injury. After 24 hours, the motl!'le is reManestheti1.ed and the TBI (or sham) procedures arc 
perfonned exactly a.<> before. 

Wbl: A closed-head TRI will be induced by a weight~drop method in which a 333g weight on a 
md (lip of Jmm) foils from a Jcm height. Firnt, mice will .he anesthetized as desc;:ribed in Section 
V .. 4. l .2.1 and weighed. Throughollt the proee<lUre, anesthetic depth will be monitored by testing 
corneal, paw and car pinch reflexes. After head hair is clipped, each mouse will be moved to the 
platform of the CHI which will be maneuvered to a position underneath the impact rod such that 
the desired location of impact will be achieved. The ro<l wi II then be dropped from a height of 3 
cm 10 result in a moderate to severe TRI. The rod will be retrac;ted immediately to prevent n 
"rebound" injury that could result in secondary trauma. Mice will he returned to their home 
cages .at1er the procedure and monit.ored until they regain consciousness. As sbam~ntrols for 
this pmcedure are identjcal to those from the CBI procedure, no specific sbam group will be used 
for \\1DI and itbe CBI sbam-operate-0 animals will be used for comparison. 

Mfoe that undergo multiple injuries (3x or 5x) will be given 24 hours ofrecovery between 
each injury. After 24 hours, I.be mouse is re»anesthetize<l and the TBI procedures are perfonned 
exactly & before. 

ABS; Mice 'Aill receive TBI by an overpressure shock wave generated by the advanced blast 
;;;;;;lator (ABS). All mice/rats are firs-i anesthetized as described in Section V .4.1.2.1 and 
weighed. Mke arc individually secured in a holder that is inserted inside the distal end of the 
shock tube. After sustaining a short duration of shoc.k. wave stimulation ( <10 msec), animals will 

u SUHS Fonn 3206 - ReVISed Qe\ober 2006 
Prev10us 'llerslons are oDlolele 

23 



be returned lo I.heir home cages after the procedwe and monitored until they regain 
consciousness. A shock of "moderate intensityt• a~ detennined in behavioral !tnd 
ncuropathologicaJ validalion experiments currently approved in protoco1 IC6l(S) lwm be 
used for all ABS exposures in this protocol. ShanHreated animals wiJJ receive anesthesia and be 
placed in the holder at the distal eod of the shock tube, but 110 shock wave will be produced. [fa 
mouse is to receive more than one exposure to the ABS, 24 hours will elapse between individual 
exposures. All animals will be monitored at least once per doy following TBI or sham 
procedures. 

Hl1FU: HIFU procedures will be perfon:ned as described in CNRM SOP#t {73). In brief. mite 
81\C first anesthetized as described in Section V.4.1.2.1 and weighed. The sclllp is shaved and the 
hair-removal product, Nair", is placed on the scalp using sterile gauze and allowed to set for 4-5 
minutes. The procluct is then wiped off the scalp anJ the soalp is rinsed with .sterile gauze soaked 
with water and patted dry. then coated with a conduction medium ( Aquasonic-1 OOti lotion: to 
enhance wave transmission iinto the skull). The HIPU transducer is then gently plilCed on tho 
scalp over the region of the sagittaJ suture of the skull and a high pressure wave ( t- LO ms) is 
generated. Mice will be returned to their home cages after Ille procedure and monitored until they 
regain consciousness. Sham-treated animals will be anesthetized and scalp hair removed with 
Nair11

, but will not be exposed to the high-pressure wave. Twenty-four hours will be allowed 
between HlHJ or sh.am exposures for mice that receive more than one injwy. 

Modd cbancterization: Pre-clinical models have great utility for detcnnination of the 
biologicul and behavioral consequences ofTBI, and what therapeutic treatments may bold 
promise for the human condition. However. one difficulty with this research relates to having an 
idta uf lhc actual stimulus that was employed to cause injury. Inc usual llpprouch by 
experimenters is to report general injury treatment conditions. There has been recent 
commentary. including a guide from the National Institute of Neurodegeocrati've Disorders and 
Stroke, that investigators 'should improve re,poruige of experimental treatment conditions as a 
v.ay to 1mprovc the quality of pre-clinical data [n, 74-771. 

For some experimt"nts. a high spt-ed camera (Motion Pro Y 4, TOT) and image acquisition 
sotlwore (Motion Studio, IDT) will be used to capture motion at a rate of 4,500 frames per 
second. Each video ••c1ip" is approx.imately 2 seconds in duration. Sub:icqucntly~ the acquired 
videos arc imported into motion analysis soil.ware (Proanalyst Professional Edition. Xcitex) to 
determine devfoe, and/or head and oody movement. This will be perfonned following the 
procedures outlined in USUHS IACUC IPolky #25 1[78]. Video ima,ges will he stored on a 
de<licated laptop that is password protected. In addition, to ensure availability of the data should 
the hard drive in the luptop fail, a backup external drive wiH be employed and also stored iu the 
Cf1bincl. The luptop lllld external drive are located in a secured area of the LAM facility in Room 

1(6)<6) ~hich has a locking door, and is stored in a locked cabinet. The videotaping will be 

perfonW'btl!t;J!biSI I in th• mouse surgery j;!~~~nf :: I or ABS testing suite 
(Roo~d vie\\-ed in Roomfb){S) I Only Dr.< d I( I will have access to 
the videotapes as they analyze and summariu the findings. e daca analysis phase is labor-
intensive and will require retaining the video recordings until all data analysis is completed, but 
we request retaining the images for three ye:irs after the completion of tbJs protocol (e.g., 
October t, 2016 if this is the date fot initial approval of lfiis protocol + 3 years to September 30, 
2019). At that time Ille images will be erased from the laptop's hard drive and the external hard 
drive. Please note the measures are converted to numerical values in a spreadsheet and this 
infonnation wut be retained. Actual video images will never be utilized in a presentation at USU 

USUHS Form 32re - Re'llled October 2008 
Pre\1100$ versions 1111 Qbsolete 

24 



or outside the UniversHy. Should there be any need for a. depiction of a rodent in a publication or 
a 1Jectwe, drawings will be created in place of ·actual imases. It is expected thai the data presented 
in graphical fonnat will be adequate for readers 01' lectu:te attendees to visualize motion 
parameters. 

Magperic reso11anc;e imacing CEmerimeht 1). Imaging will be perfonned on the Brule.er 7T 
MRI systc·m in th~ Cemer for Neuroscicnc.e and Regenerative: Medicine (CNRM) Translational 
Imaging Faciliity (TlF'), RoonE]before surgical procedures and again at four different time 
points after TBI: one day. three days, 30 <lays and six months [55]. Mice will be anesthetized 
w1ith isotluraoo (2-4%} in a clear induction chat11ber and anesthesia will be majntained via a 
~ 1flow·through" tube thnt is used during imaging. Tl and T2-weightcd images (I .0 mm thick.) 
will be acquired with gradient echo sequence, and hyper-intense areas (indieating high water 
content) wiJI be measured to assess acute edema. Hypo-intt=nsc regions will be measured to 
evaluate the extent of hemorrhage_ The imaging procedure will last approximately two hours per 
anima1! m: each time point. 

V,4.4.8. Tlh!He Sharing: 
Excess mouse tissue will be made availabl~ to other investigators in our or other labs. 

V .4.S. ~tudy,_,Endooint: 
The study endpoint is survival for the previously described duratiollS (fable 4), at which time mice 
will be euthanized. Euthanasja will be perfonned as stated. 

Tablt .f. Sli1t1H1aty cf Animal Tt!!tiiil_ilild Procedur• l}avi and l:11d Poh1U for •:uthanasia 
Ex ilnlmmt Btlmvi'!!.. Test 'l'e•t D•\'ld Pai• CatexoiY No. Miu End Poin I t D1y >t - - ......... ·. ~ ' .. 

la ()pen f icltl - 1. 4. 14. 30, 60 D 
Rotorud L J, 7, II)_ 14 J O 0 
Zcr~ MiUC s. 15, 40 0 $4,0)2 61-64 
Y-Mazc 10 [) 

Wu\cr Mv c 20-?4 [) 

lb Aiiv-Clu!e 0-28 f) 
~1,008 31-34 Acti vc AVoldancc 29 or 30 D 

le s{~h1blHty Tei.t 10-l j 0 
~J.008 1.5-111 

Condltlooed Fear 12-14 E 
Id Danu:S Maze 10.17 I> 

Aeou.~i: SUUtle Test 20 0 ~1.0011 29-32 
Pti1M>lt Swim ·rn;1 ~7 Of 28 E 

,_ Neurop1t•alen .~11illDIYt 
2 - I. 2, 7 D 210 I, 2. 7 

IMlllll .......... 
) - I, 3. 30, 180 D 420 181-t85 

~ . . . . 
~ruin Cateaory D referi> to m1oe sostaJrnng a Tut or slum procc-Oure th.11 will be alll!v1a1ed with onalg,e51a ueaunent TI1e 

beh1,1Yionl tests in lhi~ ea.-.c elicit little or vuy rni\J di~tr~ and no pain. The behaviorai 1csLS in ('asegory E: refer lo 
an.inllib, that will receive alleviation from dl~orofort by the administr.1tum of' analgesic folklwing ffil or Sham trc1111ne1il. 
but that the bchaviorfll lltlk (C1>nditluned Feat or the Porsoll Swim Test} in\'olves brief inescapnble discomfort. Since all 
1U·1ilmLls in Experiment I c Md Id receive these behnvioral t~1s, they 111"\l cla~sified as Category £ . 

tEncl l'oi"t refers to time ttftcr limit TUI or ~hm11 ttc11tment. A nu1ge of days is indicated to aJlow for flexibility for 
invest~gator ahisencc: due: to weekends. 

Anima!ls will be observed again one hoW' after home cage placement to ensure there are no signs 
of discomfon (difficulty breathing, hll(lcbed posture, trembling, lack of reaction to gentle _ 
touching (lethargy), or seizure activity). If needed, the LAM veterinarian wi 11 be consulted 
should there be signs of continued discomfort or distress. 
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V .4.6. fl:ntbanuia• 
Euthrumsia will be performed in accordance with "A VMA Guidelines for the Euthanasia of 
Animals: 20 I 3 Ediiliort." Methods or euthanasia on this protocol include decapitation and 
perfusion. Mice are anesthetized before these procedures. Euthanasia will be perfonned by the PT 
ot the staff in Vhe CNRM Pre-Clinical Studies Core. 

-PcrJu!tion: Some animals will he tlc;ed to obtain brain samples for immunocytochemistry. 
Following anesthesia per Section V .4.1.2.1. , we will ensure mice are deeply anesthetized and 
unresponsive to paw pinch. Once the mice are deeply anesthetized and unrespon.si-vc to paw 
pinch, a midline thoracotomy is made to expose the henrt. A 20-22 gauge tip needle is inserted 
inlo the left ventricle to aspirate 1 ml o( circulatinB blood. which will be used lo t>btuin plasma 
(see V.4.4.2. Bio.samples ). Next. a 20-22 gauge blunt 1ip needle connected to a tube (1.1. in ID and 
1/16 1n wal I) is ~nsertcd inm the left vi:r1fricle through th~ apeit. and the right atrium is indsed. 
After wi initial washout with 50 ·I 00 ml of cold I 00 mM phosphate buffered saline (PBS) for 
upproximately 2 min. transcartjial perfusion with I 00-250 ml cold 4% parafom1aldehyd" in PBS 
wHl be delivered through the pulsalile perfusion system (BRL. cP .. 600) Wllil adequate perfiJsion 
n:achL'tl. Tbe brain will thco be remov,ed from the calvarium and po~t-tixed before tissue 
~ctioning for immunohi~tochcmkti.J staining. 

l>ccapitat:ioo: Some mice will be used co obtain brain mRNA and protein samples. Following 
ancstihesin per Section V.4.1.2.1, we will ensure mice are deeply anesthetized and unresponsive 
to paw pinch 1the11 use u rodent bruillotine to decapitate the anestheti1.cJ mice. The deca[lit:ltlon 
equipment will lbe cleune<.1 and maintained to en!iuF£! thl.! proper fu11ction by routinely checking to 
r.:nsurc it is not rusted llr blw1t. It will be cilhcr ~hal"pl'n1:d or replaced If it does not function 
properly. A log book will be kept of the mnintcnanc~ of the guillotine. 

in the event that LAM persoooel mll'it eutharfrfe an Wlimal for hummu: reasons, cylirnJerit.cd 
carbon dioxide will be used in the LAM necropsy room. Using a d~Wl cage. carbon dioxide will 
be a<lmi:nistcn.-<l at a rule to replace greater than 20% of the cage volume per minute. Once the 
mice have not movL>J or breathed for at leust one minute they will be removed from the chamhcr. 
Euthanasia may be ensured by cervical dislocation or opening of the thorax. 

V.S.l. Hm1bandrv Considerations: P,xcept us ooted below; routine animaJ husbandry will be 
ptovided in accordanc<= with LAM Husbandry SOPs for each specjes in this protocol. Routine 
animal husbandry will be prcn1ided in accor<liLflce with LAM Husbandry SOPs for the mice used 
in this protocol. 

BoilJing(s) Room umbe s 
V.S.1.1. Study Room.:

1 

... <b...,)(
6 
.... > _ _____ 

1 

N r( )l(&)(B) 

Building(s) . Room Number(s) ... _______ __ 
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Building(1s) ( .... (b-)(tl_) _____ ..... I Room Nwnber(s) (L..(b-)(S_> _____ l_ 

V.5.J.2 . 
.SpedaLHuslbandry Prfil!.iJions: 

Food Rcstrittioni 

Fluid Re!lt.riction,; 

V .5. t.J. ltn~ptions: None. 

V.5.2 . . Vc'lerinan: M~dic.al Care: 

Yes 

Yes 

V.5.2.t. Routine Veterinacy Medical Care: 

No x 
No x 

The PI ·or research staff will observe the mice following all experimental procedures. LAM 
personnel wm observe the mice at least once a day for gcnernl hcaltl\ and husbandry condition. 
Any mouse observed to be ltitharglc, losing weight~ exhibiting gros~ neLuologicriJ deficits (such 
as inahility t<> cut or <lrink. continual circling, seizures, etc.) or uny other signs of distress or 
Hlness will be eva1uated by the Pl and/or veterinary staff then euthanized as previously 
described. 

V.5.2.2. Emergency Veterinary Medical Cue: 
AH emergency, weekend. a.ad holiday care is pmviJed by lwo animal husbU1dry technicians, one 
or more veterjnary technicians, and an on-call veterinarian. Essential husbandry procedures and 
health rounds arc conducted by LAM personnel once daily during weekend Wld holidays. 

V.5.3.l. Enrb:hment Strateset: Except a.~ indicated below, all animals on chis protocol will 
be provided w.illi routine ~1wironmental enrichment in accordance with LAM SOPs and IACUC 
Policies" Animals llfC grouped-housed. Standard nestlcts, tunnels, or toys provided by LAM will 
be provided in each home cage. 

V,.S.3.2. f:nr:ichment Restrictions: N/ /\ 

Vl-.S1'UDY PERSONNiEL QUALIJi'ICt\TlONS AND TRAINING: 
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STUDY PERSONNEL OVALIF'ICATlONSfTRAININC * 
Protoc:ol activity Of 

procedure (e.g., 1ail vein 
injections. culhanasia) 

Concussive brain injuries 
(CBI and WDl) 

ll igh intensity focused 
ultrasound (HIFU) 

Adv1mccd blast simulator 
(ABS) 

~odenl Rehovi()nil I cstin11t 

MllJtllctic roSOAllllCC imaging 
(l\fRH 

IP injections 

Eulhll.llll.Sia by dccapii.tiun 

Name of pc:l'liOn 
pcrfotming aaivity 

(b)(ll) 

QualificatioM oJpeiSOfi 
perfuffli ing aetivify (e.g., 
rese!lfoti tcdmh:ififl, 2 yrs 

extiericncc) 

All pe~nncl listed have many 
years of experience with genenl 

rodenl 5U11JCries. 

AJI p\ir&Of'i.ncl lJSti1d b!i\'C fftntry 

years of c:11perience with gcncn.I 
rodcmtsurner1cs 

All individuals have upcricrn:e 
with a.rumal models ofTBL 

M~(bmh ~!IS Is yc;u11 

cif·expcrle11ui in Animal 
h11ndling llnd hc:havlorul tcstlnll 
lUtd IUl M.$ in ni:havlorai 

~QS<:l~JICt' 

orsf6)(a) lwill in1>1ruct all 
t\lhct personnel 

~~~~~~~~~--i 

Spec:ilic 1mining in this 
aetivity Of procedure (e.g., 

rodent handling class, l 999) 

Dr hu.four.ycara.o f . ( ){6) 
expen nee with radcm 
surg.tric~ rclfm~d io her 
cHnical pr11c1ice as a 
microsurgeon, and has 
MSislc..'d With Tlll procedures 
in 1he c<>rc facilities for~ 
yews. A II other jic'r$()ilncl 
hlive many years of peminal 
l:il'IC•i'lllOfY Cilpcrlence with 
MCl.'ltie rndcnt ~uracrlcs. 
HIFU has boon regul:uly 
1JCrfom1Cd hy Core smff for 
&nnro.timhlelv four xerml. 

/\II indi\liduals h1wc rcccivcd 
e~tcnsivc on·silc training 
from lhc manufactun:r of the 
/\BS. 

DHll) l litU tt1illly years 
..,f pcniomU ltahr.i11•1'""' 
cxper'f11ncd (l:iJ(6) l hus 
rc£pjvcd tm111lng fronl tium 1 
l{t:i)(e) I __ 

l)r.,IM/6) ha.~ ma11y 
:re~ of cxpl·rlcnce. in. 11t1lmal1 
I rnaging Md wili dirot.1 1 ha~ 
MpCCI of 1hc work 

/\II listed ~<>nncl htrvc many All i.~100 hrveslig.lturS h11v1: 
year. ut experience In roocnt t.lkcn ahe Rodent UMdlin~ 

«ild f>r(lc-0dural Tecnnlquc11• 
handling (Uld drug 
aJ.ministl'llllon. aml l1ave expcric:nC(' with 

r--;;:;:;;;;;;;;:;:::::::::;;-- _ - --1 lnjl!otloos. _ 

IJ~(tl)(6) Fxpcrienet with Pcrti.mnctl simihu 
l'fHlclll dccapilalRll\ >)5 yc.u~ procc:dur•·~ I'm rN'-" I 

f le ,,..111 insmia lis\\."il rro10.::0LJ(bJ(tl) 

collca&ues on lhis procedure. f bli6) I 

A ti listed pc:nonncl have many P¢"rfonned similar l\ijl~llwiil.J 
Jntrac.:ardial pcrfusium ye~ Qf upcricncc pcrfonning for recent vrut(iro1J<D}(t5) 

pcrfusiuns in rodcrus. l(il )(6) l 
•Most !ilvesti.~11mrs ha"~ atlendod ~e USUHS l11vesli~1oc Trai~~ CoUJS¢. Dr.~b)t6> Ion Ausust I i , 2005, Ms, 

!Cb)(6J lc(.1mplcted ~vtral Ol!lim~ USU HS 111vei;uga1or Tnmung Cou s on October 28 .. 2009 and attended the 
Rodent I land ling nnd Prot~cluraJ Tecbnifil!t'l on Nove jlll:H:r l9"'j 200Q. Ms. is previously awm'Ved to 
perrom1 the above:pr-~urc.. unde4(bJ(W lllfld !ft.>)('6) I Dr ·tomplctl.lCi.thc.oolineUSl:lH~ (b)(6) 

lllvestig:itor Train mg u1urse on S~plember 9, 2008 nod the Roomt Handlin& and Procedural Tech.n1ques on 
September 24. '2009. She is spproved tn perfoon TBJ p 'c.> • elu in dru •s for 
anesthesia, and eu1ham1sia for decapito.1 ii1h \IDdcr f>rot<x;o mpletcd 
several USUHS mlllone investipicir training c6lmes iJ1cluding "Working with the JACU · non~ A 011April 23, 
2013 and the USU HS lnvestjgutor Troioing Courses on June 6, 2013. In 11dcliifo111 1he wvestigatM have recently 
c-0topk1ed the new required training with the Cullabor.lf.ive lnsti™11-0niil Training lnitiatJve i:wn.,Pro~ 
"Jn'Vesrig>.ttors, Staff and '!.\tud.ents- Lab Animal Research." Drsllb)l6} I artd Ms.~ompleted the 
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(bX6) ~May 9~201-4, Dr0on M&y 13 A IS, 2-014, 0rOn May 14, 2014, Or .. Ll(b_)(_6> _ ___.lon August 22. 
2014. 

VII. BJOHAZA8DSISAFETY: 
To minimi1e exposure to Wl.imal allergens when working with lab animals, Lab personnel will 
wear lab coats and/or scrubs, gloves and ma.5ks. We will always wear lab coats and gloves when 
we contact toxic chemicals and perfonn some s1eps in a fume hood to minimize risk of exposure 
to these tcratogens. Potential fumes from fixative arc minimized by allowing the fixative to be 
constantly wash~d down the sink drain. 

vrn. ENCLOSURES: 
Literature search results for Sections 11.2 {Searches for wmccessary duplication) arc available 
upon request. 
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IX. ASSURANCES: 

As the Principal lnvcstigalor on I.his protocol, l acknowledge my responsibilities and provide 
assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will he used only in the 
activities md in I.he manner described herein, unless a modification is specifically approved by 
the lACUC prior to its implementation. 

O. Duplicati1H1 or Effort; I have made a reasonable, good faith effort to ensure that this 
protocol is not an wmece~ary duplication of previous experiments. 

C. Stltistical Alsurance: I assure that 1 have consulted with an individual who is qualified 
to evaluate the statistical design or strategy of this proposal, and that the .. minimum number of 
an1mals needed for scientific validity arc used.'' 

0. 8iohazard\8Mfcty: T have taken into consideration and made the proper coordination 
regarding all applicable ruks and regulations conceminP., radiation protection, biosafety, 
rcconibinant issues, and so forth., in the preparation of this protocol. 

E. 1·raioing: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained 
to ensure that no WlllCCCssary pain or distress will be caused to the animals as a result of the 
procedures I manipulations. 

F. Training: I verify that 1 have attended the USUHS Investigator/Animal User Training 
Cow-sc. 

Date 

G. Training: The following persoru1el will attend the next USUHS Investigator/Animal 
User Training Course; 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals 
associated with lhis project will demonstrate a concern for the health, comfort, welfare, and well
being of the research animals. Additionally, I pledge to conduct this study in the spirit of the 
fourth ''R" that the DOD ha.c; embraced, name1y, "Responsibility" for implementing animal use 
alternatives where feasible and conducting humane and lawful research . 

q -~ - /'i 
. 

(6)(6) 

Pn Dare 
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J. Painful Ptocedure(s}: 

1 am conducting biomedical experiment-; which may potentiaJJy cause more than momentary 
or slight pain or distress to animals. This potential pain and/or disrress ~r WILL NOT 
be relieved with the use of anesthetiC5> analgesics and/or tranquilizers. I have considered 
alternatives to such procedures; bowever. using the methods and sources described in the 
protocol, I have detemtlned that alternative procedures are not available to accomplish the 
objectives of tills proposed experiment. 

~: I .... ------

USUHS Fo!Tll 32°' - ReYiMd October 200& 
Pre'llioua \lertions are oblolete 

31 



X. PROTOCOL AB81RACT: 

A. Animal Protocol Number~ ... (6-)(o_) _____ _ 

B. Animal Protocol Title: Evaluation of the effects of multiple hlast- or concussive~brain 
injuries on 1:1europathological and behavioral outcomes in male and female mice 

C. Principal lovcstigator~(b)(G} !Ph.D. 

0. Pcnorminc. Org1nb;1tioic Uniformed Services University of the Health Sciences 

E. Funding: Center for Neuroscience and Regenerative Medicine 

F. Obi"-ctin and A pproacb> · 
The ~oat ofthis research is to measure and compare the anatomical and behavioral effects of 

widely-used methods or inducing trawnatic brain injwy in mice. 'lllere are many animal models 
of TBI in use in the field of neurotrauma, and there are no studies comprehemfrvely describing 
and comparing the anatomical dam.age and behavioral changes that result atler the induction of 
TBI using various procedures. We will use four different methods of inducing TBI and 
subsequently aS'Sess the animals using at least l 0 behavioral tests. In addition, mice will undergo 
magnetic .resonance imaging al three different time points after injury to measure anatomical 
ch~mges and the extent of edema and tiemorrbage that results from TBI. All injury and oclinvioral 
procedures de~ribed in this protocol will be performed within the CNRM Pre,..ClinicaJ Studies 
Core, shared facilities used by many investigators studying TBJ. As a result of the experiments 
<lcsc.;ribed in this protocol, Core personnel aiding investigators will become better trained and 
more proficient in performing the procedures, and thus be oouer able to help- investigators plan 
and carry out their studies. This is an importilnt initial step for establishing the experimental 
procedures that aU investigators should follow when they use the Core and for establishing 
procedures so that data collected by various research programs can be compared across 
laboratories, Jn addition; the data collected from this researeh will be made avai1nble to 
flesearcbers as a "brail'I injory guide" to help them detide which method of TRI and subsequent 
behavioral test:; will be best for their individual experiments. 

To approach this problem we will use laboratory mice, Mice will receive TBL and be imaged 
M<.1 used in a series of behavior tests tf) 11..'isess the consequences of brain injury. The data 
collected will then be summarized using conventional statistical arproachcs (mean, standard 
deviation, analysis of variance, correlation and regression analyses). We will use as few mice as 
possible while still using enough to make valid conclusions. To do 1his initial research we must 
use animals since cells or tissues will not reflcc.t the aclilal biology and behavioral responses of a 
live organism. We hope that this basic rc::u:arch and use of animals will aid in understanding 
some of the causes for the long-tcnn effects str1.Jss and brain injury has upon the war fighter 
r.etuming home to their town, work, and families, and that this research may allow us to provide 
hcrter treatments to help suffering soldiers. 

G. lnd.exin.a,_Tern1s (Descriptors): Animal, mice. brain injwy, behavioral testing, imaging, 
anatomy 
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UNIFORMED S~RVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHESDA. MARYLAND 20814-4799 

November 3, 2015 

MEMORANDUM FOR DRf .... 6_1(6_) ___ __,!DEPARTMENT OF ANA fOMY, 
PHYSIOLOGY. AND GENETICS 

SUOJECT: lACUC Approval of Protocol· Triennial Review 

The foJlowing application was reviewed and approved by the Uruformed Servkes 
University of the Health Sciences (USllHS) Institutional Animal Care and Use Committee 
(lACUC) via designated member review on April 17. 2015. 

This srudy was revised and approved by OMR ~)n November 3, 2015. 

Animal Pr0tocpl Title ~(S)(4) 

USUHS Protocol Numher: ._f
0

_><
5
_> ___ _, 

ExRiration Date: April 16. 20 18 

Supporting Or;int(s) Nwnbcr: f .... 6_>
16

_> ___ __, 

Nam~ of Principal Investigator: Dr .... 1(1>_1<
6_> ___ __. 

The USUHS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal Welfor~ (OLAW), National Institutes of Health (NIH). The Assurance Number is 

l(Ol(G) I TI1e IACUC approved the above referenced application as submitted. 

An annua1J review is required for each of the three years of this protocol. Trus rev kw 
must be completed by the: anni versaty date of the protocol. If work is to be continued past the 
expiration date. a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended. and no animal work 
may be done without an approved promcol. Although the lACUC may send reminders, it is the 
investigator' s responsibi lity to submit an annual review fom1 (foll'Tl 3206A) at least 30 days in 
advance. or a new Form 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order. please contact MAJl(D)(G) ~o schedule a 
pre-protocol planning meetingfD><6l I This meeting must occur to ensure animal numbers 
are loaded in the CART system and LAJvf resources an~ available to meet your needs. 

cc: 
Office of Research 

r,: IPh.D 
Chair. Institutional Animal 

Care and Use Committee 
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study. 
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ATTENDING VETERlNARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
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PRINCIPAL INVESTIGATOR :jl6 .__)(s_1 ____ _ 
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SCIENTIFIC REVIEW; This animai use proposal received appropriate peer scientific 
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Typed Name: l(b)(B) IMD, PhD 
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GRANT TITLE Of djfferent from ab9ve):l(b){4J 
l(bi('f J "-----------------

USU HS PROJECT NUMBER: ... l(b_H6
_).(6_)_(

4
) _____ .... tunding is continuing up to 

10/15/16) 

CO-INVESTIGATORCSl: 1 ..... lb1~<6~1 ~~~~-----' 

TECHNICIANS(S):l._(b-)(S_) --------------

II. BACKGROUND: 

11.1. Back round: 
The e·ff ects 1 

......., ____ ___,. _ _,.....,..-.,,-..,_-...-..,..-.,...,..,....---......,.,.,.....-.....,...--..,...-..,......----,---' 
The poss1 11 yo a erronst attac against civ1 ians, or military troops deployed 

overseas is at present in the minds of both citizens and government officials. Mass 
casualties can be inflicted witn chemical or biological toxins/weapons. Nerve agents are 
letnal cnemical weapons tnat have been used in war and in terrorist attacks, with 
devastating consequences. Organophosphate nerve agents display a very high affinity 
for brain acetylcholinesterase (AChE) (9. 10. 11 , 63). Inhibition of AChE by OPs and the 
resulting accumulation of acetylcholine can initiate seizures by activating nicotinic and 
muscarinic receptors, which are widely distributed throughout the brain. These 
receptors are present not only at postsynaptic sites in cholinergic synapses, but also on 
presynaptic terminals of both excitatory and inhibitory synapses, regulating the release 
of glutamate and gamma-aminobutyric acid (GABA) (37, 108). Therefore, it is 
conceivable that OP-induced inhibition of AChE can tilt the balance between the two 
major excitatory and inhibitory neurotransmitter systems-glutamatergic and 
GABAergic, respectively (38. 55). One of the clinica l manifestations of exposure to 
nerve agents is seizure activity and status epilepticus (SE). wh ich can lead to death or 
brain damage. with long-term cognitive and other behayjoral coosegueoces C8 35 56 
91 • 99) J'b)(4) I 

f5'(4> I 
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{b 
4> his is very important because in an emergency situation there is no 

opporturnty ·or pretreatment Our ultimate goal is to develop a medical countermeasure 
against nerve agents that will effectively stop seizures and protect from brain damage 
and the resulting behavioral deficits. and do so without sianificant acute and/or Jono
term adverse effects.l(bJ<4

> 

First. let us examine if the existing literature 
,__ ____________________________________ __. 

suggests differential propensity for seizure generation, and. thereby, differential 
susceptjbility to seizurogenic agents between genders and in different ages. It is well 
documented that young animals and humans are more prone to generating seizures 
than adults, but the neuropathology induced by seizure activity is less severe and more 
transient in the developing brains ( 41 , 42, 67). It is particularly relevant to mention that 
pilocarplne-lnduced SE causes inflammation and epileptogenesis in rats, but not in 
infant rats (64). Aged humans (45. 58) and animals (68; 110) are more susceptible to 
both seizures and the associated neuropathology compared to adults. Gender-related 
dlfferences in seizure susceptibility exist in animals and humans (47), but more 
research is needed to clarify and categorize these differences. For example, in humans, 
males have a greater susceptibility to SE, but femares have a higher incidence of 
idiopathic epilepsies (23, 74), In animals, male rats also are more susceptible to limbic 
seizures and SE than female rats (94. 83). but aged female mice are more sensitive to 
kainic acid-induced seizures (113). There are only few studies on the age- and gender* 
dependency of the susceptibility to nerve agent toxicity. In guinea pigs, the lethal 
potencies of VX and sarin are significantly higher in the adult mares than in any other 
age or in females (30). Jn rats , the lethal potency of .soman is greater in 5 day-old rats 
than in 30 day-old rats (106). and in the young (up to 30 days) and the aged males. 
compared to the adults (101, 106), suggesting that the toxicity of soman durrng ari 
animal's life span approximates a U-shaped curve (101 ). Our proposed studies will yield 
data on the age- and gender-related susceptibility to soman toxicity and lethality. Based 
on the Hmited information available; as reviewed above. our wgrking hypothesis is that 
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the LD50 will be lower in the immature and aged rats (greater susceptibility/lethality to 
soman), gr@ater in 'female rats or similar to the LOSO in males, but the soman~induced 
neuropathology -which will be examined at multiple points, 24 hours. 1 week, 1 month, 
and 3 months after soman exposure- will be lower in tne imrn<Hute rats. and the 
recovery of the damage will be faster (the reverse will probably be true in the aged rats), 
It is also possible, however. tnat the soman-induced SE in the early postnatal rats will 
produce disruption in the normal brain development, which will become evident in the 
behavioral studies proposed here, 

l0Jl4) 

(b)(
4J IOn an acute basis, GABA agonists in developing rats can facilitate instead 

of suppressing seizures (82). In response to metabotropic glutamate receptor
anticonvul$onts. different responses have been observea even in a narrow range of 
young ages (7 to 25 day-old rats) (66), and, in general, young rats are more responsive 
to NMDA and non-NMDA receptor antagonists used as anticonvulsants compared to 
adult rats (67). Aged animals and humans also differ from other age groups in their 
responses to anticonvulsants. one r · · · · · 
a ·ed or anisrn 4r. i: . ~· _1 ° 1 

Significance of studying the protection of the amygdala; the hippocampus, and 

I .... ~-~-~-p-re_t,....ro_n_t_a .... l -co ... rt_ex _____________ _...IThere are two reasons that we 

choose lo study the·se structures, F"irst the amygdala and the hippocampus are sei.zure
prone structures that play a central role in temporal lobe epilepsy, which is the most 
common form of epilepsy, the (5, 6 , 7. 76, 85). It is not surprising therefore that the 
amygdala and the hippocampus also appear to play a central role in the generation of 
seizures induced by nerve agents (4), as suggested by the rapid increases in 
extracellular glutamate in these brain regions after nerve agent exposure (52, 53. 54). 
and the profound damage these stHru~t~r;;lli!.li!.~Yi..1..i..:.:1:...liil.i::l.W.i.~~iW;.l.~~ii!ld,lo.a.u.ol...l.ji.....-:i:....i..i......_, 
35, 40, 46, 80. 102, 103, 104, 111 (b 
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(0)(
4

) I The second reason is that the a mygdala' the hippocampus and the 
prefrnntal cortex am the most important brain regions in affective and cognitive 
functions. The amygdala is best known for its central role in emotional behavior, being a 
key component of the brain's neuronal network that determines the emotional 
significance of external events (26, 29, 61). Many emotional/psychiatric disorders. are 
associated with pathophysiological changes in the amygdala (21, 28, 88, 109). In 
m:H1ition. both the amygdala and the hippocampus play a pivotal role in mediating or 
modulating cognitive functions (26, 61). The amygdala modulates memory acquisition 
and consolidation, decision-making, and interpretation of the emotional sig nifrcance of 
external and internal events via extensive, reciprocal connections with the prefrontal 
cortex (36, 84) (the brain area considered to be the center for cognitive functions) and 
the hippocampus (76). Long-term memory storage is thought to occur in neoconical 
areas, but the amygdala appears to be the site for storage of fear-memory (29, 65), 
whereas the hippocampus is the storage site of short-term memory and the gateway for 
consolidation of long-term memory in neocortex (20, 33, 60), Therefore, damage to 
these regions is likely to be significantly responsible for the long-term cognitive and 
behavioral deficits that follow nerve agent exposure. in both animals (9, 50, 51, 69. 70, 
71, 72, 73) and humans (18, 27, 77, 81, 97). For these reasons it is important to 
determine the neuropathological and pathophysio/O ~ · i · · ' · 
am · dala. hi - ocam us and refrnntal cortex b t 1 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s)Searched: Databases searched: BRD (Biomedical 
Research Database), DOAC (DTIC Online Access Controlledt Technical Reports, 
DOAC Research in Progress; FEDRIP, PubMed, Web of Science 

11.2.2. OaJe of Search: 18 February 2015 

11.2.3. Period of Search: 1985-2015 
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Jl.2.4. _Kev Words and Search Strateav~lbl<~> 
{b)(4) 

11.2.5. Results of Search: 
-

Database Number of Results 
PubMed" 42 . 
Web of Science* 29 
DOAC 205 (includes 0 in BRD) 
FE DRIP 2 -- - --

Total all databases 278 

No citations were found, other than our own work, to usel<bH4
> 

\0)\4) 
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female rats. The 16-20 month category is designated as "aged" by the supplier, and 
even 8 month·old male rats have been shown to be more sensitive to soman than 
immature or adult rats (101). After exposure to soman. the animals will be euthanized at 
24 hours. 1 week, 1 month. or 3 months to evaluate nerve agent-induced pathology. 
Neuronal loss, using design-based stereology, and neurodegeneration, using Fluoro
Jade-C staining will be studied in the amygdala, hippocampus, and prefrontal cortex, at 
24 hours; 1 week:; 1 month. and 3 months after soman exposure. 

In specific aim 3 we will determine whether treatment of immature 7 to 14 da s-ofd) 
and adult (50 to 70 days-old) male and female rats with._<b_X4

_> ----~~~~-~~ ........ 
protects the animals against the behavioral alterations that are observed afte ,_<b_l{ _> _ ..... 

llbJ(4) ~t 1 month and 3 months after soman exposure. we Will perform a 
comprehensive ne1.1robehaviora1 evaluation in these animals. These tests will evaluate 
motor. co nitive, mnemonic and emotional abnormalitf es known to be associated with 
(b 4) Motor performance will be evaluated 
using the rota-rod test: performance on this test has been shown to be reduced in rats 
following soman exposure (32). Cognitive impairment Will be determined using tests for 
novelty preference in the open field. and mnemonic cognitive processes will be 
evaluated using the t-maze test. performance Jn which has also been shown to be 
affected by soman exposure (32, 78), Finally; emotional behavior will be evaluated by 
measuring the acoustic startle response/pre-pulse inhibition. and with tests of 
unconditioned fear (light/dark boxes, elevated plus-maze): increases in these responses 
have been seen following exposure to soman in rats (25). 

In specific aim 3 we will also determine whether treatment of immature (7 to 14 days
old} and adult (50 to 70 days-old) male and female rats withltb)(4) I 
protects the animals a ainst alterations in s na tic lasticit and neuronal excitablllt 
that are observed afte 
b) ) 

Behavioral and pathophysioJogical studies will be performed in both the immature and 
the adult male and female rats, but not in the aged animals, where variability among 
rats In cognitive/behavioral and physiological functions may be very high even in the 
control group, making it difficult to determine the deficits resulting from thel\011

4J 
(lll\<f) 

IV. MILITARY RELEVANCE:llPlt4l 
(b)(4) 
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V. MATERIALS AND METHODS: 

V.1. Ex:oerimental Oesian and General Procedures: ltbH
4
l 

(b)(4} 

V.1.1. Experiment 1: 

A week prior to the experiments. 30%-50% of the animals will be implanted with cortical 
electrodes for electroencephalogram (EEG) recordings , These EEG recordings will be 
used to confirm the onset and intensity of behavioral convuls ions observed in the rest of 
the animals. For the EEG recordings. along with behavioral observations. the timing 
(time to onset and duration) and the intensity of seizures will be measured via 
continuous EEG monitoring. Animals will be placed in individual recording chambers, 
and a baseline EEG will be obtained before adminis1ration of any drug< 
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tbl{
4
l I The determination to 

classify a seizure as being terminated will be the progressive diminution and eventual 
elimination of repetitive high amplitude spikes or sharp waves in the EEG and the 
absence of obvious signs of clonic convulsive behaviors. For a seizure to be considered 
terminated the "EEG will have to be free of repetitive high amplitude spikes or sharp 
waves within the 3~hour EEG record ing period on the day of exposure and during the 
30-min EEG sample obtained 24 hours after exposure. 

The following dependent measures will be used to establish the effectiveness of the 
drug treatments: the speed (latency) at which the EEG "normalizes;· following drug 
treatment. the overnight change in body weight and the extent of the neuropathological 
damage at 24 hours. 1 week. 1 month. and 3 months after soman exposure. \Nith the 
dru treatment · rota.col. d.es.cri · · · v ·· · · · 

(b)(4) 
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Considerations regarding Experiment 1: 
1) In a previous protocol we have obtained neuropathology data for adult male rats 

at 24 hours and 1 week aft~r somanl(b)(a) !exposure, 
but not at 1 month and 3 months after exposure. In this study we will perform 
additional experiments in adult male rats at 24 hours and 1 week after soman, 
which are necessary for comparisons 'Nith other ages and the females. 

2) Tffe age we chose for the irrHTlature nus (7 tcs 14 days old at which time ttley 
open the.ir eyes) coincides with the rapid developmental changes in the brain. 
Ttle gender of the immature rats may not be possible to determine at the time of 
sornan exposure, but it will be determined at 1 week, 1 month and 3 months after 
soman exposure, when neuropathology and behavioral studies will be carried 
out The same issue applies to the (nominally female) immature rats in 
Experiment 2, and it is expected that the numbers of male and female animals 
will even out between the 2 experiments. If not additional animals will be 
ordered. 

V.1.2. Experiment 2: 

The experimental design of Experiment 2 is exactly the same as described in 
Experiment 1 With the exception of the use of female rats. 
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Immature, adult, and aged temale rats will be randomly assigned to groups per Tables 
4, 5, and 6 below: 

(b)(4) 
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Considerations regarding Experiment 2: 

1) The age we chose for the immature rats (7 to 14 days old at which time they 
open their eyes) coincides with the rapid developmental changes in the brain. 
The gender of the immature rats may not be possible to determine at the time of 
soman exposure, but it will be determined at 1 week, 1 month and 3 months after 
soman exposure. when neuropathology studies will be carried out. 
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V.1.3. Experiment 3: 

In specific aim 3 we will determine whether treatrri ays old) and 
aoult (50 to 70 days old) male and female rats wit (b 

4 protects the 
animals against the behavioral alterations that am o serve a er nerve agent exposure 
(Experiment 3A). At 1 month and 3 months after soman exposure, we will perform a 
comprehensive neurobehavioral evaluation in these animals. The~e tests will evaluate 
motor, cognitive, mnemonic and emotional abnormalities known to be associated with 
exposure to soman and other organophosphates. Motor performance will be evaluated 
using the rota-rod test; performance on this test has been shown to be reduced in rats 
following soman exposure (32). Cognitive impairment will be determined using tests for 
novelty preference In the open field . and mnemonic cognitive processes will be 
evaluated using the t-maze test, performance in which has also been shown to be 
affected by soman exposure (32, 78). Finally, emotional behavior will be evaluated by 
measuring the acoustic startle response/pre·pulse inhibition. and with tests of 
unconditioned fear (light/dark boxes. elevated plus-maze): increases in these responses 
have oeen seen following exposure to soman in rats (25). 

In specific aim 3 we will also perform electrophysiological experiments to determine 
whether treatment of immature (7 to 14 days old) and adult (50 to 70 days old) male and 
female rats withl(b)(4) I protects the animals against alterations in 
synaptic plasticity and neuronal excitability that are observed after nerve agent 
exposure (Experiment 38). At 1 month and 3 months after soman exposure, rats will 
be euthanized, and brain slices containing Ole amygdala. hippocampus and prefrontal 
cortex will be preparnd. Alterations in neuronal excitability and synaptic plasticity (long
term potentiation) in these three brain regions will be performed using both whole-cell 
recordings and extracellular, field potential recording techniques. 

Behavioral and electrophysiOlogical experiments will be conducted in both immature 
and adult male and female rats; but not in aged animals. Varlabflity among aged rats in 
cogn itive/behavioral and physiolog ical properties may be very high even in the control 
group. making it difficult to determine the functional deficits resu-·in fi m · - x 
o o a n t ti terr h (b)l4> 

Experiment JA: To determine wheU1er treatment oi immature f.1 tq :14 da;v,s ~Id) and 
adult (50 to 70 days old) male and female rats with _(bl<

4
> _protects 

the animals against the behavioral alterations that a re observed after nerve agent 
exposure, 

(b)(4) 
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(b)(4) 

A week prior to the experiments. 30%-50% of the animals will be implanted with cortical 
electrodes for electroencepl'lalogram (EEG) recordings. Ttiese EEG recordings will be 
used to confirm the onset and intensity of behavioral convulsions observed in the rest of 
!he animals. For the EEG recordings, along with behavioral observations , the timing 
(time to onset and duration) and the intensity crf seizures wHI be measured via 
continuous EEG monitoring (animals will be placed in individual recording chambers. 
and a baseline EEG will be obtained before administration of any drug). 

(b)(4) 

l(DJ\4l IThe determination to classify a seizure as being terminated will 
be the progressive diminution and eventual elimination of repetitive high amplitude 
spikes or sharp waves in the EEG and the absence of obvious signs of clonic 
convulsive behaviors. For a seizure to be considered terminated the EEG will have to 
be free of repetitive high amplitude spil<es or sharp waves within the 3-hour EEG 
recording period on 1he day of exposure and during the 30-min EEG sample obtained 
24 hours after exposure. 

(DX4) 

We will perform a comprehensive battery of behavioral and neurological tests (see 
Section V.4.4.6. 8etiaviora1 Studies on the bl rats. tnelrb)(a) I 

(b)(4) 1 month and 3 months 
after soman exposure. These tests Will evaluate motor, cognitive, mnemoni'c and 
emotional abnormalities known to be associated with ... ltb_H4_> _________ __, 
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1(6><
41 I Motor performance 'Nill be evaluated using the roto-rod te~t: 

gertormance on this test has been shown to be reduced in rats folJowinglM?4: I 
I< (4) !Cognitive impairment will be determined using tests for novelty 
preference in the open field, and mnemonic cognitive processes will be evaluated using 
the t-maze test, performance in which has also been shown to be affected by soman 
exposure (32, 78, 79). Finally. emotional behavior will be evaluated by measuring the 
acoustic startle response/pre-pulse inhibition. and with tests of unconditioned fear 
(lighVdark boxes, elevated plus-maze); increases in these responses have been seen 
follow1n~b)(4) lin rats (25). 

(0 )\4) 
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(b)(4) 

Immature (7 to 14 davs old). and adult (50 to 70 days old) male and female rats will be 
l(bH4l I One month or three months after 
<bX4

> I electrophysiological experiments will be conducted in the 
l<t>>l4J I 

Pathophysiological alterations will be studied in in vitro brain slices containing the 
arnygaala and hippot.3mpus and in slices from the prefrontal cortex. These studies will 
be perfonned using both extracellular. field potential recording techniques and whole= 
cell recordings. 

(0)(4) 
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iP){4) 

vivo, information obtained using non-animal modefs may not accuratery reflect a drug's 
action in a whole animal. 

V.3.,2. Animal Model and Spc;icies Justification: Immature (7 to 14 days old). 
adult (50 to 70 days old), and aged (16 to 20 months old) Male and Female Sprague
Dawley (SD) rats (Rattus norvegicus} will be used for these experiments. SD rats have 
been chosen as a suitable species and animal model for this research because they 

USU HS Form 3206 - Revised October 2008 
Previous versions are obsole1e 

25 



have been extensively used in nerve agent research to evaluate new medical 
countermeasures. AJso, the SD rat is a primary model used in studying the 
pathophysiology of the amygdala. hippocampus. and prefrontal cortex. Consequently. it 
1s helpful to use the same animal to make comparisons with the literature. Rats can 
provide up to eight 400-µm thick brain slices per animal. By using the SD rats , we can 
produce high quality slices and thus facili tate and expedite the acquisition of data. The 
rat brain slice preparation allows stable whole-cell patch clamping recording and various 
pharmacological manipulations under controlled conditions. Thinner slices can easily be 
prepared for morphological staining. Lactating surrogate mothers will be required to 
accompany the rat pups that have not yet been weaned. 

V.3.3. Laboratory Animals: Note that all animals used in ExFeriments 1. 2 and 3A and 
B will be purchased and received by the principal investigator >~e) I at USUHS. 

V.3.3.1. Genus & Species: 
Species #1 

Rattus norvegicus 

V.3.3.2. Strain/Stock : Sprague-Dawley 
l(b){4) 

V .3.3.3. SourceNendor : I L.16-k4_> ____ ___, 

V.3.3.4. Age: 7-14 days (males and 
females) 
50-70 days (males and 
females) 
16-20 months (males 
and females) 
Adult lactating retired 
breeders (age to be 
determined by vendor) 

V.3.3.5. Weight: Appropriate for age at 
time of delivery 

V.3.3.6. Sex: Male and Females for 
experimenta I animals 
Female for lactating 
surrogate mothers 

Species # 2 

V.3.3.7. Special Considerations: Lactating surrogate mothers (retired breeders 
from the supplier) will be required to travel 
with the immature rats that have not yet been 
weaned and to be housed with pups at 
USUHS. Single housing is required after EEG 
surgery on adult and aged rats to prevent 
animals from interfering wilh implant healing. 
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Single housing is also required after agent 
exposure when animals may still be sick or 
debilitated. Animals may be pair-housed until 
tne day of surgery, after which they must be 
singly housed. 

V.3.4. Number of Animals Required (by Species): 
(b)(4) 

V.3.5. Refinement. Reduction, Replacement (3 Rs): 

V.3.5.1. Refinement 
Rats will be anesthetized with isofiurane and reach a surgical plane of anesthesia for 
restraint purposes before decapitation for preparation of brain slices. All EEG surgery 
will be performed under appropriate anesthesia and pre=and post~surgical analgesics 
will be used to relieve pain. Any rat exhibiting signs of pain or impairment beyond that 
from this model will be euthanized at an early endpoint per paragrapti V.4.5. 

V.3.5.2. Reduction: 
Use of an in vitro brain slice preparation in Experiments 38 allows the harvest of 
multiple brain slices per rat, thus significantly reducing the number of animals needed to 
obtain the proposed data, Power calculations have been performed to determine the 
minimum number of rats needed to reach statistical significance for eacti experiment. If 
the first 6 animals in in vivo treatment groups (Experiments 1, 2 and 3A and B) survive, 
the remaining 4 animals will not be ordered. 

V,3.5.3, ReplacemerJ.t: 
Biological response to drug treatment is highly complex; no alternative to animal 
experimentation is available or practical. We are using a rodent model (rat) versus a 
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nonhuman primate model. The rat model is the least sentient and smallest animal 
model we could use for this study and still obtain acceptable results. In addition, we wm 
perform a series of morphological measurements that require a sufficiently large animal 
to assure that there is sufficient brain mass fer multi pie samplings. Mice would rrot be 
sufficient. 

V.4. Technical Methods: 

V .4.1. Pain J Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

In this protocol 288 lactating mothers from Experiments 1, 2, and 3A and B will be 
available for transfer for training or experimental purposes, or euthanized if they cannot 
be used {Column 8) . Six hundred eight (608) male SO rats from Experiment 1 and 3A 
and Band 608 female SD rats from Experiment 2 aB~ ?A and 8 will recejve an injection 
of saline instead of nerve agent in combination wit~ ~ I and 
therefore will experience no pain (Column C). Eight hundred (800) male SD rats from 
Experiment 1 and 3A and Band 800 female SD rats from Experiment 2 and 3A and B 
will be injected with nerve agent and experience intense seizures. V\lhile the 
drugs/treatments under investigation may reverse some of these signs during certain 
phases of these experiments. these animals Yv'ill experience some level of seizure or 
physical stress and discomfort for some period of time during the experiments and will 
be included in Column E (Non-alleviatea pain) . 

V.4.1.1.1. Number of Animals: 

V.4.1 .1.1.1. Column C; 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

ft>)(4) 

0 

V.4.1.2. Pai,n Relief I Prevention: 

V.4.1.2.1. Anesthesia/AnalgesialTranquillzatlon: 

Species #2 

For surgical impfantation of corticaf electrodes for EEG recordings, animals will 
receive one dose of oupref1orphine (0.05 mg/kg s.c.) before any incisions are made. 
The animals will be anesthetized Vv'ith isoflurane (3% for induction, 2.0-2.5% for 
maintenance; with oxygen). Anesthesia wrn be induced by lsoflurane vapor in 100% 
oxygen in a commercially available induction chamber. Once anesthesia is induced , 
animals will be transferred to the designated surgery area and anesthesia will be 
maintained via nose cone. To monitor 1he depth of anesthesia (including during surgery 
time) we will test whether the animal has lost its toe pinch (pedal withdrawal) reflex. 
Prior to incision, animals will receive bupivicaine at electrode placement sites (infusion 
of surrounding tissue), at a maximum of 0.2 ml within any one animal, and 
buprenorphine HCI (0.05 mg/kg, s.c.) to assist in post-operative pain management. 
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Following surgery for implantation of cortical electrodes, animals will receive 
buprenorphine HCI (0.05 mg/kg. s.c.), which will be given at a minimum one time at the 
end of the day of surgery, just before close of business. This is in addition to the 
preemptive dose given prior to surgery, All surgeries should be performed in the AM. 
Additional doses may be given every 8-12 hours, up to 3 days after the surgery as 
needed. in consultation wlth the attending veterinarian. 

The buprenorphine dose may be increased, up to a dose of 0.25 mg/kg i.m. or s.c. at 
each buprenorphine dosing time point, depending on the pain status of the animal. 
Dose will not be adjusted without approval of the attending veterinarian. 

For brain pathology studies, the animals will be anesthetized with 75-100 mg/kg, i.p., 
sodium pentobarbitar prior to euthanasia. 

For amygdalo·hippocampal and prefrontal cortex slice preparations. rats will be 
anesthetized b -lsoflurane inhalation under a hood until the · are non-res -onsive to toe
pinch, ( l 

V.4.1.2.2. Pre- and Post-orocedural /not suraerv) Provisions: 
(b)(4) 

V.4.1.2.3. Paralytics; NIA 

USUHS Form 3206 - Revised Ociober 2008 
Previous versions are obsolete 

29 



V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Secirched: : BRO (Biomedical Research Database), DOAC (DTIC 
Online Access Controlled)* Technical Reports, DOAC Research in Progress, FEDRIP, 
PubMed, Web of Science 

V.4.1.3.2. Date of Search: 18 February 2015 

V.4.1.3.3. Period of Search: 1985-2015 

V.4.1.3.4. Kev Words of Search:l(b)(4) 
(O)l4) 

V.4.1.3.5. Results of search: 

Database 
Pub Med• 
Web of Science* 
FEDRIP 
Total all databases 

Number of Resuits 

~Duplicate citations removed in PubMed/VVeb of Science bibliography 

5 
27 

8 
40 

I 

The references found in this search cited the use of several in vitro models, including 
primary n~uronal cultures and acute and organotypic hippocarnpal slices. The cited 
studies investigated protection from neurotoxicity, release or uptake of 
neurotransmitters, gene expression, and electrophysiological effects of ACh stimulation. 
We will use hippocampal, amygdala, and prefrontal cortex slices obtained from rats in 
this protocol. None of the other models offer any advantage over the slice preparations 
we propose to use. None are able to duplicate the behavioral convulsions. 
electrographic seizures, or brain damage produced in an in vivo animal model, which 
are necessary to evaluate anticonvulsant and neuroprotective drugs. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification ; 
There is no alternative for inducing brain damage in rats that mimics the damage 
caused by nerve agents to determine whether a compound is neuroprotective. The only 
way to determine the neuroprotective efficacy of a putative drug is to cause actual 
status epilepticus in an animal model to induce damage prior to administration of the 
neuroprotective compound and to determine the number of surviving neurons. 

(b)(4) 
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V.4.2. Pro·longed Restraint: NIA 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: 

A week prior to the experiments described in Experiment 1, 2 and 3A and B. 30%-50% 
of the animals will be implanted with cortical electroaes for electroencephalogram (EEG) 
recordings. These EEG recordings will be used to confirm the onset and intensity of 
behavioral convulsions observed in the rest of the animals. Animals will receive one 
dose of buprenorphine (0,05 mg/kg s.c,) before any incisions are made. Anesthesia will 
be induced by isoflurane vapor in 100% oxygen in a commercially available induction 
chamber. Once anesthesia is induced. animals will be transferred to the designated 
surgery area and anesthesia will be maintained via nose cone. See Section V.4.1.2.1 
Anesthesia/Analgesia!Tranquilization for details. 

When the animal is anesthetized, its head will be shaved with a hair clipper. The head 
will be cleaned with betadine and alcohol. each repeated 3 times alternately. Then the 
animal will be placed into a stereotaxic frame (appropriate frame size will be used for 
rats) after treating its pressure points such as ears and nose with lidocaine jelly. A 
heated pad with thermister~controlled feedback Will be put between the animal's body 
and the base of the stereotaxic frame. Ophthalmic ointment will be applied 10 the eyes 
to prevent dryness. The body will be covered with a sterile drape with an opening to 
expose the head, Prior to incision, animals will receive bupivicaine at electrode 
placement sites (infusion of surrounding tissue) to assist in pain management. The 
injection volume will be limited to the minimum required for pain control, to minimize 
health risks. Care will be taken to avoid systemic effects. 

V.4.3 • .2. Procedure: 
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The skin will be incised longitudinally along the midline from eye level to the neck level 
and retracted to the sides with hemostats. The periosteum will be scraped off from the 
skull. Five stainless steel machine screws (the smallest possible size that provide 
adequate anchoring) will be used as electrode contact and simultaneous anchoring 
points for the headpiece that will be built from acrylic cement to secure the female 
electrode connector in place. The screws will be manually positioned in the frontal or 
parietal bone plates and one over the cerebellum. The screws will be partially screwed 
in manually without penetrating the dura mater. 

V.4.3.3. Post-surgical Provisions: 

Excess cement will be removed from the headpiece to make its edges smooth. If 
necessary, skin will be sutured at both ends of the incision line. The animal will be 
released from the stereotaxic frame and placed in a recovery cage on a chemical 
pocket warmer wrapped in cloth or paper until the animal fully recovers from anesthesia. 
Alternatively, the animals may be placed in a forced-air recovery chamber warmed to 34 
°C. Once fully awake and pertorming purposeful movements, the animal will be moved 
back to the holding area. At least 7 days will be allowed for recovery after surgery 
before any experimentation. 

Only the rats that maintain good health fallowing the surgery will be used for 
experiments. This decision will be jointly made by the animal-care personnel and the 
investigators. Ali efforts wiU be made to provide all animals with the best care possibte. 
Each animal will be individually monitored throughout the study by experienced 
personnel from our laboratory. We will also closely work with the veterinarian and 
animal-care staff of the animal facility to ensure that adequate treatment is provided in a 
timely manner should it be deemed necessary. 
After surgery, the animals will be placed in a clean cage provided with a recirculating 
warm-water veterinary heating pad or in a forced-air recovery chamber warmed to 34 "C 
to maintain proper body temperature. After recovery from anesthesia (evidence of 
righting reflex and purposeful movements) the animal will be given at least one dose of 
an analgesic, buprenorphine HCI (0.05 mg/kg s.c.), for post-operative analgesia, which 
will be given every 8-12 hours up to 3 days after the surgery. The medication will be 
administered by the by Pl or by qualified Pl staff. If necessary, based on consultation 
with the attending veterinarian, additional buprenorphine may be given as needed. 
Additional doses of buprenorphlne will be given if required, based on assessment of Pl 
and attending veterinarian of animal's condition, which will include assessment of the 
presence of the following signs of pain/distress: hunching, abnormal gait, abnormal 
attitude (increased or decreased aggression), inability to move to food/water. excessive 
porphyrin staining of eyes/nose, shuddering or twitching, unkempt appearance, and 
vocalization when handled. 

Following at least 1 hour on the warming pad or in a forced-air recovery chamber, upon 
full recovery in which the animal can maintain an upright posture and is ambulatory, the 
animal will be returned to its holding room cage. Laboratory personnel will provide the 
care of the animal until full recovery if it has not already occurred. All animals will be 
checked at least once 30 minutes after return to home cage, to ensure recovery is 
continuing, and at least once again just prior to the end of the work day to ensure 
animals are recovering normally. Animals will be examined at least once daily by the Pl 
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staff for one week post-surgery to ensure that no complications occur. Observations will 
be recorded for each animal in a place that is accessible to the animal care staff (post
surgery cage cards may be used for this purpose). Pl staff observations will be separate 
from routine observations conducted by the ariirmu care sta ff. 

After surgery the animals will be monitored daily and, in case of signs of infection, 
neomycin will be applied topically. 

V.4.3.4. Location: 
~ries (implantation of electrodes) will be performed at ~S~HS io LAM Ro~m 
t::._J Euthanasia and perfusions will be performed in roo~(b)( > _at 
usu HS. Euthani:zatlon will occur in chemical hoods in li6>(6> I 
It is anticipated that all of the EEG surgery will be performed at usu HS (LAM). 

V.4.3.5. Surgeon: 
f6)(6) 

V.4.3.6. Multiple Major Survival Operative Procedures: NIA 

V.4.3.6.1. Procedures: N/A 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4; !'-nimal ManipJ!,~1!.QJ1s ; 

V.4.4.1. lnlections: 
All drug injections will be pe,;,.rf..,.o.,..r_m._.e ... d._.u.._.s._.in_....._....._..~-...._..._... ...... ......_ ....... ......__..._...~ ...... ......_...., 
5J8" needles. In ections on lb 

lb><4> All these compounds will ~- ~_a_a;_d~o~ellkalions to dellver volumes 
of 0.5 ml/kg. Vehicle solutions for b ( > is saline and for 

l<b)t4> fn1e control animals for th ___ (b _( _J ========-" 

compound-treated groups will receive just the appropriate vehicle. Anesthesia and 
analgesla will be administered as described In Section V.4 .1.2.1 
Anesthesia/Analgesiarrranquilization. 

(b)(4) 
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V.4.4.2. Biosanmles: 
(l:>)l4) 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. Memoctonal Antibody CMAbs) Produtti(}n: NIA 

V.4.4.5. An imat ldentlflcatlon: 
Cage cards , headpieces numbered with nontoxic ink_ This will be the responsibility of 
the USUHS research team. 

V.4.4.6. Behavioral Studies: 
The following procedures will be pertormed at the USUHS: 

Rotarod test: It measures an animal's ability to maintain balance oy coordinating 
movement and making postural adjustments. It also measures the ability to improve 
these skills with practice. Each rat rotarod treadmill consists of a motor-driven drum 
with constant speed or accelerating speed modes of operation. The drum (7.0 cm 
diameter) allows each animal to maintain a suitable grip, It is divided into four test 
zones (8.9 cm wide) so that up to four animals may be tested at the same time. The 
device consists of a smooth hard plastic cylinder with concentric circular plastic sides 
(39. 7 cm diameter) to prevent the rat from laterally climbing off the cylinder. Rats are 
placed on the device racing the wall with the rnd rotating in the direction opposite from 
the animal (so that the rat uses its paws to pace forward and avoid falling off the rod) . 
When a rat falls off the rotating drum (height of 26.7 cm). it breaks a photobeam, 
stopping t11e timer associated with that zone. In each trial, the speed of rotation is 
increased from 0 revolutions per minute (rpm) to 35 rpm for a maximum of 3 or 5 min. 
The mean duration on the deVice (based on 3 consecutive trials) is recorded. 
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Preference for Novelty (Open Field): Testing will be performed in a Plexiglas cage 
{56cm x 34cm x 20cm) with the floor divided in 18 equal squares. Three identical 
aluminum cubes will be evenly distributed in the cage in fixed positions. Three other 
cubes will make up the novel objects. One novel object will be similar to the neutral 
cubes in that its top will be uneven with tracks making up a square pattern (tactile 
stimuli). One novel object will be identical with the neutral objects except that a slight 
smear of cheese will be placed on the side facing the experimenter (olfactory stimuli). 
The third object will be similar to the neutral blocks except that it will be slightly smaller 
with uneven sides (visual stimuli). Locomotor activity will be measured using an 
Omnitech Electronics Digiscan infrared photocell system. One-hour activity 
measurements are obtained during animals' active or dark cycle. 

T-maze: The task is based on the premise that animals have evolved an optimal 
strategy to explore their environment and obtain food with a minimum amount of effort. 
The T-maze apparatus is made of white Perspex. The runway of the maze is 80 cm 
long and its side arms are 30 cm long. The width of the maze is 10 cm and the walls are 
1 O cm high. A gutllotine door is used to open the start box and two additional doors are 
used to block access to the arms, as necessary. Distinctive extra-maze cues are placed 
in the surrounding walls. Habituation sessions will be performed during 2 consecutive 
days, allowing free exploration of the maze for 15 min each day. Each rat will receive 10 
precision pellets of food, scattered evenly throughout the maze, on each of the 
habituation sessions. During training each trial consists of a sample run and a test run. 
In the sample run, rats will be placed at the start position and required to make a forced 
choice by blocking the access to one of the arms. Two pellets will be positioned at the 
end of the open arm. The rats will be allowed to eat the pellets and will be immediately 
placed in a holding cage for 10 s before being returned to the maze for the test run. In 
the matching-to-place (MTP) and the non-matching-to-place (NMTP) versions of the 
task the reinforced choice in the test run is either the previously visited arm (MTP) or the 
arm opposite (NMTP). Each rat will perform 1 block of 10 trials each day. The sequence 
of arm visits (sample runs) will be randomized for each experimental subject. 

Acoustic Startle Response: ASR testing will be conducted with a Startle Response 
Acoustic Test System (Coulbourn Instruments, PA). This system consists of a weight
sensJtive platform in a sound-attenuated chamber. The animals' movements in response 
to stimuli will be measured as a voltage change by a strain gauge Inside each platform 
and will be converted to grams of body-weight change following analog to digital 
conversion. These changes will be recorded by an interfaced computer as the maximum 
response occurring within 200 ms of the onset of the startle-eliciting stimulus. All 
acoustic stimuli will be administered by an amplified speaker mounted 24 cm above the 
test cage. During testing, animals will be individually placed in holding cages (14.5 x 7 x 
6.5 cm) that are small enough to restrict extensive locomotion. but large enough to allow 
the subjects to turn around and make other small movements. These will then be placed 
on the weight-sensitive platform. Following placement of the animal into the chamber, 
the chamber lid wlll be closed, leaving the subject in darkness. A three-minute 
adaptation period occurs in which no startle stimuli is presented. Startle stimuli consist 
of 120 dB Sound Pressure Level (unweighted scale; re: 0.0002 dynes/cm2) noise bursts 
of 20 msec duration. In addition to the 120 dB stimuli, the 110 dB level will also be used 
for comparison to insure that the 120 dB stimulus level not only will meet a response 
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threshold but also will not reach a leveling out of the maximum response. Thus 
confirmed. results will be given for the 120 dB level only. Decibel levels will be verified 
by a Radio Shack Sound Pressure Machine Model 2800 (Provo, UT). Each stimulus will 
have a 2-ms rise and decay time such that onset and offset will be abrupt, which is a 
primary criterion for startle. Each trial type (120 dB, 110 dB, or no stimulus) will be 
presented eight times. Trial types wiH be presented at random to avoid order effects and 
habituation. Inter-trial intervals will range randomly from 15 to 25 s. 

First day: 
Rats will be tested on the rotorod and light-dark task/open field behavior test in the 
morning of the first day and they will be tested in the T-Maze test in the afternoon of the 
first day. 

Second day: 
On the second day they will be acclimated to the acoustic startle response equipment 

Third day: 
On the third day rats will be acclimated to the Open Field equipment and 30 minutes 
after that they will have a second acclimation to the Acoustic Startle response. 

Forth day: 
On the fourth day they wtll be tested on the Open Field test and 30 minutes after that 
they will be tested on the Acoustic Startle Response. 

Each rat in Experiment 3 will be given two rounds of 4 days of behavioral testing as 
described on page 32. 

V.4.4.7. Other Procedures: 
On the day of exposure to the nerve agent the animals will be connected to recording 
leads via the connection plug on their heads. Brain EEG activity will be recorded while 
they are in cylindrical plastic recording chambers. 16" in diameter and 26" high with lso
pad bedding on the floor, where they are free to move about. The period of confinement 
in the recording chambers will not exceed 3 hours on the experimental day or 1 hour on 
the day after. 

The following 5 procedures will be performed at the USUHS: 

Histology: Twenty~four hours, 1 week, 1 month. or 3 months after soman exposure, 
the animals will be deeply anesthetized using 75-100 mg/kg, i.p., sodium pentobarbital, 
and transcardlally perfused with PBS (100 ml) followed by 4% parafarmaldehyde (250 
ml) in PBS. The brains will be removed and post-fixed overnight at 4° C, then 
transferred to a solution of 30% sucrose in PBS for 72 hours, and frozen with dfY ice 
before storage at --80° C until sectioning. Sections containing the rostro~caudal extent 
of the BLA, the hippocampus, and the prefrontal cortex will be cut at 40 µm on a sliding 
microtome. One series of sections will be mounted on slides (Superfrost Plus; Oaigger, 
Vernon Hills, IL) in PBS for Nissl staining with cresyl violet An adjacent series of 
sections will also be mounted on slides for Fluoro-Jade C staining. 
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Fluoro-Jade C staining (Histo-Chem, Jefferson, AR) will be used to identify irreversibly 
degenerating neurons in the amygdala, the hippocampus, and the prefrontal cortex. 
Mounted sections wrli be air~dried overnight and then immersed in a solution of 1 % 
sodium hydroxide in 80°/o ethanol for 5 min. The slides will then be rinsed for 2 min in 
70% ethanol and 2 min in deionized water {dH20). and incubated in 0.06% potassium 
permanganate solution for 10 min. After a 2-min rinse in dH20, the slides wifl be 
transferred to a 0.0001 % solution of Fluoro-Jade C dissolved in 0.1 % acetic acld for 1 O 
min. Following three 1-min rinses in dH20. the slides will be dried on a slide warmer, 
cleared in xylene for at least 1 min and coverslipped with DPX {Sigma). Fluoro-Jade C 
stained sections undergo tissue shrinkage, so they cannot be used for stereological 
quantification. 

Stereo/ogica/ quantification: Design-based stereology will be used to quantify the 
total number of neurons on Nissl-stained and GAD67-stained sections. Sections will be 
viewed with a Zeiss Axioplan 2ie (Oberkochen, Germany) fluorescent microscope with a 
motorized stage, interfaced with a computer running Stereolnvestigator 7.5 
(MicroBrightField. Williston, VT). Estimated totals will be determined using the 
fractionator probe, and all sampling wilt be done under a 63x oil immersion objective. 

GJutamic acid decarboxylase-67 (GAD67) immunohistochemistry: Our previous 
studies have demonstrated delayed loss of GABAergic interneurons in the BLA (31, 86). 
To determine what proportion of the lost neurons are GABAergic interneurons, we will 
combine stereological quantification with GAD67 immunohistochemistry. To label 
GAD67-immunoreactive neurons, a 1-in-5 series of free-floating sections will be 
collected from the cryoprotectant solution, washed three times for 5 min each in 0.1 M 
phosphate buffered saline (PBS), then incubated in a blocking solution containing 10% 
normal goat serum (NGS; Chemicon, Billerica, MA) and 0.5% Triton X-100 in PBS for 
one hour at room temperature. The sections will then be incubated with mouse anti
GAD67 serum (1 :1000, MAB5406: Chemicon), 5% NGS. 0.3% Triton X-100, and 1% 
bovine serum albumin, overnight at 4°C. After rinsing three times in 0.1 % Triton X-100 
in PBS, the sections will be incubated with Cy3-conjugated goat anti-mouse antibody 
(1:1000; Jackson lmmunoResearch, West Grove, PA) and 0.0001% DAPI (Sigma
Aldrich, St Louis, MO) in PBS for one hour at room temperature. After a final rinse in 
PBS, sections will be mounted on slides, air dried for 30 min, then coverslipped with 
Prolong Gold antifade reagent (lnvitrogen, Grand Island. NY). 

Brain slice e/ectrophysiology: Coronal slices containing the amygdala and the 
hippocampus, and slices containing the prefrontal cortex will be prepared from 
experimental and control rats, 1 month and 3 months after soman exposure. The rats 
will be anesthetized with isoflurane and then decapitated. The brain will be rapidly 
removed and placed in ice-cold artificial cerebrospinal fluid (ACSF) composed of {in 
mM) 125 NaCl. 2.5 KCI, 2.0 CaCl2, 2.0 MgCl2, 25 NaHC03, 1.25 NaH2P04, and 22 
glucose, bubbled with 95% 02 and 5% C02 to maintain a pH of 7.4. Coronal slices 
containing both the hippocampus and the amygdala, and coronal slices containing the 
prefrontal cortex will be cut at 400 µm with a Vibratome (Series 1000; Leica 
Microsystems, Bannockburn, IL). Slices will be kept in a holding chamber containing 
oxygenated ACSF at room temperature, and recordings will be initiated ;::1 hr after slice 
preparation. For whale-cell recordings, sfices will be transferred to a submersion-type 
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recording chamber, where they will be continuously perfused w itl1 oxygenated ACSF, at 
a rate of 3-4 ml/min. Neurons will be visualized with an upright microscope (Nikon 
Eclipse E600fn; Nikon, Tokyo, Japan) using Nomarski-type differential interference 
optics through a 6Qx water immersion objective. Tight-seal (> 1 GO) whole-cell 
recordings will be obtained from the cell body of pyramidal-shaped neurons in the BLA 
region. the pyramidal layer in the CA1 hippocampal area. and the layer Ill and V 
pyramidal cells of the prefrontal cortex. Patch electrodes will be fabricated from 
borosi licate glass to have a resistance of 1.5-5.0 MO when filled with a solution 
containing (in mM) 135 Cs-gluconate, 10 MgCl2, 0.1 CaCl2, 1EGTA,10 HEPES, 2 Na
ATP, 0.2 Na3GTP, pH 7.3 (285-290 mOsm). Neurons will be voltage-clamped using an 
Axopatch 2008 amplifier (Molecular Devices, Sunnyvale. CA); some recordings will be 
obtained in the current-clamp mode. Access resistanc.e (5-24 MO) will be regularly 
monitored during recordings , and cells will be rejected if res istance changes by >15% 
during the experiment. The signals will be fil tered at 2 kHz, digitized (Digidata 1322A; 
Molecular Devices). and stored on a computer using pClamp9 software (Molecular 
Devices) . Analysis of recorded currents will be performed using pClamp9 software and 
the Mini Analysis Program (Synaptosoft, Inc .• Leoma, NJ). Extracellular field potentials 
will be obtained from the BLA, while stimulus pulses are applied to the externa l capsule, 
the CA1 hippocampal area. while stimulation is applied to the Schaffer collaterals, and 
layer Ill and V of the prefrontal cortex slices, while stimulation is applied to the 
subcortical white matter . Recording electrodes will be filled with ACSF {resistance: 4 to 
7 MO). To determine alterations in neuronal and network excitability, whole-cell 
record ings will be performed in the current-clamp mode to determine changes in the 
intrinsic excitability parameters of pyramidal cells in the BLA region of the amygdala, the 
CA 1 hippocampal area. and layers Ill and V of the prefrontal cortex, in slices obtained 
from the experimentaJ and control groups. at 1 and 3 months following exposure to 
soman (or saline. for the controls). The following parameters will be measured: resting 
membrane potential, neuronal input resistance, action potential threshold, action 
potential characteristics. spontaneous firing, and firing characteristics in response to 
depolarizing current pulses passed via the recording electrode. l/Vhole-cell recordings in 
the voltage-clamp mode will also be performed to determine differences, among 
experimental and control groups, in spontaneous GABAergic and glutamatergic activity 
in the BLA region of the amygdala. the CA 1 hippocampal area, and layers Ill and V of 
the prefrontal cortex. These experiments will provide an insight into soman-induced 
alterations in the intrinsic excitability of pyramidal neurons in the BLA. the CA 1 region , 
and the prefrontal cortex , as well as alterations in the basal, spontaneous activity of the 
two major neuro1ransmitter systems that control neuronal network excitability <the 
GABAergic and the glutamatergic system), and the extent to which thel.'-6_><

4
_> _ __ -1 

f6>4> !administered 30 or 60 min after soman expos ure prevent these alterations. 
For alterations in synaptic plasticity, we will test the hypothesis that soman-induced 
seizures and the resulting neuronal damage alter synaptic plasticity in the amygdala , 
the hippocampus, ang tre orefro:taLcort~xl _~nd that termination of the seizures by 
administration of thd ><tt' F ill minimize these alterations. Synaptic 
plasticity will be studied by 1nves gat ing t e characteristics of long-term potentiation 
(l TP) of synaptic transmission. as we have done previously in both amygdala slices (3) 
and cerebral cortex slices (2a). In brain slices obtained from rats from experimental and 
control groups, sacrificed 1 or 3 months after exposure to soman (or sa line. for the 
control groups) , field potentials and compound EPSCs will be recorded in the BLA. the 
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CA 1 area, and in the prefrontal cortex in response to electric stimulation of the external 
capsule, the Schaffer collateral/commisural pathway, and the subcortical \.vhite matter, 
respectively. Because L TP is considered to be the cellular mechanism underlying 
learning and memory, these e><periments may provide an explanation for tile mernory 
impairment and other cognitive deficits that result from exposure to nerve agents; and 
will detennine rf th~<6R4l lean prevent alterations in synaptic plasticity 
by soman. 

Animal monitoring: Animals will be examined after return to their home cage. 
approximately 30 minutes after return, and once again that day near end of the work 
day by the USU HS research team. Animals will be checked at least once daily for one 
week post-exposure by the USUHS Pl and staff. Observations wHI be recorded 
somewhere accessible to animal care staff. USU HS Pl and staff observations for 
specific signs related to surgery will be in addition to routine observations conducted by 
the animal care staff. 

(b)(4) 
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V.4.4.8. Tissue Sharing: 
Tissues not used in this study may be made available to other investigators as required. 

V.4.5. Study Endpoint: 
For Experiments 1, 2, and 3A and B the endpoint is euthanasia of the male and 
female rats for neuropathologica l studies. preparation of brain slices. or at tt1e end of the 
behavioral experiments, within 4 months of receipt at USU HS. The study endpoint for 
the surrogate mothers is the time when the pups are weaned or removed for 
experiments. 

(b)(4) 

Early Endpoint: Any of the following will represent a reason for early e1J'thanasia: 
inability to ambulate or reach food or water, persistent seizures. persistent tremors, self 
muti lation. continuous circling, or persistent labored respiration or gasping, loss of 20% 
of weight below baseline1 prostration/inactivity for up to 24 hours, or a signfficant decline 
in vital signs. These signs, if observed by animal facility personnel and no study 
personnel can be reached, may be taken by the veterinarian as cause for el.ithanasia. 
Some behavioral changes may be caused by nerve agent-induced seizures and will not 
represent early endpoints: lethargy, weakness, inability to walk straight and uncertain 
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ambulation {as long as it does not interfere with the animal's ability to eat and drink), 
intermittent abnormal breathing pattern. 

V.4.6. Euthanasia: 
If any of the experimental animals develop serious complications due to the agent 
exposure and/or associated treatments while at USAMRICD, the animal may be 
euthanized early with an overdose of pentobarbital (>75 mg/kg, IP) or carbon dioxide 
administered from a cylinder upon consultation between the Pl and the attending 
veterinarian. Cervical dislocation wHI be used to confirm death by C02. 

For brain pathology studies, at USU HS the animals will be anesthetized with 75-100 
mg/kg, i.p., sodium pentobarbital, until a surgical plane of anesthesia is reached (non
response to strong toe-pinch) and then exsanguinated via perfusion with normal saline 
followed by 4% paraformafdehyde. 

For brain slice preparations, rats will be anesthetized with isoflurane inhalation under 
a chemical fume hood and euthanized by decapitation. Each animal will be placed in a 
transparent chamber containing a gauze pad saturated with 1 ml of isoflurane. A false 
bottom will be placed over the gauze pad to prevent the animal from contacting the 
isoflurane. An airtight lid will be placed on the cage and when the animal has lost its toe 
pinch (pedal withdrawal) reflex and eyelid blink (palpebral) reflex, and is immobilized, it 
will be removed from the cage and decapitated with a guillotine. Alternatively, the 
animal may be anesthetized in a commercial induction chamber with isoflurane vapor in 
100% oxygen from a vaporizer. 

Fallowing the collection of tissues the remaining carcass will be disposed of IAW the 
most recent version ofVMSB SOP VM-08-301, "Animal Euthanasia." 

Comments on the use of decapitation: The guillotine will be maintained in a sharpened 
condition to ensure rapid and clean decapitation. In the past, one guillotine has been 
effective for approximately 200 rat decapitations without sharpening. Commercial 
sharpening will be performed after every 200 procedures or sooner if needed to ensure 
continued sharpness. The Pl has utilized guillotines in two other protocols as co
investigator and three as Pl and is proficient ln their use. Any other personnel on this 
protocol will not assist until they have been trained in the use and safety considerations 
by the Pl and are proficient. Decapitation is preferred over other euthanasia procedures 
because it minimizes residual medications that might affect neuronal responses to 
stimulation. 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

The rats will be maintained under an AAALAC accredited animal care and use program. 
They will be acclimated upon arrival for 5 days. Animals will be housed in an approved 
animal holding room after release from acclimation. They may be pair-housed but must 
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be individually housed post-surgery to ensure no interference with the surgical sites. 
rood and water will be freely available except during ihe exposure period. The 
veterinary staff will provide daily checks of general health and provisions of food and 
water. 

lDJl4J 

V.5.1.1. Study Rpom: 
8uilding(s) .... 1<6 .... )(a .... ) -----...... Room Number(s)l ... <b_)<B_) ______ ...... 

V.5.1.2. Special Husbandry Provisions: 

_Food Restrictio11; Yes No x 

Fl_ul_d_R_e_sJdt_tlon: Yes No x 
V.5.1.3. Excepti~ns: 

1(6)(4) ,__ ______________________ __, 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Veterinarv Medical Care: 
The Pl or research staff will observe the rats at least twice a day following a II procedural 
manipulations. The veterinary staff will obse.-ve the rats at least once a day for general 
health and husbandry condition. Any rat displaying any other signs of pain, distress or 
Illness will t:ie evaluated by the Pl and/or attending veterinarian and, if necessary, 
euthanized as previously described. 
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V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians. and an on-call veterinarian . Essential husbandry procedures and health 
rounas are eonaucted by LAM personnel once daily auring weeKena and twlictays. 

If any rat experiences non-study related distress or pain prior to the study, the Pl or co
Pl will consult the attending veterinarian, If necessary. the rat will be treated or 
euthanized as directed by the attending veterinarian. Euthanized rats will not be entered 
into the study and additional rats may be requested as replacements. 

lDJt4) 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below. all an ima rs on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents; balls, 
toys and food enrichment treats for large animal species. 

\U)\4) 

V.5.3.2. Enrichment Restrictions: 
Animals must be individually housed post~surgery to ensure no interference with the 
surgical sites and implanted electrodes. Also, after exposure to soman rats must be 
individually housed as the animals may be experiencing seizures as a result of the 
nerve agent exposure. 

Vt STUDY PERSONN.~Lj::lUALIFICATtONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 
Qualifications of person Specific training in this 

Protoeol activity or 
procedure (e.g., tail vein 
in'ections, euthanasia 

Animal handling. 
agent handling, 
in·ections. 
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anesthesia, EEG ID/lOJ 

surgery, guillotine 
usage. euthanasia, 
electropnysiology 

i.-----;i.v~· 

Animal handling, 
agent handling. 
injections, 
anesthesia, EEG 
surgery, guillotine 
usage, euthanasia, 
etectrophysiology 

Animal handling. 
anesthesia. EEG 
surgery, guillotine 
usage. euthanasia, 
perfusions. 
electrophysiology 

Animal handling. 
injections, 
perfusion, 
histological 
preparation, 
neuropathology 

Animal handling, 
agent handllng. 
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surgery, tissue 
dissection. 
electrophysiolog ical 
experimentation. 
Over 200 rats 
euthanized via 
guillotine. 6 years 
periorming EEG 
electrode surgery in 
rodents. 
PhD in physiology 
30+ yr animal 
handling, injections. 
surgery, tissue 
dissection. 
electrophysiolog ical 
experimentation. 
Over 200 rats 
euthanized via 
auillotine. 
PhD in 
neuroscier~ce. 20+ 
yr rodent handling. 
surgery, tissue 
dissection, and 
electrophysiolog ical 
experimentation. 
Over 200 rats 
euthanizea via 
guillotine 

PhD in 
neuroscience More 
than 15 years of 
experience in small 
animal handling, 
injections; 
perfusion, 
histologica l 
techniques, and 
assessment of 
neur opathologtcal 
damage 
PhD in physiology 
20+ yr animal 

of surgeries, I 
euthanasia. and I anesthesia. I 

- . ··---
Investigator training 
Small animal 
handling workshop 
30+ years 
experience and on-
the-job training. Dr. 

l(b)~) Lvas last 
trained at 
USAMRICD on 
November 1990. 
Drl(bll5> lwas 
retrained as an 
animal investigator 
at USUHS in 2007. 
20+ years 
experience and on-
the=job training. 
anesthesia. 
euthanasia, tissue 
samples1 small 
animal surgery, 
perfusrons. 
electrophysiological 
experimentation. 
Investigator trainrng 
in small animal 
handling and 
experimentation. 
including behavioral 
tests. 

Investigator training 
Small animal 
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injections, handling, injections, handling workshop 
anesthesia, EEG surgery. tissue 20+ years 
surgery, guilfotine dissection, experience and on-
usage, euthanasia, electrophysiological the-job training 
electrophysiology experimentation. I 

Over 200 rats 
euthanlzed via 
guillotine. 

VII. BIOHAZARDSISAFETY: 

XCSM agent decontaminated XCSM agent waste, chemicals. and hazardous waste 
used in this protocol will be handled in accordance with all applicable state and federal 
guidelines, regulations, and standing operating procedures. 

Use of XCSM: The laboratories follow the standard operating procedures for the use 
and disposal of XCSM agents, as described IAW the latest version of SOP# 87-201-RS-
01, SOP# 87-335-VA-12, and APGR 200-60. These include initial and quarterly 
monitoring, as well as daily checks, of hood safety. 

Use of 4% paraformaldehyde: All operators using paraformaldehyde must wear proper 
personal protection equipment, Le., gloves, safety glasses, lab coat, and they will also 
use a portable chemical hood. 

Minimal PPE for animal handling includes nitrile gloves, mask worn in the slung position 
or readily available, safety glasses with sideshields or goggles, and fully buttoned lab 
coat. Double gloves will be worn during agent exposure. All agent work will be done in a 
certified chemical fume hood in a laboratory that has been appropriately permitted IAW 
USAMRICD Memorandum 385-6. 

Waste anesthetic gas (isoflurane) will be scavenged either by evacuation into a 
chemical fume hood or by extraction with a filter system in a recirculating air cleaning 
device (Extract~All system, VetEquip Inc., Pleasanton, CA). 

VIII. ENCLOSURES: 

IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 
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A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein. unless a modification is specifically 
approved by the IACUC prior to its implementation 

B. Ou plication of Effort: ! have made a reasonable good faith effort to ensure that 
th is protocol is not an unnecessasy duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal . and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consicieration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection. biosafety, recombinant issues. and so forth. in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal proeedur'es I 
manipulations / observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures f manipulations. 

F. Training : I verify that I hav~~ttended the USUHS Investigator/Animal User 

.:.! / 1 f'.'t! 1.: 1r ___;;;......::..,.;._:._.J,...,<.-=-:::... I ..,) 

n 1pa1 nvestigator 1gna ure Date 

G_ Training: The tonowing personnel will attend the next USUHS 
lnvestigaf"r!Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral. ethical and administrative 
obligations associated with the performance of this anlmal use protocol, and I assure 
that aiJI individuals associated with this project will demonstrate a concern for the health. 
comfort. welfare. and well-being of the research animals. Add itionally. I pledge to 
conduct th is study in tne spirit of the fourth "R" that the DOD has embraced. namely. 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research . 

1(6)(6) 

Principal Investigator Signature Date 
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I. Painful Procedure(s ): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or d istress to anu·nals. This potential pain and/or distress 
WILL. or WILL NOT be re lieved with the use of anesthetics. analgesics and/or 
tranquilizers. I have considered allef{)atives to such procedures: however, using the 
metnods and sources described 1n the.}:>rotocol I have determined that alternative 
proced · e objectives of this proposed experiment. 

(b ( 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

s. Animal Protocol Title: ll6l<4> 

C. Principal lnvestigator:,_l<b_J<6_' _____ ___. 

0. f.@rforming Organization: USUHS and USARRICD 

E. Funding:._116
_><

4
_
1 __ _, 

F. Objective and Agproach: The purpose of this work is to develop Improved 
therapies to treat seizures caused by exposure to nerve agents and to prevent the 
associated neuropathology. 

b)(6 
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ANIMAL. PROfOCOL NUMBER: 

PRINCIPAL flNVESTIGATiOR: Or . ._l(bl_<5l ____ I APG 

ANIMAL PROTOCOL TITLE:lib)(a) 
11s)(a> I -----------------

GRANT TITLE if different from above : 1(6)(4) 
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USUHS PROJECT NUMBER; "-f6_)(6_) ......,........,......,__, 

CO~INVESTIGIA TOR(S~ : 

I,. INQN .. TECHN.ICAL SYNOPSIS: 
Every y1ear in the U.S., It is estimated that 1.4 million people arc hospitalized with a 

brain injury.1 Among U.S. mil itary personnel, incidence of depression, PTSD, suicide risk, 
and TBI symptom severity are all significantly increased as the number of TB rs sustained 
increases.2 Alterations in brain energy meta,bolism, local neurointlammation, and tluid 
balance are amon,g the mechanisms implil:ated for contributing to repeated TBl·related 
adverse outcomes. Therefore, a subsequent injury after an initial TBI i.s associated with 
severe cumulJ.tive consequences. 

Recently, it has been determined that the adaptive immune system can develop 
immunologieal memory to CNS injury and activate production of autoantibodies with 
pathogenic potentia1I. Studies have detected autoantibodies in biofluids from individuals 
Wilth CNS injury as well as from animal subjects in TBI preclinical models, However, the 
contribution of immunological memory responses after repeated TBI events has not 
been defined.. Our goal in this project is to determine whether TBI establishes 
immun.ological memory and whether a repeated injury results in a secondary 
ad.aptive immune response. 

T and B lymphocytes are primary components of the adaptive immune system, 
yet the role of lymphocytes in TBI is not well understood . Evidence in other CNS injuries 
suggests that T and B cells play significant roles in post-traumatic inflammation, 
degeneration, or repa ir. Since T and B lymphocytes have both potential neuroprotective 
and neuropathogenic roles. elucidating the response of the adaptive immune system to 
TBI is needed to better understand the mechanisms of repeated TBI. Modulating the 
immune system after TBI may innovate treatment strategies for improved recovery after 
TBI. 10ur hypothesis Is that an initial TBI results in immunological memory a111d 
that a subsequ~nt TBI potentiates adaptive immune alterations. To test this 
hypothes~s. we will complete experiments for the following specific aims: 

Aim 1: Determine adaptive immune components that are altered in a murine 
model of trepeated TBI. The changes in adaptive immune system oomponents after 
TBI are not well defined. We will profile lymphocyte popul~tions by flow cytometry to 
determine whether memory cell populations are altered. Expression analysis of 
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lymphocyte populations will also be accomplished to detect transcripts associated with 
immunological memory responses 

Aim 2: Determine the status of adaptive immune repertoire alteration as a 
function of autoantibody presence. Studies have detected autoantibodies in subjects 
after CNS injury and TBI. The level and nature of autoantibodies after repeated TBI has 
not been defined. We will measure serum autoantibody levels from TBI subjects using 
1-dimensional gel and ELISA-based methodologies. Clonotypic enrichment in 
lymphocyte repertoire will be profiled by sequencing receptor immunoglobulins. 

Aim 3: Demonstrate CNS-directed lymphocyte proximity to the brain after 
repeated TBI. The blood-brain barrier establishes immunoprivilege to mitigate self
reactive responses to host tissue. CNS antigen-mediated responses and lymphocyte 
chemotaxis to the brain after TBI may initiate autoimmune reactions. We will determine 
the immune and inflammatory status of the choroid plexus to assess its modulating role 
of lymphocyte populations in the CNS after TBI. Furthermore, we will analyze T cell 
receptor repertoire status of the choroid ple)(us to detect if repeated brain injury results 
in increased infiltration of CNS-specific lymphocyte populations to the brain. 

II. BACKGROUND: 

11.1. Background: 
It is estimated that 1.4 million people are hospitalized with a brain injury every year 

in the United States,1 which does not include an estimated additional 3.8 million untreated 
concussions.3 Among U.S. military personnel, incidence of depression, post-traumatic 
stress disorder (PTSD), suicide risk, and TB! symptom severity are all significantly 
increased as the number of TB ls sustained increases.~ In other words, sustaining more than 
one TB! is associated with severe cumulative consequences. We are interested in better 
understanding the collective longer-term effects of TB! and repeated TBI by focusing on the 
adaptive immune system. A central characteristic of the adaptive immune system is the 
development of immunological memory, or the capacity of the immune system to 
remember an antigen encounter via activated T and B cells and to rapidly react to the same 
antigen in a later encounter. Better understanding the role of immunological memory in 
TBI may help uncover the basis for cumulative damage from repeated TB ls. 

Following a moderate or severe brain injury, necrotic cell death causes the 
release of damage-associated molecular patterns (DAMPs), a.k.a. alarmins, into the 
extracellualar space. Examples of DAMPs include high-mobility group box-1 (HMGB1) 
protein, mitochondrial DNA, and N-formyl peptides. It is known that TBI patients often 
have systemic lung inflammation, and CSF levels of HMGB1 are markedly increased in 
children after severe TBl.4 Recently, evidence suggests that TBI causes lung 
inflammation through the action of HMGB1 protein and the receptor for advanced 
glycation end products (RAGE).5 While mice subjected to CCI injury had systemic 
hypoxia, acute lung injury, pulmonary neutrophilia, and decreased ability of lung 
e)(pansions compared to control animals, RAGE knockout mice had total attenuation of 
all these symptoms after TBl.5 The theory that TBI can cause the release of DAMPs 
like HMGB1 which can then cause peripheral tissue inflammation and damage is 
gaining validity. It is not a far leap to also assume that these DAMPs can also cause 
changes to the adaptive immune system and particularly, changes in immunological 
memory. 
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The pathophysiology of TBI varies enormously, but often, TBI induces a metabolic crisis 
in the CNS to maintain neuronal membrane potentials and ion balances.0 Alterations in 
brain energy metabolism, local neurointlammation, and fluid balance are among the 
mechanisms implicated for contributing to repeated TBI-related adverse outcomes. 
Numerous studies have observed immediate activation and recruitment of the innate 
immune system fol\owingTBI, comprised in part by brain microglia, peripheral 
macrophages, and neutrophils. While early activation of innate immunity is beneficial to 
injury outcome, late and sustained activation is suggested to be deleterious. Neutrophils 
can be toxic to vulnerable neurons, and along with monocytes can exacerbate cerebral 
edema and brain tissue damage in rodent models of stroke and TBI.7· 10 Jn fact, the 
magnitude of inflammatory cell recrui tment correlates to the loss of neural tissue after 
TBl.11 While chronic inflammatory responses are correlated with poor pathology after TB!, 
it is unclear if adaptive immune components contribute to Jong-term neuroinflammation 
after TBI. 

Works in other CNS injuries make it clear that T and B lymphocytes play 
significant roles in post-traumatic inflammation, degeneration, or repair. After spinal 
cord injury (SCI), lymphocytes may be detrimental to recovery. In recombination
activating gene (rAG) 2-deficient mice that lack both T and B lymphocytes, locomotor 
recovery was improved following compression SCI, and recovery was associated with 
more monoaminergic axons caudal to the injury site.12 In another study of moderate 
contusion SCI, B-cell knockout mice that lack mature B cells but have functional T cells 
had improved Basso Mouse Scale locomotor scores, decreased lesion volume, and 
lower levels of lgM and lgG in CSF. 13 Additionally, in a cerebral ischemia-reperfusion 
study of male severe combined immunodeficiency (SCIO) mice (that lack both T and B 
cells), the animals developed 40% smaller infarct volume 90 minutes after focal 
ischemia and 22 hours reperfusion compared with wild type mice. 14 Other studies found 
around 60% smaller infarct volumes and improved functional outcomes 24-72 hours in 
Uag1-1- mice that lack T and B lymphocytes.15

·
16 Activated Band T cells are also 

found to infiltrate and accumulate in the injured spinal cord where they form germinal 
center like clusters of cells that are normally found in the spleen and lymph nodes.17 

While these studies demonstrate a correlation between T & B cell activity and poor 
outcome, there are other studies that demonstrate a beneficial role of lymphocytes after 
CNS injury. 

Autoimmune T cells specific to myelin basic protein can protect injured CNS 
neurons from secondary degeneration after a partial crush of the optic nerve. 18 In this 
study, rats injected with activated anti-myelin basic protein T cells kept 300% more 
retinal ganglion cells with functionally intact axons compared to rats injected with 
activated T cells specific for other antigens.16 In another study, immune-deficient SCIO 
mice manifested cognitive deficits and behavioral abnormalities that were remedied by 
restoring T cells from age-matched wild-type mice.19 This study further showed that T 
cell-based vaccination using glatiramer acetate, a weak agonist of many self-reactive T 
cells, can overcome the behavioral and cognitive abnormalities that correspond with 
neurotransmitter imbalance induced by dizocilpine maleate or amphetamine.

19 
T and B 

lymphocytes have both potential neuroprotective and neuropathogenic roles, and 
understanding TBI mediated immunological memory formation and peripheral and CNS 
immune alterations can possibly open new avenues for treatment and diagnosis of TBI. 
Once clonally expanded populations and/or memory-evoking brain antigens are 
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identified. 1immunity-related clinically relevant manipulations tan be performed to see lf 
outcomes improve after repeated TBI. We can alsa examine at what point multiple TBls 
can confer "pirotetfi\le a1utoimmunity'' or peripheral tolerance. We believe that chronio 
exposure to CNS ·arttlgens wlll confer peripheral tolerance, like was ooserved in a study 
tlhat immunized newborn rats to myelin antigens at birth. When the rats We!re 
sub·sequentiy s1ubjected to mechanical crush ihjury to the optic nerve or spinal cord as 
.aaults, s!gn'ifitantl'y fewer neurrons survived in the tolerance-induced rats than Jn their 
matcheti ~~ntrols th~t were immunizea at birth with an irrelevant (norHnyelin) 
protein.20

·
25 Oonversely1 in 1999, Schwartz et al. formulated the conc~pt gf protedive 

~utoimmunity: !-cell me~iat~d a~apti~e- i~munity to -~pecific CNSQrelated aut?anti~ens 
1s needed to comba1 destruc11ve self·compoundsJOAMPs released from the 1n1ury., 
Depending on the nature, severity, and number of brain injuries suffered, autoimmune 
responses can be modulated to ensure optimal outcomes are achieved. lh future 
studies, we hope further examine the roles protective autoimmunity and peripheral 
tt>lerrance may p'lay after TB~. 

PreHmirun·y Data 

USUHS Form 3206- Revised October Z008 
Previous versions are obsolete 

6 



.,age 1~yo or 4(010 

[0)(4) 



.,age '"""or ~0 1 0 

,0)(4) 



'-'age 139/ OT £o1:J 

0)(4) 



.,age •->•o or ~0 1 0 

[0)(4) 



.,age l;j!:l!:I or io10 

(0)(4) 



(ll)(4) 

11.2.1. Uterature_S_J;)JJ_rc.tt{s~t Sea re hed: 
Biomedical Resetirich Dat~ba!ie (BRO) 
Federal Research in Progress database (FEDRIP) 
Pubmed 

11.2.2. Date ipf ~Searich: July 9, 2015 

11.2.-3. Period of Searc;;h: 
We searched keywords tor all dates available through each database. 

11.2,,4, Key_Words and _.-Se:aroll_:Strat~gv: 
We did advanced searches for alll databases. The key words used were. 
"brai'n injury and lymphoc-yte": 13 studies (fEDRIP) 
"CNS injury and lymphocyte": 10 studies (FEDRIP) 
"brain lnjury and autoantibody": 3 studies (FE.DRIP) 
"brain injury and lymphocyte": 0 studies (BRO) 
"brain Injury and aut1oantibody": 0 studies (BRO) 
"brain injury and B cell": 8 studies (BRD) 
"CNS injury and B cell" 4 studies {BRD) 
"brain injury and lymphocyte and memory B cell": 1 publication (PubMed} 
"brain injury and autoantibody and lymphocyte": 26 publications (PubMed) 
"brain injury and "memory B cel 11"": 0 publications (PubMed) 
"loraih ~njury and adaptive immune system and lymphocyte": 47 publications (PubMed) 
11.2.5. Results of Search: 
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There were no relevant publications or reported studies about the role of immunological 
memory cells in repeated TBI. The current literature discusses the role of adaptive 
immune cells in other forms of CNS injury (e.g. stroke, MS, spinal cord injury} but not its 
role after traumatic brain injury. There was one study that looked at innate immune 
responses in the periphery after closed head injury in mice, but the study did not look 
into the role of lymphocytes (Schwulst: J Trauma Acute Care Surg: 2013). 

Ill. OBJECTIVE\HYPOTHESIS: Our hypothesis is that an initial TBI results In 
immunological memory and that a subsequent TBI potentiates adaptive immune 
alterations. 

IV. MILITARY RELEVANCE: 
It is estimated that 1.4 million people are hospitalized with a brain injury every year 

in the United States,1 which does not include an estimated additional 3.8 million untreated 
concussions.3 Among U.S. military personnel, incidence of depression, posMraumatic 
stress disorder (PTSD), suicide risk, and TBI symptom severity are all significantly 
increased as the number of TB Is sustained increases.z In other words, sustaining more than 
one TBI is associated with severe cumulative consequences. WC! are interested in better 
understanding the collective longer-term effects ofTBI and repeated TBI by focusing on the 
adaptive immune system. t.. central characteristic of the adaptive immune system is the 
development of immunological memory, or the capacity of the immune system to 
remember an antigen encounter via activated T and B cells and to rapidly react to the same 
antigen in a later encounter. Better understanding the role of immunological memory in 
TBI may help uncover the basis for cumulative damag~ from repeated TB ls. 

V. MATERIALS ANO METHODS: 

V.1. Experimental Design and General Procedures: 

V.1.1. Experiment 1: 

The aim of Experiment 1 is to determine adaptive immune components that are 
altered in a murine model of repeated TBI. There are two sub-tasks in this 
experiment. Sub-task 1.1 is to determine if immunological memory-associated 
transcripts are altered in whole blood. Sub-task 1.2 is to determine if lymphocyte 
populations are altered in the spleen. The outcome measures of aim 2 (measuring 
autoantibodies) and aim 3 (choroid ple><us RNA expression analysis) are folded into 
sub-task 1. 1 and 1.2. 

Rationale: Since T and B cells may either promote repair or further tissue injury as 
shown in other CNS injury models and disease states, it is important to define their roles 
in TBI. In our study, we want to discern if immunological memory exists and is 
strengthened in a rodent CCI model of brain injury long after the initial inflammatory 
episode subsides. The changes in adaptive immune system components after TBI 
have not been previously well defined. In order to accomplish specific aim 1, we will 
profile lymphocytes in whole blood to detect the presence of memory- and/or activation
associated gene expression. Characterizing the memory lymphocyte cell signature of 
TBI may generate a blood-based diagnostic tool to determine if a TBI event is inducing 
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memory or pathogenic autoimmunity in a military service member. This may provide 
vital information to determine a return to duty and/or indicate therapeutic intervention. 
Furthermore, we will identify lymphocyte populations in the spleen to assess adaptive 
immune system states after repeated TBI. 

1.1: Determine if immunological memory-associated transcripts are altered in 
whole blood. 

In order to accomplish specific aim 1, we will profile lymphocyte-related 
transcripts in whole blood to detect the presence of memory- and activation-associated 
gene expression after TBI. Whole blood will be collected 14 and 28 days after CCI 
brain injury. We expect to find greater lymphocyte-related transcript levels in TBI 
animals compared to controls, and we expect to find greater immunological memory
associated transcripts in repeated TBI animals. 

Methods: C57BU6J male mice between 9 to 10 weeks of age will be subjected to 
sham, single, or delayed repeated CCI injuries (two injuries spaced 14 days apart). 
Animals will be anesthetized using 2-4% isoflurane for CCI surgeries. After an incision 
is made in the scalp, a craniotomy is performed to remove a circular piece of skull over 
the injury site to permit impactor brain penetration. Using a 3mm impactor tip, the CCI 
device will strike 2mm lateral of Bregma (in the left hemisphere) at 1.5 mis at a 15° 
angle and 100ms dwell time. The impact depth will be relatively mild at 1mm. 

A 14-day interval between CCI surgeries for a cohort of animals will allow 
development of immunological memory and resolution to near baseline levels. At 1-3 
days, 14 days, or 28 days after the final surgery, subjects will be euthanized to obtain 
whole blood, spleen, and choroid plexus material. Animals will be anesthetized prior to 
the terminal procedure by an intraperitoneal injection of ketamine and xylazine. Once 
anesthetized, whole blood will be collected via cardiac puncture using a 1 ml syringe 
with a 25-guage needle. A portion of the whole blood will be placed in a RNAprotect 
Animal Blood Tube (Qiagen) to stabilize transcript levels at time of collection, and total 
RNA will be isolated using RNeasy Protect Animal Blood Kit (Qiagen). The remaining 
portion of the whole blood will be placed in a MiniCollect serum tube (Greiner Bio-One) 
to collect serum for Western Blots to identify brain-reactive antibodies in serum (Aim 2). 

After total RNA is isolated from the blood, globin mRNA is depleted using a 
GLOBINclear kit (Life Technologies). Total RNA in whole blood has a high expression 
of globin mRNA (Up to 70%), which is expressed at high levels in red blood cells and 
reticulocytes. Depleting alpha and beta globin mRNA from the total RNA preparations 
allows more sensitivity to detect transcripts relevant to our interests. The mRNA portion 
in total RNA will be converted into a library of template molecules (TruSeq RNA Sample 
Preparation Kit v2, lllumina). In summary, mRNA molecules will be enriched and 
fragmented. The RNA fragments will then be copied into first strand cDNA and then 
second strand cDNA. The cDNA fragments go through an end repair process, the 
addition of a single 'A' base, and then ligation of the adapters. The final cDNA library is 
created by purifying and enriching the products with PCR. The library is then quantified 
using qPCR (KAPA Library Quantification Kit) and library size distribution is determined 
(Experian DNA analysis kit). Libraries are then diluted and denatured for cBot 
clustering. After libraries are amplified to produce clonal clusters, they are sequenced 
using massive parallel synthesis (TruSeq SBS Kit v5, lllumina). 
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Choroid plexus material will be collected to determine if immunological memory
associated transcripts are altered in a CNS-proximal tissue. Lymphocyte chemotaxis to 
the brain after TBI may be due to the elevated release of CNS antigens. We will profile 
complete transcriptomes of the choroid plexus tissue and determine changes in the 
immune and inflammatory status of the choroid plexus to assess the modulating role of 
lymphocytes in the CNS after TBI. We wlll accomplish choroid plexus expression 
analysis by RNA-seq to interrogate the inflammatory status of the tissue (Aim 3). Since 
we know cytokine and chemokine transcript markers for pro-inflammation versus anti
inflammation. we can then see which markers are changed after TBI and if there are 
further changes after repeated TBI. We will then be able to determine changes in the 
immune and inflammatory status of the choroid plexus to assess the modulating role of 
lymphocytes in the CNS after TBI. These transcripts may indicate that the lymphocyte 
activity is either beneficial or deleterious. 

Sub-task 1.1 will require 120 mice. There will be 8 mice per group with 5 
experimental groups (na"ive, sham, single CCI, double sham, and double CCI) and 3 
outcomes time points (1-3 days, 14 days or 28 days post surgery). [8 x 5 x 3 = 120 
mice]. Na'ive mice will not be subjected to any experimental conditions. Sham mice wilt 
be anesthetized and given a craniotomy but no brain impact during surgical procedures. 

Expected Outcomes and Alternative Approaches: After TBI, we believe that brain 
antigens are being presented to the immune system to activate lymphocytes and 
generate immunological memory and plasma cells. With multiple brain injuries, more 
brain antigens are presented to the adaptive immune system possibly generating clonal 
expansion of memory and plasma cells. We expect to find increased lymphocyte-related 
transcripts in TBI animals compared to controls, and we also expect to find greater 
immunological memory-associated transcripts in repeated TBl animals. Specifically, we 
anticipate that transcripts like Dock8 will be altered after TBI. Dock8 helps antibody
prod ucing B cells form stable complexes with other immune cells so that B cells can 
generate more effective antibodies and become memory cells. 27 Our protocols for 
expression analysis and CCI surgeries have been thoroughly troubleshooted, so we do 
not anticipate difficulties with these procedures. 

1.2: Determine if lymphocyte populations are altered in spleen. 
We will profile lymphocyte populations by flow cytometry in a model of repeated 

TBI to determine whether cell populations are altered. We are utilizing spleen tissue, 
because it is the largest secondary lymphoid organ that is responsrble for initiating 
immune reactions to blood-borne antigens and contains about Y.i of the body's 
lymphocytes. 

Methods: C57BU6J male mice between 9 to 10 weeks of age will be used. For this 
cohort of animals, the same CCI surgery protocol will be used as described in sub-task 
1.1. During the terminal procedure 1-3 days, 14 days, or 28 days after the final CCI 
surgery, spleens will be dissected for flow cytometry analysis. First, a single-cell 
suspension will be created and cells will be counted and adjusted to 1 x 106 cells/ml. 
After adding an Fe-block (rat lgG2b anti-mouse CD16/CD32 monoclonal antibody, BD 
Biosciences), cells will be fixed in 1-4% paraformaldehyde. Fluorochrome-conjugated 
antibodies will then be added to the cells to label various extracellular markers. Sub
task 1.2 will require additional mice, because spleens will be processed differently than 
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that described for animals in 1.1. In summary. C576U6J male mice between 9 to 10 
weeks of age will be subjected to single or delayed repeated controlled cortical impact 
(CCI) injuries (two injuries 14 aays apart). At 1-J days, 14 days or 28 days after the 
final surgery, subjects Will be euthani:zed to obtain whole blood and spleen. Sub-task 
1.2 will require 72 mice. There will be 8 mice per group with 3 experimental groups 
(na'ive, single CCI. and double CCI) and 3 outcome time points (1-3 days, 14 days or 28 
days post surgery). [8 x 3 x 3 = 72 mice). 

Expected Outcomes and Alternative Approaches: Our preliminary data revealed 
tlhat 21 days after a single mild e1osed-skull TBI. TBI animals had an altered percentage 
aistfil3ution of T helper cells (C04+) and B cells (CD19+) compared to shams. The level 
of cytotoxic T (C08a+) cells remained the same between the TBI and sham animals. 
The 1Percentage of lymphocytes was consistent among all sham and TBI animals at 
around 40% of all splenocytes. so we are confident that the percentage distribution in 
tihe spleei'l did not change. One l'lypothesis that tan explain these char.gas in 
lymphocyte populations Is that perhaps certain B cells that are responding to brain 
antigens are being donaily expanded meaning that the diversity or range of B cells may 
be decreas!ng to one prolifierating clone. In order to investigate this hypothesis. we will 
profile antioot'.J~ genes (Aim 2 & 3}. 

We ant1c1pate that memory IB cell and plasma cell populations will undergo 
delayed expansion after TBL In other studies, Band T cell expansion in the spleen and 
lymph nodes coincides with an increase in circulating lgG antibodies in mice and rats 
subjected to spinal contusion injury.17

•28 We anticipate making a similar correlation 
bet\veen circulating autoant1body levels and lymphocyte population changes in the 
spleen. We further anticipate that a TBI will initially expand the T effector population but 
that levels will decrease at 28 days post injury. We further anticipate that a repeated 
TBI will change the lymphocyte response as compared to the first injury event. Namely, 
a dramatic activation of memory T and B cell clonal populations that persist from the 
first TBI. If successful, arnd we are able to identify clonally expanded populations, 
immunity~related clinically relevant manipulations can be done to see if outcomes 
. ft d TBI 1mpr1ove a er repeate 

#of 

I Sub-task animals Treatment 
8 naive 

8 n<Hve 

8 na'ive 

8 sham 

8 sham 

8 sham 
1.1 8 single CCI 

8 single CCI 

8 single CCI 

double 
8 sham 

double 
8 sham 
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Euthanlzatlon time point after Pain 
surgery category 

1·3 days c 
14 days c 
28 days c 
1-~ days E 
14 days E 

28 days E 

1-3 days E 

14 days E 

28 days E 

1-3 days E 

14 days E 
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double 

8 sham 28 days E 
8 double CCI 1-3 days E 
8 double CCI 14 days E 

8 double CCI 28 days E 

8 naive 1-3 days c 
8 na'ive 14 days c 
8 na'ive 28 days c 
8 single CCI 1-3 days E 

1.2 8 single CCI 14 days E 
8 single CCI 28 days E 

8 double CCI 1·3 days E 

8 double CCI 14 days E 

8 double CCI 28 days E 
TOTAL: 192 

V.2. Data Analysis: 
We will use analysis of variance {AN OVA) followed by post-hoc t tests to compare 

blood plasma, chemokine and cytokine data and lymphocyte population data. If data do 
not meet the assumptions of ANOVA they will be transformed or appropriate 
nonparametric tests will be used. A sample size of 8 per group will detect differences of 
1.5 standard deviations between groups with a 5% two-sided significance level. For 
histological data, we will quantitate microglla activation by cells per area density and 
use semi-quantitative descriptive statistics to correlate with the quantitative parameters 
above. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non.animal Alternatives Considered: 
We are investigating the role of immunological memory cells after repeated mild TBI. 

Alternatives to animal models, such as computer models or in vitro cell cultures will not 
be able to adequately mimic the molecular and cellular events that occur after TBl. In 
order to learn more about the mechanisms involved after a brain is injured, it is 
necessary to actually injure a brain in an animal model. 

V.3.2. Animal Model and Species Justification: 
We will be subjecting the mice to brain injury and then investigating the effects in 

blood. brain tissue, and spleen, so we need to use an animal with a brain, peripheral 
lymphoid organs, and blood. We chose to use mice in this study for a variety of reasons: 
(1) they are mammals with similar cerebral physiology making it possible to study 
inflammatory and immune-mediated responses; (2) many studies with mice exist where 
behavior and brain trauma outcomes correlate with human studies making it possible to 
correlate our findings with previously published data: (3) the relative small size and 
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short life span of mice will allow us to repeat measures of biochemical and cellular 
changes after TBI in a f~asible manner, 

Since we are using this animal model to improve treatment for human TBI patients. 
We want to do experiments in a laboratory mammal that these techniques have already 
be·en worked out in. 

V.3.3. L.abortato..QJ Animals 

,S_g__e_ti i_e~~ 1 
Mus Mu~cuh..1s 

V,3.3.2. Strain/Stock: CS1BU6 

V 3 3 3 C!: II\ • . (16)(4) • . · . . ..,oun:e1 v·endot: .____ ____ ____. 

V.3.3.4. Ag~: 9-10 weeks old 

V.3.3.S. Weight: 23 .. 35g 

V .3.3.6. :Se)(: Male 

V.3.3.7. Spealal Considerations: NIA 

V .. 3.4. Number of Artrimals. 
J!eguited (by S-Re_Gie~): 192 

V .3.5.1. !Refinement: 
The animals 1Used will be anesthetized before the surgical injury procedure (TBl/sham 
injury) as well before the terminal procedures of tissue and blood collection. 

V .3 .. 5.2. Re.dluctiorn: 
We will use material 'from several tissues sources (peripheral blood. spleen. choroid 
plexus, and brain) in this experiments thereby reducing the number of animals needed. 
Since the experimental techniques we are 1Proposing to use have already been 
characterized and well documented in mice, we will not need to use extra animals to 
establish ttne techniques. 

V.3.5.3. Replacement: 
Rep~acemenl alternatives such as cell cultures and the use of less sentient animal 
species were considered. but we need to use mammals with a brain, peripheral 
lymphoid organs, and circulating blood to examine the CNS effects of TBI. 

V.'4. Technical Meth_ods: 
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V.4.1.1. APHIS Porm 7023 tnfontu1t.10.n: 

V.4.1.1.1. tiuml:ler of A!nimals; 
We will !have a total of 192 animals, Here are the treatment groups and number of 
animals in each ~roup: 
Naive: 4,g animals 
Sham: 24 animals 
Singtle CCI: 48 animals 
Double Sham; 24 animals 
Doub'le CCI: 48 animals 
These anlmails are categorized in category C (48 na·ive animals) and category E (144 
sham (craniotomy}, double sham. single CCI. and double CCI animals) shown below. 

V.4.1.1.1 .1. C·otumn C: 
V.4.1.1.1.2. C'Olumn 10: 

V.4.1.1.1.3. Column E: 

,Species #.1 

48 

144 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Aru~~thesia/Analsesia/Traru1uilizatiion : 
Prior to TBl/sham procedures. mice will be administered an inhalational anesthetic. 
Oxygern will be mixed with isoflurane delivered via precision vaporizer using a rodent 
anesthesia machlne. Mice will be placed in an induction chamber and exposed to a 
miX1ure of 02 and isoflurane (2-4%) to induce general anesthesia. Following induction, 
mice wm be removed from the chamber and maintained on 1-2% isoflurane 
administered by nose cone during surgical procedures. We will monitor the depth of 
anesthesia by noting a lack' of response to toe pinch (pedal withdrawal reflex), mucus 
membrane color, and rate and quallty of respirations. Waste anesthetic gases will be 
actively scavenged through the central vacuum system or passively scavenged using a 
cha1Fooal canister. 

For terminal tissue dissection procedures (including naNe animals for baseline level 
measur;ements), ~etamine and xylazine will be used as the sedative and anesthetic. 
Before collection. they will be injected (i.p.) with 80-100 mg/kg of Ketamine and 10 
mg/kg Xylazine intraperitoneally using a 26-gauge needle, 

V.4.1.2.2. IPte" and ?ost ... roc·edu.1::aLn_oJ_£Ur e Provisions ; 
Once animals arrnve from the vendor (e.g (b)(4l , they will acclimate in a 

r~verse light·cyde 1roorn fo:r 3 days. The reverse light-cycle room in needed to avoid 
disturbing the sleep cycle (and c]rcadian rhythms) of animals when administering 
surgical and weighing procedures. LAM will place animals in cages in the same manner 
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in which they arrived {ie. if 4 animals arrive in three separate boxes. they will similarly 
place the same 4 animals in 3 separate cages). Animals will receive regular food and 
water without restriction. After the procedure, if there is significant brain hemorrhaging, 
we will eliminate the animal from the study and euthanize it. Animals wil l be placed on a 
heating pad in a single cage for 30 minutes to recover from the surgery. During this 
t ime , animals will be continuously monitored to make sure they come out of anesthesia 
and are able to right themselves, lay sternal , and lift their heads. Animals will then be 
monitored daily after surg ical procedures to confirm that they recovered and are 
conscious without any visible signs of distress. Additionally, animals w ill be monitored 
and weighed at least every 2 days for significant weight loss (greater than 20% total 
weight loss relative to initial body weight prior to injury) as an additional sign of distress. 
If post-procedural pain or distress induces persistent symptoms beyond the first 24 -36 
hrs post injury, including hunched posture, labored or gasping breathing, ruffled fur, 
immobility, failure to feed or to drink, the affected mice will be immediately removed 
from the study and euthanized .. 

V.4.1.2.3. Paralytics: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1 .3.1. Sources Searched: PubMed 

V.4.1.3.2. Date of Search: July 13, 2015 

V.4.1.3.3. Period of Search: 1950-current 

V.4.1.3.4. Key Words of Search: 
Moderate brain injury model and mice; penetrating brain injury and mice; non-invasive 
brain injury model and mice 

V.4.1.3.5. Results of Search: 
In order to investigate peripheral immune changes after brain injury, we need to utilize 
animals that have a brain, nervous system, circulatory system, and peripheral lymphoid 
organs. In order to investigate brain injury, we need to systematically and reproducibly 
injure the brain of animals. There are other forms of brain injury models that can be 
considered alternatives to the controlled cortical impact injury that we administer in our 
experiments. Our search results revealed other brain injury models such as weight
drop closed head injury, fluid percussion injury, and middle cerebral artery occlusion). 
Out of all these options, we chose to utilize a controlled cortical impact model, because 
it is highly reproducible, injury parameters can be adjusted. and we can compare results 
with many other labs here at USU. All of our search resu lts included brain injury models 
that did inflict injury to the brain, and while some studies provided analgesia after 
surgical procedures, none of these injury models can be considered pain-free. 
Administering brain injury is inherently invasive and painful, and we couldn't find any 
experimental stud ies that administered reproducible brain injury to vertebrates in a pain
free manner (ie . without providing some kind of anesthesia and/or analgesia). In our 
study, we do provide anesthesia during all surgical procedures, but we do not provide 
analgesia after surgical procedures, because this will impact our results. 
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"moderate brain injury model and mice": 91 publications 
"penetrating brain injury model and mice": 22 publications 
"non-invasive brain injury model and mice": 28 publications 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
Providing pain medication after brain injury will interfere with our ability to interrogate 
immune-related outcome measures. We can not investigate the role of lymphocytes 
and immune alterations after TBI if we are providing medication that alters immune 
function. While no analgesia will be provided after surgeries, all animals will be properly 
anesthetized before all surgical procedures with isoflurane and before all euthanization 
procedures with an i.p. injection of ketamine and xylazine 

Buprenorphine, an anti-nociceptive partial µ-opioid receptor agonist. along with other 
opiates and NSAIDs all have effects on the immune system, and thus, will impact our 
data in this study. Buprenorphine has been shown to dose-dependently suppress 
splenic natural killer cell activity, lymphocyte proliferation, and lFN-y production in rats, 
and these effects were reversed with naltrexone "demonstrating pharmacological 
specificity of buprenorphine-induced immune alterations. "29 Further, opioid alkaloids 
and peptides, such as morphine "directly modulate the function of lymphocytes and 
other cells involved in host defense and immunity."30 These analgesic compounds 
modify immune responses to extracellular stimuli like mitogens and antigens, and 
immune cells express mRNA transcripts encoding various opioid receptors that were 
originally described in neuronal tissues. 31 

Here are some studies that either show opiates/NSAIDs impact inflammation or can 
negatively impact TBI outcome: 

a) A study looked at altered hyperpolarization-activated cyclic nucleotide-gated (HCN) 
channel protein expression in trigeminal sensory neurons following inflammation of the 
dura using application of complete Freund's adjuvant (CFA) to the dura mater in rats. 
The increased activity of (HCN) channels has been shown in models of nerve injury
induced pain. Buprenorphine was applied following surgery and inflammation-induced 
increases in HCN1 and HCN2 were not observed. The authors suggest that "if the peak 
action of buprenorphine is before the peak of the CF A-inducted inflammatory effect then 
buprenorphine may attenuate the inflammatory response by acting on immune cells."32 

b) In a study of immature swine (3-5 day-old piglets), premedication with meloxicam, a 
COX-2 perferential NSAID. prior to brain injury using rapid head rotations without impact 
produced a significantly higher mortality rate than buprenorphine. 33 No controls were 
used in this study. 

c) Rats treated with Morphine or propofol for 1 hour after CCI were associated with 
significantly worse motor function on post-TB! day 1-5 compared to animals without 
anesthesia and shams.34 

d) In one 5.5-year retrospective study of patients aged 55 years and older with blunt 
force TBI, patients who were taking anticoagulants and antiplatelet agents (warfarin, 
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clopidogrel, dipyridamole/aspirin, enoxaparin, and subcutaneous heparin) experienced 
a higher rate of inpatient mortality and other adverse outcomes caused by the effects of 
these agents. :Js Although these patients were taking these medications before 
sustaining a TBI, and we don't know what the specific effects of these agents are on 
immune system function after TBI. these agents including aspirin negatively affected 
TBI outcome. 

V .4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: 

V .4.3.1. Pre-surgical Provisions: 
lsoflurane will be administered just prior to and during surgical procedures to provide 
loss of consciousness. To confirm that animals have a loss of consciousness, the 
absence of tail, paw reflexes. and corneal reflex will be confirmed. 

V.4.3.2. Procedure: Controlled Cortical Impact: 
All surgical procedures will take place in the CNRM surgical room for mice. We will 
follow CNRM's Standard Operating Procedures except for providing post-surgical 
analgesia (e.g. no Tylenol water will be provided or buprenorphrine). Mice will be 
anesthetized with isoflurane as described above via inhalation with a nose cose. 
Corneas will be kept moist during surgery by applying Lubritears ointment. Sterile 
gloves will be worn for the surgical procedures. The fur on top of the head will be 
shaved followed by a cleaning of the area with iodine and alcohol three times. All 
surgical equipment will be thoroughly cleaned, wiped with alcohol, and sterilized using 
Germinator equipment and allowed to return to room temperature. 
Mice will be placed in a stereotaxic apparatus with ear bars. A scalp incision will be 
made at midline centered approximately at Bregma for 1.5cm incision length. First. the 
impactor will a 3mm diameter tip will be lined-up directly over Bregma, then moved 2mm 
to the left. A craniotomy is done (-Smm circular piece of skull is removed) using ahand
held trephine to expose the dura mater. The brain will be impacted at a depth of 
1.5mm, velocity 1.5m/s over the exposed area of brain. The burr hole is left open and 
the incision is closed with absorbable sutures. such as natural chromic gut sutures or 
polyglycolic acid synthetic sutures. Animals will recover on a circulating heating pad. 
Once ambulatory, animals will be returned to their cages. 

V.4.3.3. Post-surgical Provisions: 
If an animal's skull is fractured and there is significant hemorrhaging during the 

TBI surgical procedure. we will eliminate the animal from the study and euthanize it. 
After every surgical procedure, animals will be placed on a heating pad in a single cage 
for 30 minutes to allow recovery from the surgery. During this time. animals will be 
monitored to make sure they come out of anesthesia and are able to right themselves, 
lay sternal, and lift their heads. After surgeries, we will monitor animals for any sigs of 
pain or distress including hunched posture, difficulty breathing, muscle rigidity or lack of 
muscle tone. twitching, trembling, tremor, self-mutilation, or unkempt appearance (erect, 
matted, or dull haircoat). Additionally, animals will be monitored for significant weight 
loss (greater than 20% total weight loss relative to initial body weight prior to injury) as 
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an additional si,gn of distress. If post-procedural pain or distress induces persistent 
symptoms beyond the first 24 -36 hrs post injury. including hunched posture, labored or 
gasping breathing, ruffled fur, immobility, failure to feed or to drinK, tne affected mice wiil 
be immetl iat~ly removed from the study and euthanized. No analgesia will be provided 
after surgeri~s . because doing so will affect our rmmune .. related outcome measures. 
which categorizes our animals In CAT E. Additionally, we want to compare our results 
w.itn those fr:om other labs that do not use any pain relief after TBI surgeries (e.g. Dr. 

l(b){si l1ab}. 

V .4.3.4. _Location: ._l l
6

_><
5
_J __ ___. 

V.4.3.5. SJ.U:9~-~o : l .... <
6_)ta_> ____ __, 

V.4.3.6. !Multiple Major Survival OperatiVl! Procl!_d_ULi:ts; NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Arnimal Ma11ipulations: 

V.4.4.1. lnjocdon~: 
For terminal procedures. ketamine and xylazine will be used as the sedative and 
anesthetic. !Before animals are euthanized. they will be injected (i.p.) with 80-100 mg/kg 
of Ketamine and 10 mg/kg Xylazine intraperltoneally using a 26=gauge neeelle. Again, 
the total volume of injected anesthetic depends on the weight of the animal. For 
eKample, a 25 gram mouse will receive a single i.p. injection of 20-25 ~d ketamine (from 
a 100 mg/ml stock) plus 250 ~ii xylazine (from a 1 mg/ml stock). 
V.4.4.2. Biosa1mple.s: 
During the terminal procedure, blood samples will be collected via cardiac punc1ure and 
300-800 ul wlll be ·colllected using a 2$ gauge needle attached to a 1ml syringe. Also 
du1ring the terminal pr1ocedure, spleens and choroid plexus material will be collected by 
surg1ica~ removal. 

V.4.4.3. AdJjuvants: NfA 

V.4"4.4. r.l_t;>noclonal AnJ:ib_ody (MAbs) F>ro_d_uctlon: NIA 

V.4 .. 4 .. 5. Animal Identification: Cage cards will identify animals in each cage. 
Perrnane'nt pen markings will be made on the tails of mice to distinguish them apart. 

V.4.4.6, .Bebavioral Studie$: NIA 

V.4.4.7. OUun Procedures: 
Saline Perfusion: 
For all perfusion procedures., animals will be anesthetized with an i.p. injection of 80-100 
mg/kg of Ketamine and 1 O mg/kg Xylazine using a 26-gauge needle. We will confirm 
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(b)(6) 

that animals are urnder adequate anesthesia before proceeding with the perfusion (i.e. 
lack of wrthdrawal to toe pinch and lack of corneal reflex). The chest cavity will be 
incised though the abdomen that allows acc~ss to the rib cage. Two outs will be made 
throoglh the right and left side of the rib cage, and a clamp will oe used to open the 
thoracic cavity and expose the heai1. A needle is inserted into lhe left ventricle up about 
5 mm. The rJght atrium is then cut and the animal is first perfused with PBS+ heparin at 
a flow rate of 20 ml/min. When the blood has been cleared from the body {about 100 ml 
of .PBS used). heads will be decapitated and brain tissue will be dissected so that 
choroid pllexus material can be isolated. 
V .. 4.4.8. Iiss·ue Sharing: There will be no tissue sharing with other labs. 

v .4.5. SJ!Ll'.iy_EJJl_dJp_olo_t: 
Arnlma~s will be ieuthanized at specified timepoints after TBl/sham injury, If animals die 
befotre the completion of the study, they will be removed from the study, and statistical 
analyses will be p·erformed on the remaining animals. If animals show any visible signs 
of distress following surgical procedures, such as significant weight loss, they will be 
eu~ha111ized and removed from the study. 

V"4 .. 6. E1utha_n~sia :. 
Alli ainima~s wm be properly anesthetized before terminal procedures with an i.p. injection 
of :ao-1bo mg/kg of Ketamine and 10 mg/Kg Xylazine using a 26-gauge needle, After 
ahtimals have been deeply anesthetized\ the chest cavity will be incised though the 
abdomen that allows ac·cess to the rib ca~e. Two cuts will be made through the right 
and ~eft s1lele of the rib cage, and a clamp will be used to open the thoracic cavity and 
eXp'OSe the heart. Blood will be collected via cardiac puncture. Then spleens will be 
dissected rusing scissors. Sub-task 1.1 animals will be saline perfused with PBS at a 
flow rate of 20ml/min. and their brain$ dissected in order to dissect out choroid plexus 
material firom the ventricles. At the Gonclusion of every terminal procedure1 all animals 
will be decap1itated with sharp scissors to confirm death. 

V .5. VetetfnaPL Care~ 

V.5.1. Hu.s~bandcy_CO_ij_s_ld!?.JJRjm:Ls: Except as noted below. routine animal husbandry 
wlll be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 
A1nlmals will be observed everyday to confirm health and viability, Animals will be 
housed in the same cage$/cagemates they arrived to the University with and will have 
unlimfited access to food and water. Animals will be kept in temperature controlled 
rooms in r1everse light cycle. 
V.5.1.'1. SJu_dy_RQ_oJTl~ 

Building(s)~l1b_X15_) ___ ___..L~ Room Number{s1 ... :b __ H5 __ > iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~ 
The 
expe~imen,!!!.procedures will ?e conducted in the LAMICNRM .facilities in the basem:nt 

. o'f b1:1Hldint:JAfter the e)(penmental procedures, and after animals have been allowed 
to recover on healing pads, they will be taken back to the animal housing room, 

v .5. 1.2. Spectial Husbandry Provisions: 
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We do not anticipate that animals will need nutritional support following TBI. Wet mash 
food may be placed in the cages of mice 1-3 days after surgeries to make sure that they 
can reach food. 

Food Restriction; Yes No x 

fluid Restriction: Yes No x 

V.5.1.3. Exceptions: NIA 

V.5.2. Vet~rinar.v Medical Care: 

V.5.2.1. Routine Veterinary MediGal Care: 
The veterinary technicians in the LAM will observe animals everyday. The criteria used 
for health evaluation will be weight loss, hair loss/unkempt fur, and decreased locomotor 
activity. In the event of a debilitating illness or adverse reaction. the animal will be 
evaluated by the attending veterinarian and possibly euthanized at an earlier timepoint. 

V.5.2.2. Erne1rgency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V .5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy~ Except as indicated below. all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents: balls, 
toys and food enrichment treats for large animal species. 

V.5.3.2. 1Enriichment Restrictions; NIA 

VI. STUDY PERS:ONNEL 'QUALIFICATIONS AND TRAINING : 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol activity or 
procedure i(e.g .. tail vein Name of person 

_ .!.1JJect1ons. euthanasia) performing activity 
Controlled Cortical (D)(li) 

Impact ; isoflurane 
anesthesia, 

ketamine/xylazine 
injections; daily 

observation of mice 
after CCI surgeries 

Euthanasia/tissue 
extraction 
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aoallf\catlons of pers0r1 Specific ttainfng In this 
performing activity (e.g., activity or proGedure 
research technician, 2 (e.g., rodent handling 

vrs experience) clas~ 1999} 

Graduate Student, 6 Tralnin9 from 
years experience f6l!6! 12012 & 

201 4: usu 
Investigator Training 

Course 2012; 
Rodent Handling 

Class 2009 
Graduate Student. 6 Trainin9 from Dr. 
years expene nee fr6)(6) I 201 0-

2011 ; usu 
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(b)(ll) Investigator Training 
Course 2012; 
Rodent Handling 
Class 2009 

Euthanasia/tissue Pl. 14 years T raininJ from Dr. 
extraction experience f1>>16> lab, 2000; 

USU Investigator 
Training Course 

2012 
RNA isolation and Research Blood borne 
sequencing Associate , 7 years pathogen training 

experience 2013; rodent 
handling course 

2012 
110){0) ltook the rodent handling training course at USIU in 2009. 

took the Investigator/animal user training course at USU on March 8, 
2012. 
Dr.j(b)(~ !took the rodent handling training course at USU in 2003 and 
refres er course in 2005. 
Dr.l(b)(S) l took the Pl training course at USU on January 17th. 2012. 

VIL BIOHAZAROS/SAFETY: 
All personnel handling these animals will use protective gloves, lab coat, and covered 
shoes at all times to minimize exposure to allergens and agents used during 
experimental procedures. lsoflurane vapors will be scavenged by the waste vapor 
apparatus. 
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!IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
iprovide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol ls not an 1unhecessary duplication of previous experiments. 

C. Statlatls11 Assuranoe: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal 1 ahd that the 
"minimum number of animals fteeded for scientific validity are used ... 

D. Blohazara\Safoty: I have taken into consideration and rnad~ the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the pfeparatlon of this 
protoool. 

E. Training: I veliify that the personnel perlorming the animal procedures J 
manipulations I observations descritiea in this protocol are technically competent and 
have been properly trained to 1ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Tr1~nlng: I verify that I have attended the USUHS Investigator/Animal User 

l
aialno Course 
'5)(8) 

~/7-/rs 
Date 

1G. T1raihling: The following personnel will attend the next USU HS 
Investigator/Animal User Training Course: 

H. RespCi>h9ibility: I acknowledge the jnherent rnoral, ethical and administrative 
ct)llgatlons associated with the performance of this animal use protocol, and I as~ure 
that all individuals associated wrth this project will demonstrate a concern for the health, 
comfort, welfare. and well-being of the researc;h animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced. namely, 
"Responsibility'' or implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

r~ 
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Principal Investigator Signature Date 

I. Painful Procedute(s).: 

I am conductin,g biomedical experiments which may pgt~ntially eause more than 
momentary or slight pain or distress to animals, This ptitential pain and/or distress 
WILL or Wlbb NOT be relieved wltn the use of anesthetics, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however, using the 
methods and sources ,describea ln the protocol, I have determined that alternative 
procedures are not availante to accompllsn the objectives of this proposed experiment. 

r~ I J.L":fbs 
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X. PAOTOCQL.AElSIMCI; 
Ever-y ye.ar in the U.£t. it is estimated that 1.4 million people are hospitalized With a 

brain injury. 1 Among U.S. military personnel, incidence of depression, PTSD. suicide risk, 
and TBI symptom sev·erity are all significantly increased as the number of TB Is sustained 
increases.:?. Alter~tions in brain energy metabol ism, local neuroinflammation, and fluid 
balance are among the mechanisms implicated for contributing to repeated TBl-related 
adverse outcomes. Therefore, a subsequent injury after an initial TB! is associated with 
severe cumulative consequences. 

Recently, it has been determined that the adaptive immune system can develop 
imrnUIFlt>lcgical memory to CNS injury and activate production of autoantibodies with 
pathogenit p(}tentiaL Studies have detected autoantibodies in blofluids ftom individuals 
w'ith CNS injury as well as from animal subjects in TBI preclinical models. However, the 
con'tribution ·Of immunological memory responses after repeated TBI events has not 
been aefined. Out goal in this pr·oject is to determint whether TBI establishas 
immunological mem.ory and whether a repeated injury results in a secondary 
adaptive immune response. 
T and 18 lymphocytes are primary components of the adaptive Immune system, yet the role 
of lymphocytes in TBI is not well unaerstood. Evidence in other CNS injuries suggests that 
T and B oolls play signi~icant roles in post-traumatic inf)ammation, degeneration, or repair. 
Since T and B lymphocytes have bo1h potential neuroprotective and neuropathogenic roles, 
elucit1ating the respo:nse of the adaptive Immune system to TBI is needed to better 
understand the mechanisms of repeated TBI. Modulating ·the immune system after TBI 
rriay innovate ireaitment str<ategies for improved recovery after TBI. Our hypothesis is 
that an initia1 TBI results in immunological memory and that a subsequent TBI 
potentlates adaptive immune alt·erations. 

A. Arnimal Protocot Num.ber: 

B. Ani1mal Protocol Title: jt6><4> 
11s)(4) I i.... ~~~~~~~~~~~~~~~~~~~ 

c. Pr.inci,pal ~n>Jestigator: Dr.,_j16_>t
5
_i ___ _.fssistant Profes.sor, APG 

D. Performi1ng Orgarniution~ Uniformed Services University of the Health Sciences 

E. Funding: 

F. Ohjective and Approach: 
To test this hy1pothesis. we will complete experiments for the following specific 

aims: 
Aim 1: Determine adaptive lilnmune components that are altered in a murine 

model of rerpeated TBI. The changes in adaptive immune system components after 
TBI are not well de~ined. We wm profile lymphocyte populations by flow cytometry to 
determine whethe:r memory cell populations are altered. Expression analysis of 
lymphocyte rpopulations will also be accomp'lished to detect transcripts associated with 
immunological memory responses. 

Aim 2: Determ1ine the status of adaptive immune repertoire alteration as a 
fun:ction of autoantibody presence. Studies have detected autoantibodies in subjects 
after CNS injury and TBL The level and nature of autoantibodies after repeated TBI has 
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not been defined. We will measure serum autoantibody levels from TBI subjects using 
1-dimensional gel and ELISA-based methodologies. Clonotypic enrichment in 
lymphocyte repertoire wlll be profiled by sequencing receptor immunoglobulins. 

Aim 3: Demonstrate CNS-directed lymphocyte proximity to the brain after 
repeated TBI. The blood-brain barrier establishes immunoprivilege to mitigate self
reactive responses to host tissue. CNS antigen-mediated responses and lymphocyte 
chemotaxis to the brain after TBI may initiate autoimmune reactions. We will determine 
the immune and inflammatory status of the choroid plexus to assess its modulating role 
of lymphocyte populations in the CNS after TBI. Furthermore, we will analyze T cell 
receptor repertoire status of the choroid plexus to detect if repeated brain injury results 
in increased infiltration of CNS-specific lymphocyte populations to the brain. 

G. Indexing Terms (Descriptors): Adaptive immune system; TBI; Brain injury; 
lymphocyte; memory B cell; 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHESDA, MARYLAND 20814.4799 

August 31. 2015 

MEMORANDUM rOR DR .... l<b_)(s_) ____ .... loEPARTMENTOF ANATOMY. 
PHYSIOLOGY. AND GENETICS 

SUBJECT: IACUC Approval of Protocol - Initial Review 

The following application was rcvh:wed un<l ~1pprovcd by the Uni form..:d Services 
Univcrsi1ty of the Mcallh Sciimces (USU HS) Institutional Animal Cari: and Use Committcc 
( IACUC) via Ocsignuti:<l M~m her Review on August 31. 20 I 5: 

Animal Protocol Title: "The lmpai.:t of Blast Exposur\! on Mousi.: Daily Acti\'itics .. 

USUHS Pn-:>imcol Number; ... 1<6_)16_> ___ _, 

Expiration Date: August JO. 2018 

Sujlpo.ning Grant(s) Nwnbi:r: _j(b_)l6_l __ _ 

Name uf PrirQcipal luvcstigutor: Dr .... 116_><_61 _ ___ _ 

The l ISUil IS has an Animal Wei fore /\ssurancc on lilc with the 011icc tllr l .ahorntory 
Anirnal Wei fore (OLA W). National Institutes of I kalth (NII I). The Assurance Number is 

l(b)(e) !The IAClJC approved the nhovc rcforcnced a(lplica:tion as submitted. 

,l\n annua~ revit'w is n."'lu ireJ for each of 1hc three years of this protocol. fhis review 
mu:\t he \:ompktcJ by the anniversary uate of the protocol. If work is t<i be continucJ past th1: 
cxpi.ration Jute, a triennial review must tic cumpktcd prior to thi.: expiration Jute in order for 
\rnrk to be uninterrupted. Protocol cxpiratio11 dati.:s may not be i:xtcndi.:d. and no animal work 
may bo done without an ttpproveJ prolocol. t\lthough the IAC'UC may send reminders. it is the 
investigator's rcsponsibi'lity lo submit un annual review form (Forni 32061\) at least 30 <luys in 
auvan(e. or ri new Form 3206 for triennial rc,·icw at kast 60 days in advance ()f expinstion. 

Prior to placing your first u11i1nnl ord~r. pkase contact MAJl(b)(6) Ito sch1.•duk a 
pre-protocol planning mcctingl(b)(G) I This m~cting must occur to ensure unimul numbers 
.arc loaucJ in th~ CART syst~m tlnd LAM resources are avai lable to mcl.!t your n~cds. 

cc: 
Office of Research 

b ( 

l. . 

C um, f nsti tutional Animal 
C'at~ and Use Cum1nittc~ 
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ANIMAIL PROTOCOL NUMBER: .... l<
6
_l<
6
_) __ __, 

PRINCIPAL INVESTIGATOR: l._(6)_<
6l ___ __. 

AfN IMAl PROTOCOL TITLE; The impact of blast exposure on mous~ daily activities 

GRANT TITil..E (if different from above): UCSFfUSUHS Partnership to develop tau prion 
t11ertrpemics for chrnn.11.: traumatic 1:ncephalopathy 

USUHS PROJECT NUMBER:,_1<6)_(6) __ _ 

CO-INVESTIGATORCSl: ._j<b_l(6_> _ __.lu.s.J,.,.<b"")(a""'") --, M.D. 

TECHNICIANS($):L..l<6_H6_) __ _,~1.D., ._1tb)_ce) _ _ __,IM.s.J ..... <
6_)te_) __ _,lrh.D. ~L..<6_)t6_) _ ____. 

M.D. 

I. N_ON:--IECl:tNiCAL_SYHOe_s1s: 
Blast exposure is a common rype of traumatic brain injury <TBI) experienced by military 

service members in theater; particularly those who have served in Operation Iraqi Freedom (OIF) 
and Opl'mition l::nduring Freedom (OEfl. Many of th~sc service memhers report e~pericncing 
sigfli'liC<mt change~ in h~havk1t and mom] post-injury. Clinical reports have documented thai a 
st1bset of these TB! patients demonstrarc changes in overall daily activity. including changes in 
amusal and attention, excessive daytime sleepiness. as well an unrestful sleep ut night. In post 
mortem studies, these clinical ohservarions have been linked to injury in a hrain ar~a called lhe 
hypo·thnlamus. which contains hrain cells that corUrol arousal and ~Jeep-wake cycles. We will 
study in laboratory mice how exposure to blast wave(s) affects daily activity of the mice, and 
study how the blast may change certain chemicals in the hrain. We hope this research will shed 
light on the effects of overpressure shock waves on hehavioral homeostatic mechanisms tha1 
could play an important role in recovery from TBI. 

11. BACKGROUND: 
111.1. Background: 

Due lo miHtary conflicts overseas. in recent years there has b~en im:reaslng intc!rest in the 
dfocts of hlast overpressure on the hrnin. Animal modds of blast injury are being ernployed to 
investigate the physical and m:uropsychological symptoms faced by military personnel exposed 
to blast waves resulting from the detonation of explosive devices (Goldstein el al, 2012). Animal 
models of blast have used both rats and mice. and these studies have aided in the elucidation of 
the acute and chronic gross neuropathological and behavioral symptoms that arise after exposure 
to hlast overpressure (Ahlers et al. 2012; Cemak et al. 2011; De Gasperi er al, 2012; Goldstein et 
al. 20 1 2~ Koliatsos et al. 201 l: Rubovitch et al. 2011; Tweedie et al. 2013: Valiyaveettil et al, 
2013: Xie el al, 2013). Animal blast models show promise for providing critical inf<mnation in 
line with the goals of the CNRM in exploring and developing treatments for TBI and post
traumatic stress disorder (PTSD)-related symptoms in military personnel and veterans. The 
CNRM Pre-Clinical Studies Core has a newly-designed, state-of-art Advanced Blast SvmuJator 
(AIDS; ORA Inc, Fredericksburg. VA) for investigators to employ in research examining TBI and 
PTSD. The area of blast eflects on daily activity homeostasis has received no prior attention. 
Pre-clinical modeling may be an important approach for detennining the mechanisms that 
underlie arousal and activity changes atier TB!. 
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Based on prior evidence from clinical studies and animal research. the hypothalamic 
hormone. orexin. is knO'wn to play a significant role in activating many pathways throughout the 
central nervous system that maintain arousal during the waking state. Excessive sleepiness in 
narcoleptic patients. for example. has been linked with loss of orexin neurons. Similar findings 
have been observed in Parkinson patients who report experiencing sleep attacks and difficulty 
staying awake. Furthermore, dose to half of TBI patients report experiencing sleep disorders. 
which have adverse effects on recovery and quality oflifc. Orcxin has been shown to decrease 
following TBl-both in the acute setting and chronically as measured in the CSf of patients 
(Baumann et al. 2005b: Baumann et(.}/, 2007 ). Post mortem studies further delineate loss of 
orexin neurons in patients with kno\1.11 TBI (Baumann et ul. 2009). Like orexin. melanin 
concentrating hormone (MCH) plays a role in sleep-wake regulation, v.here overall it promotes 
the induction of REM sleep. Postmortem studies of patients with TB! have also shown a decrease 
in MCH neurons along with orexin neurons (Baumann el (Jf. 2009). linking both of these 
neuropeptides to arousal and general activity levels, as well as sleep-wake cycle regulation. This 
project will examine the impact at.blast exposure on mouse daily activity cycles and whether or 
not blast alters brain le-. els of orexin and MCH. 

11.2. Literature Search for Duplication: 
11.2.1. Literature Source(s) Searched: Biomedical Research Database (BRD) 
11.2.2. Date of Search: July 13. 2015 
11.2.3. Period of Search: 1998-2009 
11.2.4. Key Words and Search Strategy: All fields: Rodent. behavior. blast: orexin. 
melanin concentrating hormone, mice. Results: 2 hits 
11.2.5. Results of Search: 
The BRO database includes thousands of records of previous rescan:h programs. No hits were 
found relating to the full set of keywords, ··Rodent, behavior. blast; orcxin. melanin 
concentrating hormone. mice." A second search was performed for the words, mouse. blast TBI 
and orexin. No hits were found. A third search was performed to see if any studies had been 
performed on orexin and this search derived two hits. One project wa'> entitled, ··Molecular 
connections between arousal and metabolic disease: Orexin and Modafinil .. that investigated 
chronic pharmacological activation of orexin-A and related pathways on metabolic status and 
obesity. A second project entitled, "Role of CRF and orexin in driving ethanol consumption," 
investigated the ·'mechanistic relationship hctwccn acute exposure to corticotrophin releasing 
factor (CRF) and orexin and how forced abstinence and extinction from ethanol self
administration alters the properties of CRF receptors and orexin receptor-dependent potential ion 
of NMDA receptors in the ventral tegmental area." Conclusion: No related hits indicate there is 
no overlup of this protocol with previous research programs in the DoD. 

11.2.6. Literature Source{s) Searched: NIH RePORTER 
11.2.7. Date of Search: July 14. 2015 
11.2.8. Period of Search: Projects through fiscal year 2015 
11.2.9. Key Words and Search Strategy: Orcxin, traumatic brain injury, mice 
11.2.10. Results of Search: 
The NIII website, RcPORTER. was used. The keywords orexin. mice and traumatic brain injury 
produced no hits. The keywords orexin and traumatic brain injury produced one hit. The hit was 
NIH grant RO l NS065069-07. entitled "Mechanisms underlying tauopathy following traumatic 
brain injury." The project description docs not directly mention orexin, but this group recently 
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---------------

published a paper related to this support (\Villie e1 al. 2012). Conclusion: No rclat.ed hits 
indicated there is no overlap with previous research federally sponsored research programs. 

11.2.11. 
1.2. 7. 
11.2.12. 
11.2.13. 
11.2.14. 

Literature Source(s) Searched: PubMcd 
Date of Search: July 14, 2015 
Period of Search: >24 million references: 1949-~015. 
Key Words and Search Strategy: Orexin. mice. and traumatic brain injury 
Results of Search: 

PubMed was used with the keywords. mice, orexin and traumatic brain injury. and six hits were 
derived. One recent publication described the trouble with wakefulnes.~ se~n in mk~ after fluid 
percussion injury (Lim t!I al. :!013). A second finding was the paixr just noted abov1: in IJ.2.6. 
where reduced wakef1.1Jness wos seen after controlled cortical impact TBI (Willi~ t:I aJ, 2012). A 
third report descri~s changes in orcxin receptor immunostaining in the brain rcgi<..\n surrounding 
the injury site from controlled cortical impact (Mihara ~r ul, 2011 ). /\ 4th repon was a 
metanalysis of the effects of various factors on locomotor activity. It reports that "genetic and 
pharmacological alterations that enhunce the dopamine. orexin. histamine. cannabinoids systems 
or that antagonize the cholinergic system induce an increase in locomotor activity" (Viggiano, 
2008). Finally the 5lh and 61

h puhlications were reviews (Baumann and Bassetti. 2005a: 
Harrington. 2014). With the kcy\a,ords or~xin and traumatic brain injury.::!<> hits were obtoined. 
In general. these publications were reports 1hat orexin is related to activity levels. and that TBI 
has a deleterious impact on amu~al and activity and/or sleep· wake cycles. I Iowcver. none of 
these publications related to the possible efiect of blast overpressure on activity and orexin in a 
pre-clinical model. Conclusion: There arc no reports <if the effects of blast on orexin and general 
activity levels in mice as dcscrihed in this protocol. 

Ill. OBJECTtVE\HYPOTHESIS: 
The objective of this project is to assess the effects t)f hlast TRI (sing!~ vs. multiple events) 

on ovcr::ill behavioral activity and putative brain systems that regulate activity and sleep-wake 
cycles. Using a mouse model orhlast TBI. we hope this will allow us to elucidate the effrt:ts of 
bias! injury on daily behavior cycles. cognition. emotion. and memory. and what impact blast has 
upon hypothalamic neurons that regulate arousal and sleep. Specifically. '-1.e \a,ill assess hrain 
tissue post-injury for changes in ort:xin and melanin concentrating honnonc neurons. This study 
will also allow us to assess any significant differences between single exposure and multiple 
exposures to blast injury. his hvpolhcsized that exposure lo blast overpressure will reduce 
mouse overall activity kvels and produce fragmented periods of sleep and wakefulness. We 
predict these changes will correlate with additional signs of TBI. including cognitive deficits and 
impainnent of memory function. and a decrease in brain le.,,.els of orexin and melanin 
concentrating honnone. 

IV. MJUTARY RELEVANCE: 
The ri?levance of this research i.s to assist in meeting a major o~jective of the CNRM: "to 

address the current needs of the medical community to better diagnose and intervene for the 
prevention of the long tenn consequences resulting from traumatic brain injury, particularly in 
the context experienced by service memhers in Operation Iraqi Freedom (01F) and Operation 
Enduring Freedom (OEF) ... According to a respected RAND Corporation report (Tanielian and 
Jaycox, 2008). as many as 18.5% of the service members returning from these conflicts meet the 
criteria for a diagnosis of either PTSD or depression. and 19.5% of service members have 
reported experiencing a probable TBI during deployment. These estimates translatl.!' to 
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approximately 320.000 cas~s of "probable TBl"' and 300.000 cases of reported symptoms for 
depression or PTSD. Most cases of TBI in OIF and OEF arise from blast injury associated with 
the detonation of explosivt devices in the form of non-contact closed head injury. Scientific 
research related to d~veloping a better understanding of the biological process~s and treatment 
for blast-induced TBI and/or psychological trauma is necessary for the care of our service 
members. Specific consequences ol'TBI indudc arousal and sleep-wake disorders. which plague 
up to 43% of people who have experienced TBI (Baumann er ul. 2006: Castriona er al. 2007). 
The laboratory mouse. using this injury modd. is expect~d to advance our kMwkdge of 
biological mechanisms of brain inj ur: that result in behavioral acti\·ity disturbances. Uncovering 
such mechanisms will allow us to develop strategies for treatment and impro\'e the quality of Ii te 
for service members with TBI. 

V. MATERIALS AND METHODS: 
V .1. Experlmental Design and General Procedures: 

Overall experimental desi~n. The ABS will he used to create a mouse model of blast TBI. 
from which we will study disruptions in activity and sleep-wake regulation: ukin W what has 
tx:en documented in clinical studi~s following concussion and impact TBI. The main studies 
(Experiments I. 3-5) will comprise four treatment groups of mice: l. Mic~ exposed to a single 
blast injury. 2. a second group exposed to multiple blast jnjuries. and 3. and 4. will he groups of 
mice serving as sham-treated animals for comparison of results obtained for the lirst and second 
groups. respectively. As outlined in these experiments . .,..e will assess the ctfocts of blast 
overpressure on overall behavioml activity. sleep-wak~ cycles. cognition. emotion. and memory, 
and neuroanatomical changes. 

Table 1. Summan of ExDeriments 1-5 

Bla11t 
Home Bthitvior Hi~tology/ 

Length 
Experiment Purpose of Study Eir;posu rc(s) Cage 

Tcstin~ Biochemistry 
or 

Ac:tivitv Studv 

1 
Short-tenn brain 

Yes No No Ye~ 7 days changes 

2a PilL)t study of No AnyCagc No No 7 days 
Experiment 3 

2b 
Pilot stud)'· of No Telemetry No No 14 days 
Exoeriment 4 

Acti\ it)'. be ha\. ior. 
3 and brain changes Yes AnyCagc Yes Ye~ 30 days 

after blasr~s) 
Activity. behavior. .. and brain changes Yes Telemetry Yes Ye~ 37 days 

after blast! s) 
Long-Tenn 

~ 
Behavior and brain 

Yes No Yes Ye!> 90 days 
changes ofter 

blast{s) 

Taiblt l is an ovc:rvicw of the experim~nts. Experiment I (described below) will evaluate 
short-term changes in brain levels of orexin and melanin concc:ntra.tin~ honnon~ (MCH) in the 
first seven days after exposure to a single blast or repeated blast (I blast/day for 5 days). 
Ex~rimcnt 2 will be a pilot study to \'erify that the instrumentation (cxplain~<l below) is 
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properly working before starting Experiments 3 and 4. rinally. Experiment 5 will evaluate the 
long-tenn effects of blast exposun: on behavior. 

Due to the relative novelty of this approach to blast-reluted TB! symptoms. two 1.:xpcrimcntal 
approaches will be used to measure mouse ac1i-..ity. In Experiment 3, mice (across the four 
treatment groups mentioned above ) will be ~valuated for daily activity patterns with the Stoelting 
Company's AnyCage home cage chamber I hereafter described as "chamber''). In Experiment 4. 
animab will be evuluatcd for daily ac.:tivity using the OSI PhysioTel>t ETA-FIO transmitter 
system (hereafter abbre\'iated as "t~kmetry system"). The "chamber .. approach consists of 
placing individual mice in an An}Cagi: home cage. which is an environment:llly-rcgulated, 
ventilated chamber with a computer that controls 1he cha.mbt-r's light-dark eye I~. The apparatus 
also monitors daily food and water intake and running wheel activity. and an infrared camera 
system measures overall movement. The .. telemetry system .. employs an implantable device that. 
under sterile conditions. is positioned subcutaneously in the nape of the mouse. Screws are 
implanted in the skull to monitor EEG. The mouse is then placed in a standard LA\1 mouse 
home cage that is positioned on top of a OSI PhysioT cl k Receiver that records radio frequency 
signals broadcast b)' the transmitter to monitor EEG. as .. .,·cJI as activity as the mouse freely 
moves about its home cuge. 

V .1.1. Experiment 1. Short term effects of blast exposure on brain changes in 
levels of orexin and MCH. The first experiment will evaluate changes in levels of the 
neuropeptide:;, orexin and MCH. in thl! hypothalamus. Separate groups of 30 mice each (Table 
2) will sustain I or 5 blast exposures and on Days I. 3. or 7 after exposure I 0 mice per time point 
from these samples will be euthanized as described in V • ..a.6.F.uthanasii&. The bmin tissue will bc 
used for immunuhistochemistry and western l'>lotting to measun: levels or ort!xin and MCH as a 
functionoftrea d · f! tmcnt an tlmr.:: a ler m1ury. 

Table 2. Experiment 1. Short Term Effects of Blast 
Experimental Treatment No. of Mice Pain/Distress Catei.tory 

I Blast Exposure 30 D 
S Blast Exposures 30 n 
I Sham Treatment 30 c 

5 Sham Treatments 30 c 

V .1.2. Experiment 2. Pilot studies to validate use of the AnyCage system and the 
telemetry system, and refinement of surgical procedures. 
The purpose of Experiment 2 will bi.! to vcri fy and refine cxpcriml!ntal pro..:1.:durcs for 
measurement of activity. No mke in this study will sustain blast TBI. In Experiment 2A {Table 
3). a total of20 mice will be used to ensure the operation of the AnyCagc system. Specifically. 
untreated mice will be placed in individual AnyC'age chambers to ensure the software and 
movable parts in the chambt:r art: working properly. In Experimt:nt 2B. 20 mice will be u::;ed lo 
practice the surgical implantation procedure of the telemetry units and to ensure the units are 
working properly and recorded by the recdver systems. Experiments 3 and 4 (des,ribed below) 
will only take pl h h f It d I · E · .., ace w t!n we ave u procc ura success m xpcmmem - · 

Table 3. E.x 1erimeot 2. Pilot Studies 
Expe1imental Treatment 

2A. AnyCage 
2B. Telemetry 
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V.1.3. Experiment 3. Effects of blast exposure on daily activity in the AnyCage 
Chamber. As summarized in Table .i, a study will be perfonned to detem1ine lhe eftects of 
blast TBI on daily activity. feeding. drinking. and whed running as e\'aluated by placement of 
mice in the AnyCage ~hambers. Briefly. ::W mice per treatment group will be individually housed 
in an AnyCage chamber beginning on Day I and randomly assigned to sustain one or five 
blast(s), or one or the sham trcatment(s ). Following each treatment. they will~ placed back in 
individual AnyC h b · I f 30 d al!e c am ers tor a tota o ays. 

Table 4. Experiment 3. Activity Effects of Blast 
Experimental Treatment No. of Mice Pain/Distress Catei.zorv 

I Blast Exposure I 20 E 
5 Blast Exposures 20 L 
I Sham Treatment 20 E 

5 Sham Treatments 20 E 

As descrihed later. these animals will receive behavioral testing on Day 8 (Open Field lest). Day 
JO {Zero Maze). Days 14-17 {Morris Water Maze) and Day ::!I (Porsolt Swim Test). All of the 
animals in this Experiment arc in the Pain/Distress Categorr E. since that will he tcstl;!d in the 
Porsolt Swim Test. where the mouse is pl3Ccc.l in an inescapable water trough. 

V.1.4. Experiment 4. Effects of blast exposure on daily activity and EEG activity as 
measured by telemetry. 
The experimental design for Ex~riment ~ (Tablt 5) is identil:al to what u·as described for 
Experiment 3. However. in Experiment 4. the OSI PhysioTet" ETA-FIO lransmillcr system will 
be used. One week hcfon:~ blast c.,posurc. animals will be deeply anesthetized and the transmitter 
will be implanted sub,utancously. following implantation, the skin incision will bl! sutur~d. The 
two leads from the transmitter will be thrcadl!d underneath the animal's skin to attach one wire 
cuch to a scrl! I d h ·di' f h k II d h · 1Jl f h · tal bone. The wpace over l c m1 me o t cs ·u an c.wcr t c mtt c 0 t c earie 

Table 5. Experiment .i. Short Activitv and EEG Effects of Blast 
Exoerimcntal Tn:atmcnt No. of Mice Pain/Distress Catcl.!.orY 

I Utast Exposure 20 E 
5 Blast Exposures 20 E 
l Sham Treatml!nt 20 E 
5 Sham Treatments 20 E 

scalp wound will then be sutured so the mouse will not have access to the leads. A lotal of 20 
mice per treatment group will then be placed back into their individual home cages thal are 
positioned above the DSI receivers to allow recording of EEG and behavioral activity. On Day I 
(one week after transmitter implantation) animals will he randomly ussigned lo sustain one or 
five blast{s). or one or five sham treatment{s). Following each treatment, they will be placed 
back in their home cage. and they will remain there for 30 days. As described later. these animals 
will receive behavioral testing on Day g (Open Field Test). Day 10 (Zero Maze). Days 14-17 
(Morris Water Maze) and Day 21 (Porsolt Swim Test). All of the animals in this Experiment are 
in the Pain/distress Category E. since lhat will be tested in the Porsolt Swim Test. where the 
mouse is placed in an inescapable water trough. 
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V.1.5. Experiment 5. Long 'term effects of blast Qxposure on daily actrvity» 
Experiment 5 wil I evaluate lhe long·tenn effects of blast exposure on behavioral perfonnance 
and histOpathology, Mice in this ex.perim~nt (Table 6) will rccdve beh;;niorul testing us 
<l~s~ribed in Experitncnts 3 and 4. but the testing will oc~ur at a later time to dcm:nllifle whether 
or not there ::n~ long-tem1 behavioral impainnents from blast exposure. Please note these animals 
will not be evaluated in the AnvCaue or tc!lemetrv accivit:v units. 

~ " 

Table 6. Exoeriment ~. Short Activity and EEG Effects of Blast 
Experimental Treatment No. of Mict} Pain/Distress Category 

I Blast Exoosure 20 E 
S Blast Ex15osutes 20 (,:-._ 

I S barn Treatment 20 E 
5 Sham Treatments 20 E 

. . . 

Thl!sc animals will receive behavioral testing on Day 68 (Open Field Tl!st). Day 70 (Zero Maze), 
Days 74-77 (Morris Water Maze) and Day St (Porsolt Swim Test). All of th~ animals in this 
Exiperament arc in the Pain/di:mess Category E. since that will be tested in the Porsolt Swim Test. 
where th~ mouse is placed in an inescapahle -water trot.Jgh. 

V"2.. Data Analysis : 
Based on prior experience. a total of 10 m.jcc for each of the to\1r trcatn'hmt groops in !Sxpc:timent 
_t shetuld lbe sufficient. The estirna.-te frir the !equ~red number.of animals neede.d _f~r Ef~~)im.

1 
cn~I I 

1s based u on a recent study we performed in m1c~ that recc1,·cd a closed head 1TlJUfY < 

< l > In this study. there were 8 mice that each received sham trcalmcnt or a single c ose 
cad concussive injury. /\n analysis of variance was perfom1cd. and indicated there was a 

significant di fterence in staining density for orcxin in the mouse hypotlialamic region as a 
fun.ttiof'l ()finjury (mean diffcrence- 2J.597. standard deviation of th~ rcsiduats~13.474, 
F1.1i1=12.2h4,p=0.004. powcr=0.891). I perfonned simulations using the SigmuPlot program for 
estimution of power of a similar analysis of variance. but in this case when there are four 
treatment groups and IO mice per group. Power estimation indicated that with the 
aforemcntkmed mean and standard deviation of residuals. power is approximately 0.891. For 
Experiments 3-5, a sample site of 20 mice/treatment group appears to be ample for behavioral 
testing and for what is usually reported in publications of mouse behavior testing (number of 
subjects per group is usually in the mid-teens). This estimate appears to be in line with 
suggcstiolils by internationally recognized experts. for example. Crawley suggests that .. N = 20 
mice or more per g~notype ore often needed to complete the lirst set of behavioral teis~s in a new 
line of mt1tant mice" (Crawley. 2007). 

Siatistircul Analyses; Food and \\ater intake. and wheel running periods recordi.!d vn the 
An.yCages will be compared across treatment groups. Activity data acquired in the AnyC.ages 
will be evaluated to compare any changes during the light and dark phases (Pack et al. 2007). 
Duca for activity and EEO wave function will employ the software supplied by the vendor of the 
tramm1hters (Datu Science lntt:mational, 2006). The SPSS statistical analysis program (IBM. 
version 20.f>) will be used to compute the arithmetic mean and standard deviation of multiple 
measures of nctivity. EEG response and each behavior test employed. ln addition. a repeated 
measures single-factor analysis of variance (ANO VA) will be used to assess whether ur not 
perfonnaf\ce on each te:'lt is the same when comparisons are made of repeated testing results. 
Calculations will be perfonned to dett!nnine whether or not the sample sizes/group were 
adequate to obtain sufficient power (~0.70). lftbe data suggests there is variation between the 
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testing of each cohort of animals. a nested AN OVA can be used to assess whether or not th~re 
are diffi:rcnccs b1:tween cesting events on repeat~d tests. Finally. to assess some degree of the 
relationship of performance on tests within an ..::xpl!riment, correlation coetlicients will be 
computed for euch animal· s score on each subtask. Neuropathological data also will ~ 
summari2ed based upon visual inspection and descriptions of level of pathology. 

V.3. Latio:r;atciry Animals Required and JU$tificatlon: 

V .3.1. Non"·animatAlte.n1ati_v_e_s_C_Q_mdd_e_r_ed: 
Anhnals are required for this research to assess in vim cellular and molecular effects of blast

induccd TBI and resulting behavioral pcrfonnance. These data will provide u means for relating 
behavioral responses to central nervous system function in vivo. Non-animal alternatives do not 
11epl:icate dhe three dimensional structure or temporal changes thal occur as a function of complex 
beha'fioral responsesito tasks presented to a live animal. including rhe evaluation of how TBI 
affel'.tS daily activity cycles. Further, computer modeling and in vitro methods will nor address 
experimental questions of the complex. real-tifne changes and responses that occur during 
experience. 

V .. 3 .. 2. Animal Model and Species Justjfication; 
By co11sensus of members of the CNRM, C57Bl/6 mice have been chosen as the suggested! 

species and animal model for mouse TBJ research (Anon .. 2009). This is based upon the 
previous use of this strain in innumerable studies and their suitability as biomedical mode~s for 
understanding central nervous system functions in normal and pathological states in humans arid 
i'n o:rher animals. The mouse is used for these Studies because of their well4 understoad anatomy 
and endf1crin~ respon.se.s. and the very extensive database of prior physiological research that can 
be integrated with this new information. 

It is necessary to use mic~ instead of a ··lower .. species since the research results should be 
directly associated with intense dforts in other laboratories throughout the world to try and 
further our understanding and eventual treatrt1ent effectivcnc:ss for psych<>logical stress and brai.n 
injury. Mice are commonly used small animal models for the study of neurnbitllogical and 
genetics research, including tht: impact of physical injury and en vi ronmenrnl stress upon neuron 
connectivity. experiential effects on synaptic plasticity, signal transduction, and for assessing 
treatments to reduce neurologica1 damage and improve quality of lire. In the case of'nrnrine 
transgenic and gene knockout models in neuroscit::nce a11d behavioral n..-search. "wild type" 
CS7B1J/6 mice often serve ns the genetic "background .. or control for comparison of genetic: and 
genetic/environmental effects (Crabbe. 1999; Crawley et al, 1997: Mishina and Sakimura. 2007). 
Recent work suggests ttmt male and temal~ mice exhibit similar behavioral impairments after 
TBI rrucker et al. 2015a; Tucker er al. 2015b ). Half of the mice per treatment group will be of 
each sex. A sample size of 10/seiJgroup will permit us to explore possible sex differences 
resulting from ll:ll. but this is not expected. 

V.3.3. Laboratory Animals 

V.3.3.1 ,, .Genus & Species: 

V.3.3.2. .Strain/Stock: 

V.3.3.3. SourceNendor: 

USUHS Form 3200 - Revi$ed October Z008 
Previous versions are oosofete 

l(bJ(4) 

Species #1 
Mus musuclus 

C57Bl/6 

Species #2 
Alf us musudus 

CS7Bl/6 
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V.3.3.4. Age: 8-12 weeks 8-12 weeks 

V.3.3.5. Weight: 20-25 grams 20-25 grams 

V.3.3.6. Sex: Female Male 

V.3.3.7. S~ecial Considerations: None "\Jone 

V.3.4. Number of Animals Required (by Species): \-fice: 200 Mice: 200 

V.3.5. Refinement. Reduction. Replacement (3 Rs): 
V .3.5.1. Refinement: 

Four refinements will be performed in our protocol. 1. After delivery to the Llniversity. rodents 
will be acclimated to the animal facility for 5-7 days before use. 2. rnvcstigator handling before the 
commencement of TBI procedures and behaYioral testing wi II be used. to relieve distress from the 
potential combination of handling distress and the testing procedures. 3. Prior to the use of animals 
in the ABS, the parameters of the blast are measured to ensure that the shock wave characteristics 
are consistent across days and approximate blast levels described in the literature for animal 
research. 4. Analgesics and anesthetics will be used to decrease possible pain and distress resulting 
from surgery and blast. 
V.3.5.2. Reduction: 

We will perform pilot studies using the smallest number of animals possible to ensure proper 
operation of the /\nyCage chambers and the telemetry system before using mice. This will 
ensure use of a larger cohort of animals will derive useful and reliable data. The number of 
animals for the larger scale studies (Experiments 3-5) is based on experience from working with 
rodent TBI models and behavioral assessments. If we find that variability in results is low and 
replicable results are obtained with a fewer number of animals. t'ev.er animals may he used. 
Finally, we may obtain data that suggests that behavioral results are quite similar for the two 
sham groups in Experiments 3-5. Specifically. separate groups of mice arc exposed to a one-time 
sham treatment while other mice will receive sham treatment (brought to the ABS room. 
anesthetized) five times. We may discover we can halve the number of animals in these groups 
as a means of reduction. 
V.3.5.3. Replacement: 

Biological response to central nervous system injury. psychological stress, and experimental 
treatments is highly complex: no alternative to in vivo experimentation is available or practical. 
We use a mouse model versus a nonhuman primate model or other higher species. Mice are the 
least sentient and dcriYcd animal model we could use for this study and still obtain results that 
are applicable to the mission of the research. 
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V.4. Technical Methods: 
V .4.1. Pain I Distress Assessment: 
V.4.1.1. APHIS Form 7023 Information: 
V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 (mouse)* 

80 

80 

240 

Species #2 

•Explanation of pain categoric:s: 60 sham-treated mice used in Experiment I (Pilot Study) will receive no invasive 
or distressful treatmenr. They :ire Categof') C since: the) will onl) rccci~c isoOuranc tn.:atmcnts as the sham 
proi;edun: for blast treatment and be placed in the An;Cage chambers. 60 mice in Experiment 1 are considered 
Category D. These mice will ~ustain hlast exposure, hut given analgesic as a safeguard to an} pain. In Experiment 2, 
20 mice arc considered Category C since the} will receive no treatment or surgery and will be housed in the 
AnyCage chambers. The remaining :'.O mice in Experimcnt 2 arc CatcgoT) D since the} will sustain surgical 
implantation of the transmitt<.>r, but the) will be provided with analgesia 10 alleviate an> pain from the surgical 
procedure. The 240 mice in Experiments 3-) arc assigned as Category E. l hey will be tested in the Porsolt Swim 
Test apparntus. As dl!scribcd bdow. this tc~t invol~cs inescapable placement in water. where the mouse must swim 
to maintain itself i:lbove water. Since blast exposure and surgery "'ill include analgesia treatment. animals in this 
group do no! meet the criterion of Category E for una!lcviatt!d rain from the sham treatment or blast exposure or 
transmitter implant. but from pariicipation in the Porsolt Forced-Swim rest. 

V.4.1.2. Pain Relief I Prevention:V.4.1.2.1. 
Anesthesia/Analgesia/Tranquilization: 
Anesthesia for Blast and Sham Procedures: For the blast and sham procedures. mice will 

receive the inhalant anesthetic isoflurnnc + I 00% oxygen (0.5-4% isollurane, induction; 0.5-3% 
isoOurune, maintenance). Isofluranc will bl:! delivered using u prt!cision vaporizer via a rodent 
anesthesia machine. Induction will occur in an appropriately-sized clear vi~wing chamber. 
Following induction. rodents will be moved to the /\BS device and anesthesia will be maintained 
via a nose cone. Waste anesthetic gases will be passively scavenged using a churc0al tilter. Lack 
of paw-pinch retlex will be used to ensure adequate depth of anesthesia prior to be):!;inning the 
procedure. Close attention will he given to cnsun: the rodents remain unconscious and are 
unresponsive and. if needed, supplemental administration of am:.sthetic wi II he gi vcn. Should 
experimental procedures with the ABS require an extended period of unconsciousness for the 
mice. we request an alternative to isofluranc anesthesia hy tht! administration of an 
intrapcritoneal injection of sterile ketamine (90-100 mg/kg) and xylazinc ( 10 mg/kg) in the 
ventral caudal abdomen with a 26-28 gauge needle. Following blast or sham procedure, the mice 
will be monitored to verify anesthesia recovery as evident hy ambulation and exploring their 
cage. During induction with anesthesia and during the reco\'ery period. a warming pad is placed 
under the cage. 

Anesthesia for Surgical Implantation ofthc ETA-Fto Transmitter: Animals undergoing 
surgical implantation of a telemetry transmitter v.'ill be ancsthesized with ketamine ( 80 90- l 00 
mg/kg b.w.) and xylazinc ( 10 mg/kg b.w.) intraperitoncally in the ventral caudal ahdomen with a 
needle size range of 26-28 gauge. Close attention will be given to ensure the rodents remain 
unconscious and are unresponsive to a paw-pinch and. if needed. supplemental administration of 
anesthetic kctamine and xylazine will be given. Following transmitter implantation, the mice will 
be monitored to verify anesthesia recovery as evident by amhulation and exploring their cage. 
Following the administration of anesthesia. during the implanlation surgery. and during the 
recovery period, a warming pad is placed under the cag~. 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

11 



Analgesia: Mice exposed to the ABS exhibit a similar awaken ing tim.: to what is observed in 
sham-treuted animals. and they immediately beg.in e:-tploring and sni ffing behavior. Animals will 
be observed again one hour after home cage placement to ensure there arc no signs of discomfort 
(difficulty hrenthing. hunched posture. tremhling. lack ofreoction to gentle touching (lethargy). 
or seizure activity) . If needed. the LAM veterinarian \I/ill he consulted should ther~ be signs of 
conti nued discomfort or distress. From previous observation of> I 00 mice in ABS studies. 
animals arc not c:i<pccted to experience pain or discomfort from the ABS procedure. Howc:ver. 
mice will be provided with acetaminophen (Tyl~nol) in their drinking water ( l mg/ml; - 200 
mg/kg b. w.) for :24 hours ::is a precaution. A similar procedure will be initiated in mice following 
implantation of the trans miner and cranial screws. Mice will be prO\'id~d with acetaminophen 
(Tylenol) in their drinking water (I mg/ml: -200 mg/kg h.w.) for 24 hours. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: 
Animals will be returnl!d to the animal facility alier all procedures. They will be monitored in 

their cages for cnrnplicatinns. such as lethargy. reluctance tn amhulate, inahility to obtain feed. 
o.nd seizures. If applicahle. mice that will be returned to the animal facility atter ABS procedures 
will be monitored in th~ir cages for cvid~ncc of p~ritonitis or oth~r complications following 
intraperitoneal injection of k~tamine and xyla7.inc (if these medications arc employed instead of 
isotlurane). It is expected that complicntions will not be ~ncountered . Any animal 1hat 
experiences problems will be evilluated and treated or euthanized as detennined b) research staff 
or Pl and V cterinarian. 

V.4.1.2.3. Paralytics: N'A 

V.4.1.3. Literature Search for Alternatives to Painful or Dist.ressful Procedures: 

V.4.1.3.1. Sources Searched: PubMed 
V.4.1.3.2. Date of Search: July Q, 2015 
V.4.1.3.3. Period of Search: 1986-2015 
V.4.1.3.4. Kev Words of Search: Keywords: ("Models. Theoretical"[Mesh] OR "In 
Vitro"[ Publication Type] OR "c~ll line"[mh] OR "Cells. Cultured"[ mh] OR "virtual ccll"[t\11] 
OR "Computer Simulation"{Mesh] OR "Cadavcr"[mhl OR "ex vivo"IAlll) AND ("Labor:itory 
Animal Science"[mhJ OR "Animal Rights"[All l OR "Animal Car~ Committees"[ All] OR 
"Animal Use AlternatiYes"[rnhj OR "Animal Testing Altcmatives"[mhl OR "Animal 
Welfare"[mh] OR "Animal Experimentation"[mh)l AND ("rcduction"[All] AND 
"retinemcnt"[t\lll AND "replacement"fAll DOR "3 Rs"[All] OR "Stress. Psychological"lmhl OR 
("Pain''[mhj AND ("Analgesics"[mhJ OR "Analgesia"[mh] OR "Anesthesia and 
Analgesia"(mh]}) AND ("Brain lnjuries"[mb] OR "Euthanasia. Animal"[mh]> AND ("Micc~fmh] 
OR "Rodentia"[mh]) 
V .4.1.3.5. Results of Search: A total of ~2 references were: identified \\iith this search. None 
of the results were rele vant to alternative methods for biomedical studies in mouse core facilitie~ 
or alternatives to behavioral testing. 

V .4.1.3.6. Sources Searched: ARJ"icola 
V.4.1.3.7. Date of Search: July 9. 2015 
V .4.1.3.8. Period of Search: No date limits. 
V.4.1.3.9. Kev Words of Search: Rodent. behavior, injury 
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V.4.1.3.10. Results of Searcih: No hits were retumed for this search. However, the ·p1 is 
aware of alternative approaches. incliudi11g recenc article by Combes, which was reviewed 
(Combes. 201J). and earlier articles by Haning and Zurlo (Hartung and Zurlo. 2012). Flecknell 
(Fl.eckndl, 2002), and Stewart and Manin (Stewart and Martin. 2003). These publications do not 
offer lill alternative to animal models of traumatic brain injury or in vfro behavioral testing. 

V.4.1.3, 11. Sootrees Searched~ ALTWEB; CA.AT (Johns Hopkins Center for 
Altcrnath•e for Aniimal Testing); (Sear ched at http://altwcb.jbspb.t?du/) 
V.4.1.3.12. Date of Search: July 9. 2015 
V .4.1 .3.13. e_e_d_o~d__QLS~e_a_r_ch : 2000-present. 
V.4. 1.3.14. Key Wortts of Search: Rodent, behavior, injury. blast 
V.4.1.3.15. Results of Searclb: Th~s search rdumcJ no hits. 

V .4.1.4. Un_a_ll~\Li:ated~PairofuLo_r__Oj_sJr_e.s_sfuH~_r_ocedure JustificatiQn : The mice used 
in Exper1mcnts 3~5 will receive behavioral tcsfo1g {sec Tables I and 7). Tltis testing involves use 
t)f ,the PorsoH Forced-Swhn Test. which may elicit a moderate degree of distrt!sS. As described 
bdow. thi~ test involves placing the ifl(lUSc in a water-filled cylinder for a 2· and then a 4-minute 
trial. Mice must tread water to remain fully afloat (note that some mice quickly rcnlizc they 
esscnrially c:in remain still and tloat). IL is nccessar) to pcrfonn this tl!st with no tranquilization. 
sinc·c: the animal must experience the challenge while fully awake and aware. 

V.4.2. P11ol:o_og~d R.es_tr_aint: NIA 

V.4.3. Surgery: 
V.4,3.1 .. Pre-surgiea~ Provisions: Nii\ 
V.4.3.2. Procedure: The mice in Experiments 2B and 4 will receive implantation of an 
ETA-Fl 0 transmiuer for telemetric measurement of activity pum:ms ond EEG in their home 
cage. The surgical procedure has been described previously by Born and colleagues (Born et al. 
2014). After administration of anesthetic (see V.4.1 .2. l. 1\ncsthcsin fur Surgical Implantation of 
th1: ETA-F JO Transmitter) and ensuring the mo11sc is unresponsive, ste1ile technique is used to 
make a midlinc sagittul incisitm (-1 cm) from the posterior edge of the skull and down the nape. 
First. the fur is shawd from the nape and scalp of the mouse. the skin is wa .. -.;hcd with Betudinc, 
wiped clean. and then dauhed with 70% ethanol. /\ subcutancous pocket is made to position the 
transmitter (-1.6 g. 1.1 cm3

) in the Jorsal midlinc of the animal. anJ two insulated wires from 
the transmitter arc then connected to two small stainless steel screws (#80'< 118 in .• Small Parts. 
Miam'i Lakes, FL) that contact the dura mater over the frontal and parietal bones of the skull 
(stercotaxic coordinates relative to brcgma suture: recording electrode. +2.5 mm ANT, 2.5 mm 
LJ\ T, and ground electrode. - l .0 mm POST. 1.0 mm LAT). Dental cement will be placed on the 
\.\irc~scrcw connection to ensure contact. The incision is then closed using surgical glue (3M 
Vctbond Tissue Adhesive), the wound will be wiped again with ethanol anJ the incision is 
covered ·witb a light coal of amibiotic cream. 
V.4.3.3. ~ost~sur,gical ProvisionS.: Mice will be providcJ v.ith acetaminophen (Tylenol) 
in ihdr drinking water ( I mg/mJ ; - 200 mg/kg b.w.) for 48 hours after surgery. Each day, they 
will be handled and visually inspected to ensure there is no sign of tenderness or swelling at the 
incision. If needed. the Li\M YCtcrinarian wi II be consulted should then: ht: signs of continued 
discomfort or distress. ,,,..,.,.,....----. 
V 4 3 . . :.i l · t· · l(b)(BJ 

" ~. .... oca ion . .,""""'i( "'"""'- ----------. 
V"4,. 3.5. Suir,geons:p ... _<6_> ________ _ 
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V.4.3.6. Multiple Major Survival Operative Procedures: NIA 
V.4.3.6.1. Procedures: 
\1.4.3.6.2. Scientific Justification: N/ A 

\1.4.4. Animal Manipulations: 

\1.4.4.1. Injections: 
Anesthetic injections will be administered as described in V .4.1.]. J. Anesthc!sia/ Analgesia/ 

Tranquilization. At the completion of all experiments. mice will be euthanized as described in 
V.4.4.2 Biosamples. 
V.4.4.2. Biosamples: 

Following completion of beha\'ioral testing and activit: analysis, approximately one-half of 
the mice will receive transcardial perfusion to obtain immunohistochemistry biosamples. In this 
case, the animals will be anesthetized a.s descrihc!d in Section V.4.1.2.1. Once the animals are 
deeply anesthetized and unresponsive to paw pinch. a midline thoracotomy is made to expose the 
heart. a 20-22 gauge blunt tip needle connected to a tube (1

/4 inch ID and 1
/ 111 inch wall) inserted 

into the Jett ventricle through the apex and the right atrium incised. After an initial washout with 
20-30 ml of cold 100 mM phosphate buffered saline (PBS). transcmdial perfusion with 50-75 ml 
cold 4% paraformaldchydc in PBS will be delivered through a gravity perfusion system. The 
brain will then be removed from the calvarium and post-fixed before tissue sectioning for 
immunohi stochemical staining. 

Approximately one-half of the mice will be directly eulhanizc!d and the brains will be 
removed from the calvarium to obtain samples of the cerebral cortex ( fronto-occipital region and 
entorhinal region). hippocampus. diencephalon. and brain stem. Samples are quickly frozen and 
stored in liquid nitrogen before preparation for western blotting. Mice will be anesthetized as had 
been descri b~d in V .4.1.:!. I. Anesthesia for Surgical Implantation of the ETA-FI 0 Transmitter 
Section. 

V.4.4.3. Adjuvants: N/ A 

\1.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 

\1.4.4.5. Animal Identification: 
To ensure long term identification, ear punches will be performed at the time of transmitter 
implantation. ABS. or sham treatment when the mice are unconscious. 

\1.4.4.6. Behavioral Studies: 
The schedule for behavior testing is outlined in Table 7. The mice in Experiments J-5 will 

undergo behavioral assessment. The mice in Experiments 3 and 4 will commence testing on Day 
8 post-injury or sham treatment. where each animal will be tested in an open field (OF) 
environment for measurement of exploratory and locomotor beha\iors. Then. on Day 10 they 
will be evaluated for performance on the Zero (0) Maze. On Days 14 through 17, each animal 
will be tested using the Morris Water Maze for spatial memory. Finally, on Day 28. mice \.\-111 be 
tested in the Porsolt Forced-Swim Test. For the three-month study (see Experiment 5 in lower 
portion ofTable 7). the mice will be tested on days as listed. 

Table 7. Blast/Sham Treatment and Beha\·ioral Testing Schedule for Mice in Ex~iments 3-5 
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Exoeriments 3 and " 
Dav 1 Dax 5 Oa" 8 Day 10 fiavs 14-17 Dav 28 Day JO 

T1reatment 
M.O'nday Friday Monduy Thursday Monday-

!\fonday W (.'() n esd a y 
Thursda'' 

l x Blast - Blast OF 0 Maze MWM Porsolt Euth::mize 
5x: Blast Blast Da\!S 1-5 OF 0Maze MWM Pclrsolt £uthal1iize 
Ix Sham - Sham OF 0 Maze MWM Porsolt. Eulhanlze 
5x. Shurfl Sham Davs 1-5 OF 0 Maze MWM Porsolt. Eulhanize 

Exneriment 5 
Day l Dav 5 Dav 68 Dav 70 l>al)'S 14-77 Dav88 Day 90 

Tre:mncn11 
Mo.ndny Ftiday Monday Thursday Monday• Monday Wednesday 

Tburscht\1 

I~ Blast - Blim or ~) Maze MWM Porsolt faithaniz.e 
Sx Blast Blust Days 1-5 Of 0 Male MWM Porsolt E.uthanize 
Ix Sham - Sham OF <)Maze MWM Porsolt Eu than ize 
5x Sham Sham Davs 1-5 OF O M:ize M\VM Porsolt Euthanize 

Open field testing: Animals will he placed in an open field environment (size: 40 cm x 40 
cm) and allowed to move freely tor up to one h,,ur. A camera iwer the apparutus is paired to 
Any-Maze video tracking software (Stodting. Co. Wood Dale. IL) and the position of th~ unimul 
is tracked for the duration of the test session. Tbc softwrue is able to provide a wealth of 
infonnation regarding the behavior of the animal in the open field environment. including bu( not 
limited to the total distance traveled. movement sp~ed~ tin1e spent immllbilc. and time/distatrce in 
us1::r~defined physical L.oncs of the open ticlJ arena. ln addition. pbotobcam arrays allow 
measurement of movement in the z-planc (rearing). These me::isures allow conclusions regarding 
exploration, lm:omotion and anxiety-like states of the: rm.lents. 

Zero maze: Mice an: plac~d in a darktned (walled) sector of the zero 1naze for five minutes. 
The apparatus is in the fonn of a circle (60 cm in diameter). ekvatcd SO cm above the tloor. Two 
quadrunts of the circular maze ure darkened and enclosed. and the other two quadrants arc 
"exposed. When placed in the maze~ mice usually spend less time in the "open zones" due to 
pc.:rceiv~d risk of fa. 111J1g ;;ind expo:.\utt: to predators. Thus. reduced tim1: exploring the open 
quadtl'rtms is ~onsideted ttl1 indi\:<.1tor ,-.f a11xi~1y-lih behavior. Th~ tim~ the mL)USie sp~n<ls in the 
light versus the Jark zones of the appuratus is measured as att~sl of mild unxil!ty (Kulkarni ct al. 
2007), 

Monis Water Maze: The Morris Water Maze is a smnJard test of the rodent's spatial 
mcmofy ca]%1bilities anu has bccn used successfully in TBI ~xperi mcnts per!Onncd by many 
investigators in the CNRM. A Stodting Morris Wah.:r Maze ('1iam.eter 4.0 m) tank is filled with 
tap water (25T) to a depth of 20-30 cm. A clear plastic platform is placed in one of the 
.. quadrants•· of the tank tloor and visual cues (solid geo1nctric shapes) arc placed on the room 
walls in locations that can bt! viewed by animals in the pool. On Day 1 (Day g post-injllry or 
sham treatment). a single pre-training trial is first used where the mouse is gently placed on the 
platfom1 in the tank an.:l the mouse remains there for 15 .s..:<:onds. If the mouse jumps Into the 
water during this time, it is allowed a brief swim (<60s) befon: being guided back to the 
platfomi. On Day 2. training trials begin where the mouse is placed near the side of the tank in a 
location away from the platform, and is allotted 90 seconds to S\Vim to the platform. Upon 
finding the platform, the mouse remains on the platfonn for 15 seconds. If the mouse does not 
reach the platform in the allottcJ 90 seconds. they are gently guided to the rlatfom1 and allowed 
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to remain there for 15 seconds. A total of four trials. separated by 1 -2 min. are performed each 
day. Swimming movements of the mouse are tracked. and swim speed (distance before reaching 
the platform) and latency to find the platform are calculated by Any-Maze software. Finally on 
the fourth day of training (Day 11) approximately one hour after the final training trial. a single 
trial is performed with the platform remo\'cd from the tank. The time spent in the pool quadrant 
where the platform was located is measured. compared to time spent in the other three quadrants. 
After all trials. mice are placed in a clean cage underneath a heating lamp until th0roughly dried 
(approximately five minutes) to maintain thermorcgulation. 

Additional measurements arc possible with the Morris Water Maze. Beginning the next day. 
reversal lruininJ: rriuls will take place in which the location of the hidden platform is moved to 
the opposite side of the tank (Zhao et al. 2012 ). The pre-training phase is omitted. and each 
mouse receives four 90-sec trials for four da) s. A second probe trial will take place 
approximately one hour after the final reversal training trial. Finally. immediately after the 
reversal probe trial. a singk visible pl::J.tfom1 trial will be conducted. A pipette with a very visible 
··flag" will be secured to the platform. The latency of the mouse to navigate to the cued platfonn 
is recorded (maximum of90 sec). 

Forced-Swim Test: Thi! Porsolt Forced-Swim frst (Porsolt el al. 1978) evaluates behavioral 
dcspuir/ll!umed helplessness. The mouse is plat:cd in a cylindrical container or water ( 10 cm 
deep. 25jY'C) and the amount of time the mouse s1Aims is recorded. A pre-exposure session of 
two minutes immediately precedes the test trial. which is four minutes in duration (the total 
duration of the exposure is six minutes). Mice tend to float with their heads above watl!r if they 
stop swimming: however. they will be continuously monitored during the test and any animal 
that appears to be in danger of sinking will be immediately removed from the water by the 
experimenter. 

V.4.4.7. Other Procedures: 
Overpressure (blast)-induced traumatic brain in jun 

Mice will receive TBI by an overpressure shock wave generated by the /\US. All mice arc 
lirst ancsthcti1.ed as described in Section V.4.1.2. l and weighed. Mice are individually secured in 
a holder that is inserted inside the distal end of the shock tube. After sustaining a short duration 
of shock wave stimulation ( <10 msec ), mice will be returned to their home cages after the 
procedure and monitored until they regain consciousness. Sham-treated animals will receive 
anesthesia and be placed in the holder at the distal end of the shock tube, but no shock wave will 
be produced. All animals will be monitored at least once per day following Tl31 or sham 
procedures. Animals are not expected to experience pain or discomfort from TB!, but will be 
provided with acetaminophen (Tylenol) in their drinking water ( 1 mg/ml; -200 mg/kg b.w.) as a 
precaution. Animals will be observed again one hour after home cage placement to ensure there 
are no signs of discomfort (difficulty breathing. hunched posture. tremhling. l<ick of reaction to 
gentle touching (lethargy). or seizure activity). If needed. the Li\M ,·eterinarian will be consulted 
should there be signs of continued discomfort or distress. 

For some experiments when mice sustain shock wave overpressure in the ABS. a high speed 
camera (Motion Pro Y4, IDT) and image acquisition so~ware (Motion Studio. IDT) will be used 
to capture motion at a rate or 4,500 frames per second. Each video "clip" is approximately 2 
seconds in duration. Subsequently. the acquired videos are imported into motion analysis 
software (Proanalyst Professional Edition. Xcitex) to determine device. and/or head and body 
movement. This will be performed following the proc1:durcs outlined in USUHS IACUC Policy 
#25 (USUIIS, 2013). Video images will be stored on <i dedicated workstation that 1s password 
protected. In addition, to ensure availability of the data should the hard drive in the workstation 
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fail. a backup external driv.e will be employed. The worksta•tion is located in Roo (ABS 
ant~:room), The hard drive is in a secured area of the LAM facility in Roo ( ) whkh has a 
loc'kirrn door .. and is stored in a lol!ke~ c::i~inl;!t. The! vide01aping will ,be pe~ibmied b~ 

fb>_<
6l . Im the mouse surrurrY surre (Roo~or ABS tesim~ suite (Room .. ~and 

v1't!wed m Roornsl<6)<6) Pnly Dr.~Dr.l(b)<6> lwilJ have acc~ss to the 
videotapes us they a:nalyze and summarize tbe findinii\s . The data analysis phase is labor
intensive and will require reUfrning the video tct:ordings until all data analysis is completed. but 
we request retaini1ng .the images for three y·ears atl\!f th~ completion of this protocol (\!.g .. August 
1, :WU if this is the duH! for initial upprov;,il of this protocol +- 3 years to Seplember 3i), 2021 1. 
At 1that time the images will be erased from the workstation's hard drive and the external hard 
drive. !Please note the measures are convened to numerical values in a spreadsheet and this 
information will be rcUfrned. Actual video images wilt n~ver b~ utilized in o presentation at USU 
or outside the Univcrsit~. Should there be any need for a depiction of a rodent in a publication or 
a lcctur~. drawings will be created in place of actual images. It is expected thui the data presented 
in graphical fonmlt will be adequate for readers or lecture attendees to visualize motion 
paril meters. 

V .4 .4.8. Ils_s_ue Sharlog: 
Excess mouse rissne \'Viii Ix madt: avai~able to other invesligalors in our or other labs. 

V .4.5, ,Study Endpoint: 
The study ~111dpoin1t is survival for the previously described durations ( 1 or 3 months), at 

which time anamals will 00 cuthanizcd. 

V.4.6. leuthanasija, 
Euthani1sin will he performed in accordance with "AVMA Guidelines for the Euthanasia of 

Animals: 2013 Edition.'' Methods of euthanasia on this protocol include de(:apitation and 
pcrfusit1n. Mice are fin;t anestheti2.ed for these procedures. Euthanasia will b~ pcrfonncd by the 
PI or his associates in 0205 l . 

Pedusiont Folfowing anesthesia per Section V .4.1.2.1 . we will en.l)urc animals are deeply 
ancsthe~ized and unresponsive to paw pinch. A trridline th(HtlCotomy is made to expose the heart. 
a 20.22 gauge blunt tip m~cdlc connecitcd to a tube (Y. in ID and 'Ir .. in wall) inserted into the left 
ventricle thr'ifugb the apex and the right airium incised. After an initial washout with 20-30 ml of 
cold 100 rnM phosphate buffored saline (PBS}. transcardiul perfusion with 50-75 ml cold 4% 
pnrofoirmaldehyde in PBS will be delivered through a gravity perfusion system. The brain will 
then be remov1ed from the calvurium and post-fixed before tissue sectioning for 
irnmunohistochemical staining. 

Decapitntiom fol~owing anesthesia per Sect inn V .4. 1.2.1. we will ensur~ animals are deeply 
anesthetized and unresponsive to paw pinch thl;ln use u rodent guillotine to decapitate the 
ancsthe,tized rodents. The decapitation equjpment will be deaned and maintuined to ensure the 
proper fut1cti0J1 hy routinely checking to ensure it is not rusted or blunt It will be ciiher 
sharpened or rce,placed ifit does not function properly. A log book will be kept of the 
maintenance of the gu.tllotine. 

In the event that LJ\M ipersonncl must euthani2e an animal for humane reasons, cylindcrized 
.:arbon dioxide will be used in the LAM necropsy room. Using a clean cage, carbon dioxide will 
he administered at a rate to replace greater than 20% of the cage volume per minute. Once the 
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animals have not moved or breathed for at least one minute they will be removed from the 
chamb~r. Euthanasia may be ensured by cervical dislocation or opening of the ithorn."<. 

V.5. Veterinary Care: 

V.5.1. Husbandri Co:nsiderations: Except as noted below. routine animal husbandry will 
be provided in accordance with LAM Husbandry 80P:i. 'for each spt:1.:ies in this pro~ocol. 

V .5.1.1. Study fRoom: 
BuHding(s) l0 1t01 

9uilrding(s) 

Room Number(s) 

Room Number(s) 

Bullding{:s) --- Room Number(s)'-==============""'"' 

V .. !.1.2. Special Husbandry Prov~slons~ 

rF o_odlle_sJd.c_tiQ_n: Yes No x 

lEliti.d B1tsittic_ti on: Yes No x 
v.s.1.J. F:"ception~: Experiments 2A and 3 will employ the Stodti.ng cf

6
manvis (Wood Duh:. IL) 

ANY-Maze Cage chamhcrs. There are eight of these located in Room ( hat cnn be used to 
individually house eight mice for continuous measurement of activity as a foncriou of time. The 
apparatus is a home cage encased within an isolation chamhet that limits external influences 
from the housing facility and other animal activities and odors. The chmnhcr is equipped with an 
infrared-sensitive light <and LEDs that provide continuous tracking of tbe animal via .a built-in 
camera linked to Any-Maze tracking software. As noted. the chamhers collect continuous datu 
related to behaviors, hKludin,i~. but not limited to, movements and spontaneous activity, ~heel
running activity, diurnal activities. f11.!.a:rlng behaviors. and food and water con:mmption. A 
computer controls the light·On and Jight-OfF period similar to the housing rooms in LAM, and a 
temperature sensor maintains a Cl1nstant chamh~r ternperatu.r~. Investigators will open the 
chambers once per day to visually inspect the ic-ase and animal and provide frcsbi food and water. 
as needed. The cage is provided with wood shaving bcddfog. as wdl as nestl~t material. which 
will be \!X1ChMged once per week. At the coml1letion of each run with a partkulat mouse, the 
chamber wrn be 1rhoroughly cleaned, where the home cage. feeding hoppt:rs. running wheels. and 
water lubes an~ rcp1aced vr.ith sanitized pieces that were cleaned in the LAM cage washer. 
Finalily, after cleaning. the NovaLUM device from Charn1 Sciences, Inc., wilJ be used to swipe 
surfaces .in the cage to monitor for the presence of ATP as a measure of sanitation hygi,ene. 
Records from the readings will be documented, and if any surfocc is found to have dctedable 
amounts of ATP. it will be cleaned again. 
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V .5.2. Veterinary Medical Care: 

V .5.2.1. Routine Veterinary Medical Care: 
The Pl or research staff will observe the mice following all prm:edural manipulations. LAM 

pt:rsonnel will observe the animals in Roo ( ) at kast once a day for general health and 
husbandry condition. For the AnyCage systems (b 6) investigators \\ill open the chamber 
doors once per day to visually inspect the c.ige and animal and provide fresh food and water. if 
ne~ded. Any animal observed to be lethargic. losing weight observed by weight recording every 
other day, exhihiting gross neurological ddicits (such as inability to cat or drink. continual 
circling. seizures. etc.) or any other signs of distress or illnl!ss will be ~valuated by the Pl an<llor 
veterinary staff. th..:n cuthanizcd as pre\ iously descrihl!d. 

V.5.2.2. Emergency Veterinary Medical Care: All emergency. weekend. and holiday 
care is provided by two animal husbandry tcchni(ians. one or more vett:rinary technicians, and 
an on-call veterinarian. Essential hushandry procedurl!s and health rounds are conducted by 
LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 
V .5.3.1. Enrichment Strategy: The: mice in Ex peri men ls 1 and 5 wi I I ht: group· housed. 
Animals will be provided routine enrichm~nt as described in LAM SOPs with the C:-<ccption of 
V.5.3.2. below. 
V.5.3.2. Enrichment Restrictions: For Experiments 2. 3-5. rcquc~t to singly house mice 
with wood shaving bedding :ind nestlct material. but not pl:.istic tunnels or other toys. The 
AnyCagcs and telemetry wiits require single housing to ermbk recording of data. Rt:garding 
enrichment materials. the AnyCages have bedding. nesting material. and a running wheel, which 
will provide enriching activity for th~ mice. I Iowever. inclusion of plastic tunnels will interfere 
with data collection. The telemetry systems are standard LAM mouse home cages with wood 
shavings and nesting material. EEG and activity recording requires a flat cage floor to not alter 
or lo:ie signal. which might occur should a plastic object be placed in the home cage. 
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VI. STUDY PERSONNEL QUAL,IFICATIONS AND TRAINING: 

STUDY PERSONNEl OUA.LIFICATIONS/TRAINING 

Protocol activity or Qualificatlons of person Specific training in this 
procedure (e.g., tail Name of person performing activity (e.g .. activity or procedure (e.g., 

vein injections, performing activity research technician, 2 rodent handling cJass, 1999) 
euthanasia) vrs e~rlencel 

(b)(6) All individunlci hah: I\ II individuals will receive 
ABS traumatic brain 

ex~rience with animal e\tens1ve on-she training from the 
injury model$ ofTDL rnanult1cturer of the ABS 

10){6) I ha..~ .. I' yec!f> 
of C\pcm:nce in rod~nt 
band ling. .ind beh,1 ~ ioral 
1c.s1i11g and nn M.S in Pl.'r,onnl lal}ormory c.-<pcncnt~·. 

Rodent behavioral t1:sting Beh:wioral Neuro..cicncc. ~be trained hy !(o\(6\ 
1(0)(0) I has 2 years of 
o!xperience in rodcn~ handling 
and behavioral 1c:.ting from 
UC Irvine. 

KD){6) lhitS many ~car> llf All lhted i nvcstlg11lo~ havt' taken 
IP injection:. C'<p;;ricncc in rocknt lianJling the Rodent Handlini.: and 

ond dru~ ndrruntsuuuon. l'n.>Cl!dural Techniques.* -(b)(ti ~xpericnce with Perlormed sunilar procedure:. 
rodcni decapitation > 30 ~c.ir~. lor rcci:nt Protocolslib)(o} 

Euthanasia by dccap1tat1un He will in\truct l i~led (b)(o) 

c~1 l l.:aguc1, ort this procedure. 
l!Dllbl l•rndlD)\O) I 
hn ve muny ycari of 
e~~eriencc with pcrlu)t0115. Ps:ifona! labonuory cxp1:rience. 

lntracardial perfusions 
fib ) I ha.-. cxpcncnce l(D)< > }111 receive m ining 
Imm when she wns an from th~ approved pers01111el on 
undergraduate. but she will 1hi' protocol 
ob~,.,..,~,i an.-4 i.., .. fr.11necl b\' 
OrsJOJ(<il I · I 

(b)(!:l) ti "\O)(U) 
l'crsonal luborattlfi')' c:..pt::ricncc 

Inhalant anco;lhcsia htl'lt: lllrtny years 0 1 116)(6) !will rc:cci\ol training 
administration e:icperience "'ith lhc from the approved personnel '011 adminstraiton or inhalant 

anc~tht:sia. 
1lwi pro1ocol. 

•All listed investigators hnvc attended the USUl~S 1twc~i igt1tor f rnlning Course: Dr ) on August 17, 200.5. 
!IDJ(6) t om1>lo:1cd ~cvcral onhnt: USUHS lnvc~t1g:1tor rrnlntng Courses 0 1\ o!t:)~:er .!8.

1
2009 and attended the . . . 

Rodent Handling and Pmcedural T echnigues on November 19•, 2009. She is previously :ipproved to perform the 
above procedures underfb}(6) lhas completed the onhne USUHS lnvcstigator rrainlng Course 
on September 9. 2008 and 1hc Rodent I landling nnd Procedural Technique' on September 24. 200'>. She is arpmved 
to perform the above procedures under protocof(b)(6) lorl(6)(61 h imple1ed lht· lnvesligalOr Training 
course on November 19.1004 and the rraming of the CollaborJtivc lns11tu1ionol fraln 111g Initiative (CITI) Program. 
"lnvest1gatori. rntfand Student<; ! Jb Ammot R~~cnrch ."@ Ma~ ht, 20la .!(b)(6) !completed sever.ii 
U U1 IS on line im estigotorrraining courses including. "Workin~ \\ ith tht' IACUC'' (non· VA) on Apri l 23. 2013 and 
the USVHS hn ~st~gator Training Courses on June 6. 20 13J!b)<6T ~ompkted USU HS online training on June 
2m'. 2015 nnd mt ended 1hc USU I IS lnvcs11gatur f r,1illin_;; Course on Ju!y zN1, 2.0 I 5. 

VII. BIOHAZARDS/SAFETY: 
To minimize exposure to animaJ allergens when working \\oi th lab animals. lab personnel will 

wear Ian coats and/or scrubs. gloves and masks. We will always wear lab coats and gloves when 
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we contact toxic chemicals and perform some steps in a fume hood to minimize risk or exposure 
to these teratogens. Potential fumes from fixative are minimized by allo~ing the fixative to be 
constantly washed down the sink drain. 

The Environmental Safety & Occupational Health (EHS) Otlice performed a recent hazard 
assessment of the noise levels produced by the ABS. Before their visit the staff was already 
wearing hearing protection dev·ices. EHS dett:rmined that the hearing protection practices are 
sufficient. As a precaution. they propose to develop a hearing conservation program. where ABS 
operators will receiYe annual hearing tests. 

VIII. ENCLOSURES: 
Literature search results for Sections 11.2 (Searches for unnecessary duplication l are available 
upon request. 

Attachment: Policy 025 (re lated to Section 4A. 7. Other Procedures. ABS Characterization). 
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IX. ASSURANCES: 

As the Prindpal ~nvestigator on this protocol, I ackn:owledge my responsibilities and 
provide assurances for the foUowin,g: 

A, Arnimal Use~ The animals authorized for use in 1this protocol Will be used only in 
the acUviUes and in the manner described herein, unless a modification is specifically 
approved lby the IACUC prior to i1s implementation. 

S. Oupaication of Effort 11 ha'4e made a reasonable, good faith effort to ensure that 
thJs protocol is not an un·neGessary duplication of previous experiments. 

C. Statlstltal Assurance: ~ asgure that I have consulted with an ~ndiividual who is 
Qualified to evatluate t'he ~tatistical design oir strategy of this proposal. and that the 
1'minimum number of arnima'ls needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made ~he iproper 
coordination regarding all applic;able irules and regullations cohcerning radiation 
protection, 1biosafety, recombinant issues, and so forth, in the pr.eparation of this 
protocol.. 

E. Tr(aining: I verify that the personnel pertormin,g the anumal procedures I 
maniJ>ulations I observat~ons described in this protocol are technically competent and 
have been 1properly trained to ensrwre that ho unneoessary pain or distress will be 
caused to the anima~s as .a res!Ult of the [procedures I manipulations. 

F .. Trraining: I verify that I have attended the lJSU'HS Investigator/Animal User 
Training Col!lrse. 

~~) 
Date 

G. Training: The following 1Personnel will attend the ne~t USlJHS 
lnvesHgator/Animat User Training Couirse'. 
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H. ResponsibUity: I acknowledge the inherent moral, ethical and administrative 
obligations assoc1a1ed with the pertormanoe of ttiis ,anirrN1I use protocol. and I assure 
that all individua~s associated with this project will demonstrate a concern for the healtti, 
comfort, welfare. ,and well-bein.g of the rresearch animals. Additionally, I pledge to 
conduct this study in the spirit of 'the fourth "Rr. ttiat the DOD has embraced, namely, 
nRespol\lsifbilrty" for -implementing animal use alternatives where feasible and conducting 
hiJmane and ~awru~ research . 

1·1r-1l' 
. • 

(b)(6) 

Pfi Date 

L PairnflUI Proced1ure(s): 

I am conducting biomedical experiments which may potentially cause more than . 
momentary or slight [pain or distress to ,animals. This potential pain andior distress~ 
or Wll.11.. NOT be relieved wlitfli lhe YSe of anesthetics. analgesics and/or tranquilizers. I 
have considered alltematives to such procedures; however, using the methods and 
sources described i1n the protoco~ . I have determ~ned that alternative procedures are not 
avai~at>~e to aeecmi · nsh tfhe otf ectlves of this propose a experiment 

Prln 
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X. eBOTO_COL ABSTRACT: 

A. An1imal Protoc,ol Number~ .... tb_)<_5> ____ _ 

A1nimal Protocol Title; The impact of blast exposure on mouse daily accivities 

c. PrineipaUnvestigator: l<5x5> I Ph.D. 

D. lPerio_rm_j_oq Organ1i2~l!jln; Uniformed Services University of the Health Sciences 

E. funding: Defense Health Agency. DoD 

F. QblecUve and Appro_ach: 
Tht: goal of this research is to determ.lne the impact of traumatic brain injury (TBI) on mouse 

daily activity-res1 cycles. Previous research hus shown that TBI ~an cause changes in overall 
arousal. agitation and irritahi'1ity, motor activity. and disturbances in sleep..-wake cycles. The 
studies here will <letcrmin!! whether or ntit exposure to a single or repeated ntmus11h~ric 
overpres.sur~ shock wave (similar to the shock wave generated by ihlasts of explosiv.;:s in corn hat 
settings) disrupts "normal"' activity in mice during waking and sleeping hours. 

A series of lYehavior tests will assess mouse pcrfonnanc~ tu evaluate the bt!havioral changes 
from ah t:Xposurc to an overpressure shock wave to gather basic inlbnnalion about the eftccts of 
blu'St cm daily activity rhythms, including motor activity in the home cage. wheel running 
activity, and food and water intake pancms. It is predicted tbat much like in patients suffering 
from TBf these activity patterns will be altered by injury. The dam collected will 1hen be 
summarized using conventional statistical approaches (mean. SiU\ndard deviation. analysis of 
variance, correlation and regression analyses). We will use as few rodents as possible while still 
using enough t<) make vulid conclusions. To Jo this initial research we must use animals since 
cells or tissues do not reflc:ct the natural activity cycles of a llve organism. We hope that this 
basic researcn and use t:">f .anfo~als will aid in understanding some of tbe causes for the long-tcnn 
effects of brain injury upon warfightcrs returning home to their towns. work. and families, and 
that lhi:s research may aHow us to provide heller treatments to help suffering soldit.}rs_ 

G. ~ndexinq Terms 1(Descripto'rs)! Animal. mice. traumatic brain injury. behavioral activity. 
orexin, melanin com.:entrnt1 ng llorrinone 
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AN 11'\'tAL PROTOCOL NUMBER: 

PRINCIPAL lNVE:STlGATOR~,_~b-)(_6) ____ __.I Ph.D. 

ANIMAL PROTC:lCOL_TIIL_E: Targeting thl.! ubiquitin protcasoml.! system to treat spinal 
muscular atroph_ (A/us musculus) 

GRANT T ITLE {if differ ent from above): Targeting the ubiquitin protcasomc system to 
<lcvclop trcntml.!nt for neurological diseases 

USUHS PROJECT NUMBER: 
CO-IN VJl<:STIGATO ll:(S): 

lE-'.HNlCl A N_SJ Sll ..... (b_)(6_l ___ __. 

I. NON~TECHNICAL SYNOPSIS: 
Uouls of .Study; 
I) To treat mice with drugs that arc potential therapeutics for spinal muscle atrophy (SMA ). 
Building on our previous results using trichostatin A, we would like to confirm and e~pand our 
experiments using both trichostaiin A and bortczomib to study the therapeutic potential of these 
drugs. alone and in com bi nation. 
2) To conduct 0ch1Jvioral testing on th~se mice in order to detcnn inc if there arc any 
improvements in motor function after drug treatment. 
3) To interrogate drug mechanisms of action and the role SM ! plays in the development and 
maintenance of motor neuron-; using primary neuron~tl cul ture~ from SMA modi.:I mice. 

11. BACKGROUND; 
II.I . Backe.round: 

The gonl of th.is study is to determine th1: mechanism uf thu discasl! spinal muscular atrophy 
(SMA) and to identify novel thcrap~utics to treut the disease. SMA is :.i disorder that is 
characteri1ed by degeneration of motor neurons of the spinal Cl)rd leading to muscle paralysis 
and atrophy. The disease is caused by mutation of the 'survival of motor neuron' (S.MN) gene 
which leads to dl.!crcascd levels of the SMN protein. The exact function of the SMN gent! is yet 
lo be completely ucterminell. but it is believed to be in volved in RNA processing, Still the 
question r~nwins why reduced levels of the SMN protein ~ffocts only moton1cUr<)ns. In humans 
SJ\;fN [s 1cncodcd by two genes, SMN I and SMN2. SMA is caus~d hy d~letions nnc..I other 
mutations of the SMNl gc:nc. All SMA patients bck a J'unctional copy of SMNI but retain at 
least one ~upy of SMN 2. Rmknb on the othi:r band. ha\'c: on ly ont:- ~upy uf the SMN gene an!l 
inactivation ol' t.hc SMN g..:nl! in mke leads to ve early cell death in mou~ embryos suggesting 
unimportant role of SMN in development. (b)(6) lab at Ohio State University has 
created SMA mice which lack the SMN gene that have been rescued from early death by 
introducing the human SMN2 transgcne l 1 J. These mice serYe as an excellent model systc!m to 
st udy SMA and could he uSt..'tl to test possible thcmpcutics. We will be tr\!ating anim<1 ls with 
drugs that have been proven to incrca'\c both SMN transcript and protein levels in cell culture in 
on.lcr to determine if they will help treat the disease in whole animals and alleviate th1.: severi ty 
of the disease. 
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The purpose or !his study is to SlUU)' the ~nects of increil!iing expressilm or the SM'.'J protein on 
tnmsg:¢nic SMI\ model mice. Genetic. histological. and primary tissue culture stuJ.ics. as wdl as 
treating animals with pot~ntial therapeutic drugs will be performed. 

I. Mouse Model. 
ICb)(6) llab at Ohio State University created an SMA mouse model which lack the srnn 
gen~ but carrie two copies of the human SMN2 transgl!n~. which r~scuc)> lethality I l J. Th~ 
mice (SMN dclta7:StvfN~:Smn-/-) aka Delta 7, survive for I~ days on a,·eragc provid ing a 
therap<.!utic windol.\. At 5 Jays of age. Delta I mice have considerabl~ difficulty righting. 
themselves "'hen placed on their backs. The weakness hccomcs progressively more pronounced 
over the next week of lifo. By I 0 days of age. it is clear thcH SMA mice homozygous for the 
SMNdulta7 and SMN2 transgcnc:> have ctifficuJi umbulatitig and often fall oYcr while walking. 
When they do walk. they disptay an abnormal gait and shakiness (librillation) of the hind limbs. 
Our lab will oo using SMA mice along with unaffected littcnnatcs (wild type and heterozygous 
mice) to study the rolc SM-N pl:iys in the dcvdupment and maintcnun<.:~ of motor neurons. These 
mi'e serve as an excellent model system to study SMA and could be used to test possible 
therapeutics. 

2. Drug Treatments. f'he following pharmaceutical grade drugs ~ompounds will be used in this 
sn1dy: Tri1.:hostatin A (TSA) from Enzo and Bort1:zomib from Mill1:nium Pharmaceuticals. Our 
previous stu<lie~ demonstrated that repeated daily doses ofTSA increased both SMN2-derived 
trunscript and SM protein levels in neural tissues and musde. When TSA was delivered dai ly 
beginning on post--natal day 5. atier the onset of weight loss and motor detidt. 1here was 
improved survi, al. nucnrnucd \.\eight loss. and enhanced motor behaYior. These results indil.:ated 
that HDAC inhibitors activat~ SMN2 gene: expression in vivo and have an ameliornting effect on 
the SMA disease phenotype when st.atted after J iseac;e onsetl1 J. SMN has recently been shown 
to b~ turned over by the proteasome and lreatmc:nt of cells in culture with protcasomc inhibitors 
results in elevated levels of SMN [3. 4). Both drugs (TSA and bortczomib) will be aJministercd 
in combination to detennin~ any synergistic efiecl<i. 

3. Primary neuron cultures. SMA is a motor neuron disease. Primary neurons with low SMN 
levels are the hcst tools to study the underlying mokculur events that lead lo motor neuron d!!ath 
when SMN is d~licient. We will isolme and culture motor neurons from affected. heterozygous 
and wild type cmhi-yos and perform RNA sequencing to idi..:ntify key molecular changes in 
ncun)n:> thut could \cud to cc-ll death. 

U.2. Literature Search for Duplication: 
111.2.1. Literaturt ou rcl'(s) Searched: BRD 
U.2.2. Oate o( Search: June 9. 201 S 
U.2.3. Period of Search: 1998~2015 
IL2.-'. Key Words and Scnch St.-ategy; 
Keywords: Mouse. Spina l muscular arrophy. protein degradation. bortezomib, trichostatin A
Rcsults: 0 hits 
Keywords: Animal. Mouse. SMA or ubiquilination- Resulls: 0 hits 
11.2.S. Results o(Seuch: 
The ORD database includes 12,797 records of pr.:vious research programs. No hits were found 
lhat idcnliti~d the terms with protein de~radation and spinal muscular atrophy. 
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Conclusion: No related hits indicated there is no overlap with previous research programs in the 
DoD. 

11.2.6. Literature Source(s) Searched: FEDRIP 
11.2.7. Date of Search: June 9. 2015 
II.2.8. Period of Search: 1986-2015. 
11.2.9. Kev Words and Search Strategy: 
Animal. Mouse. SMA. protein degradation. bortezomib. trichostatin A. proteasome or 
ubiquitination 
11.2.10. Results of Search: 
The keywords. '"Animal. Mouse. protein degradation. proteasome or ubiquitination:· produced l 
hit. Withjust the keywords. ''SMA and proteasomc:· there were 0 hits. 
Conclusion: Finding no other related hits indicates there is no overlap with previous federally 
sponsored n:search prugrnms. 

11.2.6. Literature Source(s) Searched: Pubmed 
11.2.7. Date of Search: June I. 2015 
11.2.8. Period of Search: 1986-2015. 
11.2.9. Key Words and Search Strategy: 
Animal. Mouse. SMA. protein degradation. bortezomib. trichostatin A. protea.some or 
ubiquitination 
11.2.10. Results of Search: 
The keywords. "Animal. Mouse. protein degradation. proteasome or ubiquitination:· produced 
three hits. With just the keywords. "SMA and proteasome:· there were three hits. All three are 
our previous studies. This proposal builds on our previous work showing that the ubi4uitin 
protea.some system is a potential therapeutic target for treating SMA. 
Conclusion: Finding no other related hits indicates there is no overlap with previous research 
programs. 

111.0B.JECTIVt:\HYPOTHESIS: 
The ohjective of this study is to detennine the mechanism of the disease. spinal muscular atrophy 
( SMAJ. and identify therapeutics that could help trt:al the dbt.:ase. SMA is a disorder lhut is 
characterized by degeneration of motor neurons of the spinal cord leading to muse le paralysis 
and atrophy. We will be treating animals with drugs that have been proven to increase both SMN 
transcript and protein lcvds in cell culture in order tu ddermine if they will hdp treat the disease 
in a whole animal and alleviate the severity of the disease. 

IV. MILITARY RELEVANCE: 
The military relevance of this protm:ol relates to th~ goals of basic. laboratory research to 

develop therapies that prevent or reduce the long term conscqucm:es of spinal muscular atrophy. 
Better understanding of the biological mechanisms of spinal muscular atrophy may lead to more 
effective treatments for our service member families and civilians. 

Y. MATERIALS AND METHODS: 

V.t. Experimental Desie.n and General Procedures: 

Cieneral Approach: The planned experiments have the following goals. 
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In Vivo: 
I) 5 day old ( P5) spinal muscular atrophy ( SMA) model mice and unaffected littcnnates and 
the moms who will he nursing the pups will he lrnnsterred from our breeding protocol. 
2) To treat mice with drugs that are pott:ntial therapeutics to treat SMA. Building on our 
previous results using trichostatin A. we would like to confinn and expand our experiments 
using both trichostatin A and bortezomib to study the therapeutic potential of these drugs. 
alone and in combination. 
3) To conduct behavioral testing on these mice in order to dderminc if there are any 
improvements in motor function after drug treatment. 
In Vitro: 
l) To determine any changes in the survival of motor neuron (SCYJN) gene transcript and 
protein kvd::; from various tissm:s of drug treated mice. 
2) To look histologically at spinal cord and muscle tissues for any cellular improvements 
after drug treatment. 
.3) Pregnant females at E 12 wil 1 also he transferred from the breeding protm:o\ in order to 
isolate motor neurons from embryos for in vitro assays. We will study primary cultures of 
motor neurons from nonnal and SMA mice in order to learn more about the mechanism of 
this motor neuron disease. 

V.1.t. Experiment 1.1: Evaluation of compounds that may alter SMN protein levels in SMA 
mice. 
Experiment 1.1: Drug Treatmt:nts: The drug injections wil I be limited to the histone deactylase 
(llDAC) inhibitor Trichostatin A (TSA) and the proteasome inhibitor bortezomib (Table I). Both 
drugs are solubilized in DMSO. Therefore SMA mice will be treated with DMSO defined as 
··vehicle" treated mice to servi: as our baseline control. Our previous study demonstrated that 
repeated daily doses of TSA causes increases in both SMN2-derived transcript and SMN protein 
levels in neural tissues and muscle. When TSA was delivered daily beginning on post-natal day 
5, after the onset of weight loss and motor deficit. there was improved survival, attenuated 
weight loss. and enhanced motor behavior. These results indicated that HDAC inhibitors activate 
SMN2 gene expression in vivo and have an ameliorating efkct on the SMA disease phenotypt: 
when started alter disease onset. We postulate that we could synergistically improve the disease 
phenotype by treating th1.:s1.: animals with th1.: protcas()me inhibitor bortczomib in combination 
with trichostatin A. SMN has recently been sho\l.n to be turned over b;o the protcasomc and 
treatment of cells in culture with proteasomc inhibitors results in elevated levels of SMN. We 
hypothesize that increasing SMN levels with trichostatin A and inhibiting SMN turnover will 
further improve the disease phenotype. ~oth drugs will be administered by themselves or in 
combination to detcnninc any synergistic effects. Starting at P5 litters and mom will be 
trnnslt:rrcd from breeding protocol and drugs will be administcn:d, duily in the case or 
trichostatin A and every 48 hours for bortezomib, intraperitoneally using a 33 gauge needle 
(Hamilton microliter syringe #705 (20 mm ( 1 in.)): smallest needle a\'ailahlc for the volumes of 
drug to be used). Drugs will be dissolved in 5% DMSO. Vehicle treated animals will be 
administered S1Yi1 DMSO v/v in water. TSA will he dissolved in DMSO to a concentration of 4 
~Lg/µ!. SMA mice and tht!ir WT and heterozygous littermnt~s \Viii receive 10 mg/kg in a volume 
of2.5 µl/g body weight (maximum 35µ!). Mice will be genotyped at PIO to confirm which are 
aflccted by SMA. Unaffoctcd mice \Viii be used as controls. The intrapcritoncal injection would 
allow rapid diffusion and fast onset of the drug. Pups will be observed and weighed daily from 
PS to P20 (20 days). We have performed several published studies using thi.s administration 
regimen with this mouse modd at the designated times l2. 5. 6j. When ench mouse has 
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completed the drug study. (day P20) fluid and food supplements will he supplied as 
recommended by \.elerinarians. The major source of nutrients for pups under study will be 
provided by the female hrccdcr. Based on our experience with these mice we believe that the 
SMA at1ected pups are still able to latch onto the mum and ked. Since untreated mice survive 14 
days on average. the number of days of survival past day 14 will be observed: representing the 
experimental endpoint. Study end-point is sun·ival until mi1.:c arc moribund after which mice will 
he cuthanizcd and tissues colkcted. ~0% loss in body weight is very early in the progression of 
the disease in SMA mouse models. We have found that a 30% Joss in hody weight, calculated 
based on the ma.'Cimum wdghl achieved is a better estimate of moribundity and will allow us to 
better evaluate the ctlicacy of drug treatment. This maximum '"'eight is usually achieved at 
postnatal day 11. If no ability to right after 1 minute OR greater than 30% weight loss (from 
maximum weight). pup will be cuth:rnized (age P5-P21 ). 

Table 1: Experimental Drugs 

Name Concentration Dose & Volume Side-cffccb 

Trichostatin R 10 mg/kg/da~ IP vol. 10-12 Rough hair coat: diarrhea: 
i\ (Range of ul/~ mice lethargy/inactivity 
Vehicle: possihle doses - 20 µI total 
DMSO 0.5-10 vol um~ 

mg/kg/day) 
Starting at PS 
Ending at P20 

Bortezomib •o.15 mg/kg/2 IP vol. 10-12 IJiarrhea; peripheral 
(PS-341) day (Range of ut/g mice neurotoxicity. 
Vehicle: possible doses 
DMSO 0.1-1 mg/kg/2 - 20 µI total 

days) volume 
Staning at PS 
Ending at P20 

Experiment 1.:Z: Starting at postnatal day 5_animals will also bt: used for behavioral testing of 
motor function using the time to right test (for motor coordination and balance). The same cohort 
of animals described in Experiment I. I will undergo behavioral testing here. 
Procedures: /\nimals will he transferred from the animal holding room to the experimental 
room and allowed to habituate to the experimt:ntal room for 60 min. 

Righting time: Righting time will be measured daily staning at PS until study endpoint. Right 
ting time is defined as the better of 2 trials of the time for the pup to turn over to its front atler 
being placed completely on its back (maximum 30 seconds). 

Following each proc~dure mice will be monitored and w~igh~d daily. Tbe Pl will consult with 
L/\M veterinarians on a case by case hasis to dctcm1ine pain and distress in all animals. /\nimals 
deemed to be in distress \vill be treated or euthanizcd by LAM personnel. PI or his staff based on 
designated endpoint criteria outline VA.5 
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Table 2: Experiment 1 

Total 
Pain 

number Injection site Endpoint days 
category 

Injection 
of (number of (number of 

Analy!li!I (number 
ex pc rime expcrimentitl experimental or 

nh•I animal!t) animals) 
animals) 

animals 

Vehicle lntraperitoneal q .is) 
(DMSO) (60) F( 15) -

Bortezomib lntr::ipcritoneal Medical endp1.1int Survival and C(45) 

~-rn 
(60) 

(oullin~ V.-U) behavior E( 15) 

TSA 
I ntrapcritonca I C(45) 

(60) E( 1 S) 
TSA + Intraperitoneal C(45) 

Bortezornib (60) E(lS) 

Approximately 25% or litters will be SMA pups and 75% phcnotypicaily normal mice. We will 
need approximately 15 TS/\. 15 bortczomib. 15 TS/\ + bortezomib and 15 vehicle {OMSO) 
treated SMA mice). All SM/\ mice are category E. All phenotypically normal mice (wild type 
und hcts) arc category C. 

Therefore. total SM/\ mice to be treated = 60 
Total mice to be tn:ated = 4 x 60 = 240 
Total pregnant moms to be used (assuming 6 pups per litter) = 40 

Total number of animals - (240 1-40) = 280 

Flow Outline of Experiments: 

The animals us~d for these experiment arc affected SMA mice. SMN delta7; SMN2:Snm 
-/-.These mice represent only 25 % of each litter: therefore the number of animals required will 
be 4 times the numbt!r of SMA pups. f h:terozygous and wild type mice will serve as controls for 
experiments (Cat~gory C). We use the hctcrozygotes and wild type animals as controls as well as 
any unforeseen adverse events that may occur due to the drugs and not the disease course. 

Flowchart Title: SurviYal and motor function studies in SMA mice treated with 
TSA/Bortezomi b (Experiment I) 

A) Total number of animals= 280 ( 40 litters ¥tilh aycrage litter size of 6 pups + 40 
pregnant moms) 

(Approximately 25% will be SM/\ pups and 75% wild type ond heterozygous mice. We will 
require 15 TSA. I 5 borteznmih. I 5 TSA + bortezomib and 15 vehicle (OMSO) treated SMA 
mice) 
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Litter of pups: 
25% SMA pups (SMN2+/-i-/SMNdeltah/+/mSmn-/-) 
75% normal littcrmatcs (SMN2~/-t-/SMNddta7+/+/mSnm+/- & 
ST'vfN2+/+/SMNddta 7-rt-rtmSmn+.'+ }. 

At postnatal day 5 (1'5). mice will randomly he assigned to receive daily intrapcritoncal 
injc:ctions of vehicle ( DMSO). TSA ( 10 mg/kg) and/or .15 mg/kg hortezomib every other day. 

l 

Pups obscr~cd. v.cighcd. and treated daily from P5 to P20 { 16 days). Ucnotypt.'d 
ut PlO 

l 

Pup is euthanized if moribund as defined by inability to right during a 1 minute 
observation period OR greater than 30% weight loss (from maximum weight 
achieved). 

l 

At P2 l pups will be weighed and wean~ {if appropriate). Treated pups will then he observed 
daily until moribund (approximately 21 days) for evidence of any residual drug toxicity such as 
lethargy. wdghl loss. exhibiting gross neurological deficits (such as inahility to eat or drink. 
continual circling. seizures. etc.) or any other signs of distress or illness. Pup will he euthanizcd 
if moribund as dl!tined by inability to right during a I minute observation period OR greater than 
JO% weight loss (from maximum weight achieved). If pup shows severe respiratory distrcss, it 
will b~ euthanized. 

Experiment 2 
2.1 Biochemical analysis of SMA tissue 
Starting at PS drugs will be administered. daily in the case of trichostatin A and every 48 hours 
for boncwmib. intrapcritoneally until Pl 2 (doses as described in Experiment 1 ). Mice will he 
genotypcd at PlO to confirm aft~cted (SMN delta7 +/+;SMN2+/+;Smn-/-). Pups (SMA. het and 
wild type) will he deeply anesthetized "ith 2-5°;;, isotlurnnc ut P 12. Depth of anesthesia will be 
verified hy pinching all four paws with forceps to make sure that there is no withdrawal reflex. 
Mi~e will then be cuthaniLed by cervical dislm:ation. The brain. spinal cord. li'<·er and hindlimb 
skeletal muscle will be disscct~d and ttukkly froLen. RN/\ and protein "ill be extracted from 
each tissue section oy standard procedures. RNA transcript levcls will be measur~d by 
quantitative RT-t>CR and protein levels will be measured by Western blot. 

Histology of iipimal cords :.ant.I muscle. 
2.2 Hematoxylin-cosin stains will be performed on muscle sections. 
1. Staning at P5 drugs wi ll be administered. daily in the case of trichostatin A and every 48 hours 
for hortczomih. intrapcritoneally (doses as described in Experiment I). Mice will he gcnotyped 
at Pl 0 to confirm atlectcd (SMN delta7 +/+:SMN2+/+:Smn-/-). Pups will he deeply anesthetized 
with 2-5% isotlurane. Depth of anesthesia will be verified hy pinching all four paws with forceps 
to make sure that there is no withdrawal rctlcx. Deeply anestheti1.ed animals will then he 
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transcardially perfused briefly with cold lX PBS. The tibialis anterior muscle and spinal cord 
tissue will ~ dissected out. mounted on wooden blocks. and tlasb frozen in liquid nitrogcn
cooled isopcntanc. 
~. I 0-1.2 um thick transverse muscle sections will be cut und mount~'<l on Supcrfrost slides. and 
air dried. 
3. Sections will be fixed with I 00% ethanol. rinsed with water and stained with hemato.xylin. 
rinsed and stained with eosin. rinsed and dehydrated with ethanol and cleared in xylene before 
mounting in Pcrmount for light microscopy. 

lmmunocytochemistn· will be performed on motor neurons (same mice used in histologv of 
spinal cords sectiun abov~). 
I. After the animals arc cuthanizcd by transcardial perfusion. the spinal cord witt be dissected. 
Ventral roots. lumbar spinal cord and the brain stem will be post-fixed 2-l h in 100% ethanol as 
outlined above. 
2. The brain stem and spinal cord will then be embedded in paraffin. 
3. Serial sections (6 um) will be mounted on glass slides and stained with Nissl's stain. 
4. Ventral roots will be post-fixed in I% osmium tetroxide. rinsed with phsophate buffor and 
dehydrnted. 
5. v~ntrnl roots will then be cmb~ddcd in Spurr resin and O.S um s~ctions will be cut and stained 
with toluidine blue and visualized by light microscopy. 

T111ble J: Experiment 2 

Tob1l 
number Injection site Endpoint days 

Injection 
or (number or (number or 

ex pc rime experimental e1perimental 
ntal animals) animals) 

animals 
Vehicle lntrnp~ritonea I 

(DMSO) (40) 

Bortezomib I ntraperitonea l 
160 (40) I :2 

Trichostatin A 
lntrapcritoncal 

(40) 
TSA + lntraperitoncal 

Bort~zomib (40) 

Litter of pups: 
25% SMA pups (SMN2+/+/SMNJclla7+/ t /mSmn-/-) 
75% nonnul littcnnatcs (SMN2+/+/SMNddta7+/+/mSmn+/- & 
SMN2+/+/SMNJelta 7+/+/mSmn+/+ ). 

Analysis 
Pain 

category 

D(JO) 
E( 10) 

Histology. 0(30) 
E(IO) Riochcmistry ~ -
0(30) 
F,(10) 

0(30) 
E(IO) 

We will need approximately l 0 TSA. I 0 bortczomib. l 0 TSA + bortczomib and 10 vehicle 
(DMSO) treated SMA delta 7 mice) - 5 SMA delta 7 pups per treatment group for 
biochemistry and S for histological analysis. All SMA mice arc category E. All nonnal mic~ 
(wild type and het - SMN2+/+/SMNdelta7+/+/mSmn+/- & SMN2+/+/SMNdelta7+/+/mSmn+/+) 
arc cate~ory D. 
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Total S\1A mice (SMN dclta7 .. / .. :SMN2 .. 1 r :Smn-/-l to~ trea1ed = 40 
Total animals (given that 25% of each litter will be SMA mice) = 4x40 = 160 
Total pregnant moms to tx: used (assuming 6 pups per litter}= 27 

Total animals Ex(Nrimcnt lf2 = 187 

IO:xperimt>nt 2 
To1~l 111umher of animals= J 87 

Flowchitrt Title: Biochemistry and histology studies ih SMA mice treated with 
TSA/Bortezom1i b 
A) Biochcm is cry - SMl1/] 1ranscri pt and S MN protein level detennination following drug 

treaitmcnt 
- 5 TSA. 5 bortc2omib. 5 TSA + bort€Z()li1ib and 5 vehicle (OMSOl treated SMA mice will 
tic usi.:d for these experiments. 
- Animals will be ~uth::lnized. 
- The hrain. spinal cord. liver and hindlimh skeletal muscle "'ill be dissected and quiddy 
froz~n. 

- RNA and protein \l,ilJ he extracted from each tissue section by standard procedures. 
- RNA transcript levels will be measured by quanlilatiw RT-PCR und J')rolein levels will he 
measured by Western hlot. 

B) Hi~l<>logy 
5 TSA. 5 bortczomib. 5 TSA + bortezomib and 5 vehicle (DMSO) treated SMA mice) will he 
used lO determine histopathologh:al (muscle and ncrw) chan!:?CS !Ollowing drug tre?atmenl. 

! 

Animal!i \.Yill he deeply anl!sthcti.lco then trunscurdiully pcrl'u:>~d hriclly will cold PBS. 
i 

The spinal cord and hind Ii mb skclc:tal mu:-;tlt: wi II b1: q ukkly removed and frozen and 
stained. 

The musdc slices will be stained wilh hcmato.xylin-cosin anll immunocytochemistry will h~ 
p\!rlbrmed on spinal cord slices with N i!lsr s slllin. 

Experiment.'.\ 
Prim:i: cultun:s of motor neurons \.\ill be !!.enerarcd 3 ' following protocol from 
Dr. (b)(6) Prcgnani frmulcs will be 
transferred from the breeding protocol at £ 12. anesthetized no later than F 14 using 2-5% 
isollunme. Depth of anesthesia will be verified by pinching all four paws with forceps to make 
sure that therl! is no \\ithdrawul rcfi~x. Deeply an~~thdiL~<l tlllimal:i will then be euthanized by 
cervical dislocation. The ahdomen of the euthanizcd unimal will be !:prayed with 70% ethanol 
prior to pt:rforming a caesari:in di~se-crion and removal of th~ u1crus. The uterus wHI be placed in 
a culture di!lh and the cmhryos removed. Embryos collected from the utenis will he plan•d in a 
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sterile petri dish in cold hasal media and decapitated (Section V4.6). Both neurons and astrocytcs 
will be isolated from sections of th1: CNS for use in primary cultures. For experiment #'J we use 
12 embryos of each genotype. which gives a yield of 80.000-120.000 motor neurons per 
genolyp~. Primary neurons do not survive in culture yery long so this experiment will be 
perfonned once per year. 

Table 4: Experiment 3 

Total 
I 

Genotype number of 
Endpoint 

Analysis 
Pain 

embryos 
days category 

SMN dclta7 
Primary culture +i+:SMN2+1+:Smn c 

+I+ 

SMN delta? 
14-t El4 

+/'":SMN2'1+;Smn Primary culture c .,.,_ 

SMN delta7 Primary culture c . ':SMN2' ':Smn .. 

We will ncc<l approximately 12 wild type embryos (SMN deha7 ' ';SMN2'1·:smn+'+>. 24 
het1:ro7.ygous embryos (SMN dclta7 ·' ... :SMN2·1·:smn '"1") and l~ affoctcd SMN dclla7 embryos 
(SMN delta7 +/+:SMN2+/+;Smn-/-) per year (See calculations below). Pregnant females 
undergoing embryo harvesting would be considered category D. Emhryos will be considered 
category C. 

In order to get 12 affect pups. whkh l:onstitute 25% of each litter. we will nc1.-d (4 x 12) 48 
embryos. 
Awragc litter :size - 6 cmbryos 
Therefore, we will need (48 embryos/6) 8 pregnant females to get enough SMA embryos. 

Total number of embryos - 8 pregnant females x 6 embryos per litter · 48 embryos. 
Total pregnant females required = 8 per year x 3 = 24 
Total 1:mbryos required= 48 per year x 3 = 144 

Total animals and embryos Experiment #3 ;; 168 

F,xperiment 3: Flow outline of experiments 
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Primary cultures of motor neurons 
8 cmhryns per group (per yeur) 

! 

Pregnant moms will be cuthanizcd and 1::14 embryos '"'ill be removed and cuthanized. 
! 

Spinal cords will bl! removed and motor neurons ~ill be cultured 

V.2. Data Analysis: 
For Experiment I. we plan to use sample sizes of 15 animals p~r group in the comparison of 

vehicle or proteasome inhibitor treated mice for survival studies. A sample size of 15 per group 
will have 804!/o power to detect a difference between groups of 1.1 standard deviations between 
groups. based on a two-sample t tcst '"'ith a 5%. l\.\O-sickd signifo.:am:e level. Wahlsten ct al (7) 
indicatl! that efted sizes of around I standard de viation are commonly observed in mouse 
ncurobcha-.. ioral studies. f urth~rmore. in analysis of survival outcomes 15 animals per group 
will have 80% power to detect a 2/3 reduction in death rate based on a log rank test with 5%. 
two-sided significance levd. For Expt. 2. a sample size of 5 per treatment group will have 80% 
power to detect a difference between groups of 2.0 standard deviations between groups. based on 
a two-sample t test with a 5%. two-sided significance level. Experiments 3 is cell culture based 
approaches that will generate motor neuron for in vitro analysis. Animal use prediction for 
experiments 3 is based on our data that indicate we can generate 80.000-120.000 motor neurons 
per genotype from E 14 embryos. These numbers of cells are predicted lo be sufficient Cur the 
desired quantitative qualitative gene expression analysis. 

Statistical Analyses: The SigmaStat 2.m (SPSS) statistical analysis program will be used tn 
compute the arithmetic mean and standard deviation of surgical and treatment groups on each 
test measurement. For most experiments a one-way analysis of variance (ANOV A) will then be 
used to assess whether or not perfonnance on each behavioral test differs between experimental 
groups. For experiments in which individual mice are tested multiple times on the same 
behavioral test. a one-way A.NOV A with repeated measures will be performed. If the J\NOY J\ 
indicales ditkrences. Tukcy· s test will be used to compare individual means. In addition. if the 
data suggest variation between the testing of each cohort of mice. a nested ANOY J\ can he used 
to assess whether or not there arc differences between testing cvcnts on repeated tests. To assess 
some degree of the relationship of performance on tests within an experiment. correlation 
coefficients can be computed for each animal's score on each subtask. 
Survival aud bioch«:mical data will be analyzi:d using the GraphPad Prism software package 
(version 6.05: GraphPa<l Software) and compared statistically with the log-rank test (Kaplan
Meicr survival curws). the two-tailed Student's t test or one-way analysis of variance f(Jllowe<l 
by the Newman- Keu\s multiple comparison post hoc: test. 

V.3. Laboraton· Animals Required and Justification: 

I) AnimHI modds provide the only means to study the mechanism of neurological diseases that 
cannot he accomplished in humans or in cultured cells. 
2) In order to have direct relevance for the human disease, the proposed experiments must lie 
carried out in an animal model of SM/\.. Then: is no known cellular or computer model that 
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recapitulates the human disease. Live animals are also required in order to examine the 
pathology and hiochemistry of the nonnal compared to SMA neuromuscular apparatus. 
3) From our cell culture data. we have disease modifying genes that may he promising targets 
for therapeutics that modulate muscle atrophy and the SMA phenotype and perhaps treat SMA. 
However. they lirst need to be validated in an animal model hcfon~ being presented as an option 
for drug therapy. Although there are other animal models of SMA (drosophila and zebrafish). the 
genetically engineered mouse is the animal model of SMA that hest mimics the human disease 
genetically and pathologically. As the purpose of this protocol is to hettcr understand the 
pathophysiology of the human disease. these studies must be done in the mouse animal model. 

V.3.1. Non-animal Alternatives Considered: 
1) Animal models provide the only means to study the mechanism or a neurological disease that 
cannot be accomplished in humans or in tissue culture. 
1) Animal models are also the next step for testing drugs that have hcen shoM1 to work in tissue 
culture to treat a disease, hut need further testing to vcri(v the effectiveness of the drugs prior to 
trials in humans. 
In order to have direct relevance for the human disease, the proposed experiments must he 
carried out in an animal model of SMA. There is no known cdlular or computer modd that 
recapitulates the human disease. Live animals arc also required in order to examine the 
pathology and biochemistry of the nonnal compared to SMA neuromuscular apparatus. 

V.3.2. Animal Model and Species Justification: 
Although there arc other animal models of SMA (drosophila and zebrafish). the genetically 
engineered mouse is the animal model of SMA that hest mimics the human di sense genetically 
and pathotogicall~. /\s the purpose of this protocol is to heller understand the pathophysiology of 
the human disease. these studies must be done in the mouse animal model. The SMN 
delta7+/+:SMN~+/+:Smn-/- (developed by Arthur Burghcs at OSU) lack lhe endogenous mouse 
Smn gene but express two copies of the human SMN2 transgene. The retention of the SMN.2 
gene is the genetic circumstance relevant to humans. Phenotypically_ they closely mimic the 
severe human discasc phenotype. The SMN dclta7+1~:SMN1~'+:Smn_1_ mice. weight loss and 
weakness begins at approximately P5 and progressive weakness continues until death at 
approximately Pl4 .. The major source of nutrients for pups under study will be provided by the 
fomale hreedcr. Based on our experience with these mice we hclicve that the SMA affected pups 
are still able to latch onto the mom and focd. Death likely occurs due to respiratory failure 
secondary to severe muscle weakness. just as in the human disease. 

M11s musculus is chosen as a suitabk spedcs for this research. This is hased upon the previous 
use ur this spct..:ics in innumerahlc hiomedicul studies and their suitability for understanding 
central nervous system functions in normal and pathological states in humans and in other 
animals. The mouse is used for these studies because of their well-understood anatomy and 
endocrine responses. and the very extensive database of prior physiological research that can be 
integrated with this new information. It is nt:cessary to use mice instead of a .. lower species .. 
since the research results should be directly associated with intense efforts in other lahoratories 
throughout the world to try and further our understanding and eventual treatment effectiveness 
for neurologkal disorders. Mice arc a commonly used small animal model for the study of 
ncurobiological genetics research, including the impact of physical injury and environmental 
stress upon neuron connedivity, ~xpcricntial effects on synaptic plasticity. signal transduction, 
and for assessing treatments to reduce neurological damage and improve quality nf li IC. 
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V.3.3. Laboratorv Animals 

V.3.3.I. Genus & Species: 

V.3.3.2. Strain/Stock: 

V.3.3.3. Sou rce/Ventlor: 

V.3.3.-'. Age: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. Sueci11I Considerations: 

V.3.-'. Number or Animals 
Required 

ANIMALS 

Experiment 1 
Experiment 2 
Experiment 3 
Total number 

Strain #1 
Jlus mu.H.:u/U.\' 

FVB/ SMN delta7+/+;SMN2+/+;Smn+/-

In hou:>c breeding protocol 

P5 pups. moms (Expt. l and 2) and pregnant 
!Cmalcs ( Expt. 3) 

2-14 grams pups; 25-35 grams post-parturient 
and pregnant fomales 

Equal numbers of males and f~males pups + 
91 pregnant/nursing females 

Nursing moth~rs transferred with litters for 
experiments 1 and 2. At study endpoint, 

mothers will be transferred back to breeding 
protocol. Exp. 3 moms euthanizcd and pups 

used at El 2 

633 (542-.- 91 pregnant/nursing fomales 
transferred from breeding protocol) 

Total Number 

TOTAL 
280 
187 
168 
635 

V .3.5. Refinement, Reduction, Replacement (3 Rs): 

V .3.5.1. Refinement: 
Mice will be acclimated to investigator handling before any procedures lo relieve distress from the 
potential combination of handling distress. :surgkal procedur~s an<l bdrnvioral testing. Also. mice 
will be anesthetized prior to euthanasia by cervical dislocation. 

V.3.5.2. Reduction: 
We arc attempting to pcrfonn a series of measurements ofhiological functions and mouse behavior 
that requires making as.suram:c:s that there is sufficient number of animals to derive valid measures 
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of statistical data. Power calculations have been performed to determine the minimum number of 
animals needed to reach statistical signiticunce. Oata derived from this protocol will he availahle to 
other investigators via peer-reviewed scientific puhlications. 

V.3.5.3. Replacement: 
We are using a rodent model (mouse) \'ersus a nonhuman primatt: mo<lcl. The mouse mo<ld is the 
least sentient and derived animal model we could use for this stu<ly an<l still obtain acceptable 
results. Biological response to central nervous system injury and experimental treatments is highly 
complex: no alternative to in i·iro experimentation is available or practical. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

VA.I.I. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 635 

VA.1.l.1.1. Column B: 67 (pregnant and nursing fomales Expts. 1 and:!) 

V.4.1.1.1.2. Column C: 324 (Expts. 1and3) 

V.4.1.1.1.3. Column D: 120 control mice (Expt.2) and 24 (pregnant femaks from Expt. 3) 

V.4.1.1.1.4. Column E: 100 (Expt-;. 1 and 2) 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesia/ Analgesiaffranquilization: Inhalation anesthetics will be used 
immediately prior to cardiac perfusion-fixation and cervical dislocution (experiment #2). For 
inhalation anesthetic. oxygen will he mixed with isotlurane delivered via precision vaporizer 
using a rodent anesthesia mat:hin~. Mke will be placed in an induction chamber and exposed lo 

a mixture of 02 and isofluranc (2-5%) to induce general anesthesia. following induction. mice 
will be removed from the chamher and maintained on 0.25-3% isofluranc administered hy 
nosecone during procedures. We will monitor the depth of anesthesia by noting response to toe 
pinch (pedal withdrawal rctkx) and rate and quality of respirations. Waste anesthetic gases will 
he passively scavenged using a charcoal canister. Anesthetics will be administered either by the 
Pl or his staff. 

Experiment #J: For embryo collection: Pregnant females will be anesthetized no later than E 14 
using 2-5% isot1urane. Depth of anesthesia will be verified by pinching all four paws with 
forceps to make sure that there is no withdrawal reflex. Deeply anesthetized animals will then be 
euthanized by cervical dislocation. The abdomen of the cuthanizcd animal will be sprayed with 
70% ethanol prior to performing a caesarian dissection and removal of the uterus and collection 
of embryos. 

Experiment #'1.: For biochemi~al analysis: On the <lay of euthanasia. mice will be exposed to a 
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mixture of 02 and isollurane (:2-5%) to induce geneml anesthesia prior to cardiac perfusion or 
cervical dislocation. 

Experiment #2: Histo\ogv of spinal cords and muscle. Hematoxylin-eosin stains will be 
performed on muscle sections. Mice will be deeply anesthctizeu with 2-5% isoflurane. Depth of 
anesthesia will be verified by pinching all four paws with forceps to make sure that there is no 
withdrawal reflex. Deeply anesthetized animals will then be transcardially perfused hricfly with 
cold IX PBS. The muscle and spinal cord tissue will be dissected out. mounted on woodi!n 
blocks. and tlash frozen in liquid nitrogen-cooled isopentane. 

The PI will consult with DLAM veterinarians on a case by case basis to determine pain and distress 
in all animals. Animals deemed to be in distress will be treateu or euthanized by LAM personnel. Pl 
or his statl 

V.4.1.2.2. Pre- and Po8t-procedural (not surgen') Provisions: N/ A 

V.4.l.2.3. Paralytics: NIA 

V.4.1.3. Literature Search for Alternatins to Painful or Distressful Procedures: 

V.4.l.3.1. Sources Searched: PubMed 
V.4.1.3.2. Date of Search: June 9. 2015 
V..t.t.3.3. Period of Search: 1986-2015. 
V.4.1.3.4. Kev Words of Search: SMA. Spinal Muscular Atrophy. pain, distress. mouse 
V.4.1.3.5. Results of Search: A total of 13 rclerences were identified with this search. Non~ of 
the searches were relevant to alternative methods for investigations of SMA in mice. 

V.4.1.3.6. Sources Searched: Agricola 
V.4.1.3.7. Date of Search: June 9. 2015 
V.4.1.3.8. Period of Search: No date limits. 
V.4.1.3.9. Key Words of Search: SMA. Spinal Muscular Atrophy. pain, distress. mouse 
V.4.1.3.10.Results of Search: Twenty-five references were returned by this search. but none of 
the hits were relevant. 
V.4.1.3.11.Sourccs Searched: AL TBIB 
V.4.1.3.12.Date of Search: June 9. 2015 
V.4.1.3.13.Period of Search: Any year up to 2000 
V..t.1.3.14.Kcy Words of Search: SMA. Spinal Muscular Atrophy, pain, Jistrcss. moust: 
V.4.1.3.15.Results of Search: No hits 

V.4.1.3.16 Literature Sourcc(s) Searched: PubMed 
V.4.1.3.17 Date of Search: June I. 2015 
V.4.1.3.18 Period of Search: Presently. >21 J million references: 1949-20 I 5. 
V..t.1.3.19.Key Words and Search Strategy: Cardiac perfusion and mice and pain alternative 
V.4.l.3.20 Re~ults of Search: 
No published artides provide a painless procedure for cardiac perfusion. 
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V.4. 1.~ . lln1tllevh1ted Puinfu l or Distressful Procedure Justification: SMA is a severe 
motor neuron disease affecting young humans nnd mice thal couscs prcmatur~ c.lcath tx.."Cuus1.:. of 
muscle weakn~:s:s and r.:spiratory fai lure. There is currently no treatment for this disease in 
human!\ or mice and consequently no means by wt>ich to rdh~rthe distrL'Ss exrcrienceJ by SM/\ 
mice as pan of the natural history of their disease. The aim of our study is to improve survi\'al 
{hopdully thereby minimizing distress in these mice) using treatment with TS.'\ iilld bortezomib. 

Survival is the outcom~ measme used in human clinical trials oflherapeutic agents. In this 
mouse study in order to minimiJe Jistress we will detine survival as an endpoint before deatlh 
(hut representing int!vitahlc death) and pups ""ill be euthani7ed when they reach th is cn<.lpoint. In 
our ex(Jl:!rience tht: combined features of sever~ motor dysfunction and weight loss i mJicate an 
im:vcrsiblc conJition that inevitably leads to Jc~uh. We \Viii make all efforts to minimize 
distress t>y cuthanizing unimals once they reach th~se emJpoints 

V .~.2. J>rofonucd Rc~tn1int: NI A 

VA.3. Sure,erv: Primary cultures of motor neurons (Ex.pt. 3) .,..,ill be generated according to the 
folloY.1ng protocol from Dd (b)(6) !Pregnant fomales will be transferred from the 
breeding protocol at El2, anesthetized no lafor than El4 using 2~5% isolluram:. Depth of 
anesthesia will be verified by pinching all follr paws with fom~ps to mnk.c sure that there is no 
withdrawal retkx. D(eply an~stherized animals \ltill then be euthani:£e<l by ccrvi\;al dislocation. 
The abdomen Mthe cuthani7cd animal will lie sprayed \\Tith 70% ethanol prior to perfoml ing a 
caesarian dissection und removal of th~ uterus. The uterus will be pl:lcc<.l in a culture dish and the 
embryos removed. Embl')'OS collected from the uterus will be pl:.iccd in a steri le petri dish in cold 
h~I media and decapitated. 

VA.3.1. Prt'-surgical Provisions: NIA 

\' A.3.2. Procedure: NI A 

V A.3.3. Post-sureicaJ Provisioos: NI A 

V.4.]A. Locntion: Housing in LAM, behavioral testing i~(b)(6) hoc:ited in the Prc-Clinical 
StuJi<::s Core. 

V.4.3.S. SurJ,?,c·on: NIA 

V.4.3.6. Mulrif!lc Maiot Survival Opcr-11tivc Procedures: 

V.4.3.6.L Proccdurl's: NIA 

VA.3.6.2. Sdentiific Justification: NIA 

Y.4.4. Anima~ Manipulations: 

V.4.4.1. lnj~ciions: 

Mice \\ill receive intmperitonetil injections of A) either 0. 15 mg/kg of Bortezomib or H) lO 
mg/kg TSA. C) veh ic le (5% DMS() solution) or D ) hoth TS/\ (I 0 ml:lkg) 1 Rorte:tomih (0.15 
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mg/kg). TSA will be dissolved in 5% DMSO to a concentration of 4 µg/µl. SMA mice and their 
wild typl! and heterozygous Jittcnnates will receive 10 mg/kg inn volume of2.5 µl /g body 
weight (maximum volume: 35 µl) using a 33-gaugc needlt: (Hamilton mkroliter syringe #705 
(20 mm ( l in.): smallest ncl!dk availabk for the volumes of drug to be used). Control animals 
received t:qual volumes of vehicle alone. Bortezomib is FDA approved for treating multiple 
myeoloma and is available in phannaceutical grade. Phanna~eutkal grade TSA is obtained from 
Enzo Phannaccuticals. 

V . .i.4.2. Biosamples: 

Tail snips (-5 mm) in leng:lh will be removed from the distal tip of tht: tail using shWl'cned 
scissors deaned with ethanol immediately prior to use for each animal. The tail sample will be 
transferred into a microcentrifuge tube or 96 well plate for subsequent analysis by PCR. 
Hemostasis will be ensured following thi: procedure by applying gauze with gentle tingcr 
pressure to the distal tail. Samples wi 11 be taken at postnatal day ID ( Expt. l. '.! and 1) and 
animals of the appropriate genotype that will be used for breeding (heterozygotes) will be 
marked with a unique identifying e:.ir tag. 

Following treatment ( Expt.2 ). the mice will be euthanized and brain tissue will used for 
assessment of levels of protein ubiquitination. for protein expression of ubiquitination-related 
enzymes. as well as for a series of biomarkcrs conventionally used in the lab to evaluate motor 
neuron disease. For these needs. unimuls me cuthanizcd by individuals on this protocol. and the 
brain is removed from the calvarium to obtain samples of the cerebral cortex (fronto-occipital 
region and entorhinal region). hippocampus, diencephalon. and brain stem. Samples arc stored in 
fa1uid nitrogen bdore pn:paration for western bloning or for measuring mRNAs. 

Transcardial perfusion for immunohi.\·tol'hemistry bio.mmples (Exp!. 2). In addition. some of the 
mice will he used for immunohistochcmistry. Following anesthesia per Section V.4.1.2.1. we 
will ensure mice are deeply anesthetized and unresponsive to paw pinch. A midline thoraeotomy 
is made to expose the heart. and a 20-22 gauge blunt tip needle co1m~cted to a tube (Y, in ID and 
1/16 in wall) is inserted into the left ventricle through the apex. and the right atrium is incised. 
Aller an initial washout wilh 30-500 mt of cold I UO mM phosphate buftered saline (PBS). 
transcardial perfusion -with l 00-250 ml cold 4% parafonnaldchyde in PBS will be delivered 
through a manual gravity perfusion system until adequate perfusion reached. The brain will then 
be removed from the calvarium and post-li.xed hcforc tissue sectioning for immunohistochcmical 
staining (cf.. V.4.4.2. Riosamples). 

V.4.-1.3. Adjunnts: NIA 

VA.4.-1. Monoclonal Antibody (MAbs) Production: N/A 

V . .i...t.5. Animal Identification: 
All animals will he identified with cage cards. 

V.4.4.6. Behavioral Studies: 
Mice (Experiment I) will be evaluated on the follo'h.fog tests daily starting at P5: 
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1. Righting time: De lined as the best of 2 trials of Lhe Li me for the pup to tum over to its front 
utter bc:i11g plac1.'d completel~ on its bai.;k (ma'Xirnum JO seconds). 

V .-IA. 7. Other Procedures: Deeply anesthetized mice "'ill tx: lixt!d by lranscardiul perfusion 
{Expt. 2) as outlined in V.4.-1.2. 

V..4A.8. Tissut Shating: 
Excess mouse tissue will be made available to other investigators in our l)r other labs, 

V...S.5. Stu()y F.nc.Jpoint: 
Study t:nd~poinc is survival until the age required for research sampling (appro.ximately 14 <lays 
for untn:ateJ mice) alter whidt mice will be cuthuni1.t:J :.ind tissues collcdcd. :?.0% loss in body 
weight is very early in th~ progression of the disease in SM/\ m01.1se mlxlels. We have found that 
a 30% loss in bo<ly weight is a better estimme ol' moribundity and will allow us to lb~tter evaluate 
dtl.' etlicacy of drug creaimcnt. Srudy end-point for treateJ mice: if no ability [O right attl!r 1 
minute OR grc::ater than 30%1 weight loss (from maximum weight). rup will be euthani2~d (ag~ 
PS-P~ I J. 

Any mouse observed to be kthargic. losing \vcight. exhibiting gross nl!urologkal ddidts (su~h 
as inability Lu cat ur drink. continual cirdin~. sd/.Ure~. etc.) or any other signs ()f distress or 
~ llness will be evaluated by the Pl and/or veterinary staff then euthanizcJ as previously 
d(!SCribcd. 
VA.6. Euthan11!1i11: 
l:.ulhona~ia \\.i i 1 be performed in accordance with the guidelines of the "".?O 13 Report of the 
A VMA Panel on Euthanasia." Methods of euthanasia on this protocol include cervical 
dislocation and perfusion. Mice are aneSthetized bdbre these procedures. Euthan:.isia will be 
performed hy the Pl or the staff in the CNRM Pre-Clinical Studies Core. 

Perfusion ( l:xpt. 2): Following anesrhesia per Section V.4.1.2. L we will ensure mice are <foeply 
ancsthctize<l and unn."Sponsivc to paw pinch. A midli11e thur...u.:utomy is mad~ tu expose the heart, 
and a 20-22 gauge blunt tip needle connected too tube (V.. in ID and 1/16 in wall) is inserted into 
the kll ventricll! through the apex. and the right atrium is i nciscd. Aller an initial washout with 
30-500 ml of cold 100 mM phosphate buffered saline (PBS). transcartlial p~rfusion with 100-250 
ml cold 4% paruformalJehyde in PBS will b1: Jdi v~n.:J through a rnunwl gravity piJrrusion 
systt:m until adequate perfusion reached. The brai11 will th~n be rcmovi:d from lhi: calvutium and 
post-fixed b~fore tissue st-ctioning for immunohi:.itochemicnl staining (cf .. V.4.4.2. Biosamplcs). 

Ctrv ital dislocation (l::xpt.2): Followil1g anesthesia pl.!'r Section V.4. t .2.1 , we will ensure mice 
are deeply anesthetized and untt-sponsive to paw pinch. Cervical dislocation will be performed 
by plocing a large hemostat behind the hasc of the ancsthcti1cJ mouse's skull anti pulling hack 
sharply on the tail. Following dislocation mk4;! v.'ill be examined to conlirm respiratory arrest and 
the lack or a heanhcat. This method of cuthanizing treated mice mice is preferred OVl!f C'02 
given the variabi lity in time lO die of neonatal mice following C02 exposure und the requirement 
to harvest tissue for biochemical analysis immediately after cuthanizing mice [8). 

c 1rnns ern.: . 
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thnn l::.14 using 2-5% isotluran..:. DepLh of an~sthesia will be verified by pinching all four pav.s 
with forceps to make sure that th~re is no withdra"-al r~tlcx . Deeply anesthetized animals ""ill 
then be euthanized by cervical dislocation. Tht.! abdomen of the cuthanized animal ...,;11 be 
spra)c<l with 70% ethanol prior to performing a caesarian dissection and removal of the utcru!>. 
The utt:rus will be placed in a culture dish and the embryos removed. Embryos collcclcd from 
the uterus will be placcJ in a sterile petri Jish in cold basal media. Ench embryo "'ill be 
<kcapitatt.!d at the int'r.lcranial notch just ~low tht.! rose or skull using tine-tip forceps or small 
curved scissors with the aid of a dissection microscope. 

In the event that LJ\M personnel must euthani7.c an animal for humane reasons. cylindc:rizt:d 
l:urbuu Jiu,...iJt: v.ill lx u:,cJ in Lhc LAM nci.:ropsy room. Using a ckan cuge, curbon dioxide will 
be administered at 3 rote to replace great~r than 20% of the ~age volurnc per minute. Once the 
mice have not mo1;al or brcathe<l for at least one minute they will be removcJ from the chamber . 
.Euthanasia may be cnsurc<l by cervical dislocation or opening of the: thorax. 

V.5. Vetcrin11ry Core: 

V.5.1. llushandni Considerations: Routine animal husbandry \!r ill be proviJt.>d in accor<lanr.:e 
with LAM I lusbundry SOPs for each spcdes in this protocol (5 mkc pc:r cage). 

V.5. l.l . Stud} Room: 
Ruilding(s) l """(b..,..)("""e),___ ____ __,.I Room Numbcr(s ) 

Huilding(s) Room Numbtr(s) 
Building.(s) Room Numbcr(s) 

V.5.1.2. Special llusbandn· Provisions: 

Food Restriction: Yes No x 

Fluid Restriction: Yes No x 

V.5.1.3. Exceptions: None. 

V.5.2. Veterin:u-y Medical C are: 

V.5.2. t. Routine Veterinary Medical Care: 
The Pl or rcscurch st~1ff will observe the mice t-.vicc duily following all experimental procedures. 
LAM p~rsonnel will observe the mice at least once a day fo r gcncrul health and husban<lr:
condition. An)' mouse uhservcJ lo be lethargic, losing weight. exhibiting gross neurological 
ddicits (!)uch as inabil ity to cm or Jrink. continual cin.:ling.. seizur~s. etc.) or any other sign' of 
distress or illness ,~;11 be evaluated by the Pl an<l/or veterinary s1aff then cuthanizcd as 
previously described. 

V.5.2.2. Emergenc, · Veter ina rv Medical Care: 
/\II emergency. weekend. and holida) care is pr°' idcd by h\O anim<1l husbandry technicians. one 
or more veterinary technicians. and an on-call veterinarian. Essential husbandr~ procedures and 
health rounds arc con<lucted by L/\M personnel once daily during \\eek.end and holida)s. ln the 
~ase of un emergency health problem. i f the responsible p!!rson (e.g. Pl) is not n\:1ilahlc or if the 
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investigator and veterinary staff cannoc reach consensus on treatment. the veterinarian has the 
authority to treat the animal. remove it from chc experiment. instituh: appropriate measures to 
relieve severe pain or distress. or perform euthanasia if necessary. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strateg1: Exct:pt as indicated hdow. all animals on this protocol will 
be provided with routine environmental eruichment in accordance with LAM SOPs and IACl 'C' 
Policies. Examples include ncstlcts and tunnds for rodents; balls. toys and food cnriduncnt 
treats for large animal species. t\nim::ils are grouped-housed. Standard ncstkts. tunnels. or toys 
pro,,.id1:d hy LAM will be provided in each home cage. 

V.5.3.2. Enrichment Restrictionl'i: None. 
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VI.ST DY PERSONNEL QllALlf'ICATIONS ANO TRAINING; 
STUDY PFRSONNl·.I. QlJAI ll·IC/\ rlONSfl'RJ\INJNfi I Qualilications or Specific training in 
Protocol act i\ ity or person perfonning this acti vity or 
pr~<:<fun: (C.1!, .• lllil acthity (e.g .. research procedure (e.g .. 
vein injections. Name of person technician. 2 yrs rodent handling class. 
euthanasia) f')Crfom1in~ acti'-itv e'ncricncc) 1999) 
Perfusion-ti xation. b)(6) Over I 0 years USU LAM 
intraperitoneal experience i.a.ith Investigator/animal 
injection. c-scction. mouse b~havior handler trJining class 
anesthesia. studil!s. IP injections. February 4. 2014. 
euthanasia. r>crfusion-tixntion. Animal h11ndling and 

euthanasia , mouse surgery training at thl! 
surgeries including NII I (2006). 
hvstcrcc"tomy. 

Perfusion-lixution. Lab technician with USUHS LAM 
i ntrnpcritont?al O\:er 3 years Investigator/animal 
inject ion. euthanasia. experience \.\'ilh IP handler training class 

i njcctiorei. perfusion- Augus1 24. 2013. 
fixation. cuthanasiu 

VI I. BIOHAZARDS/SAFETY: 
To minimi7e exposure to animal Rllergens when working'" ith lab animals. lah personnel will 
wear lab coats and/or scrubs. glovl!S and masks. Potential fumes from thati ve are minimized by 
allowing the fixative to be constantly "'-ashed do\\1l the sink drain. l his procedure ""ill be carried 
out in a chemical fume hood. 

VIII. ENCLOSURES: 
Literature sl!arch results for Sections 11.2 (Searches for unnecessary duplication) are nvnilahle 
upon request. 

Citl!d Rcfonmccs 

1. Le, T. T., et a I., S MN Delta 7, the major product of the centromeric survival motor 
neuron (SMN2) gene, extends survival in mice with spinal muscular atrophy and 
associates with full-length SMN. Hum Mol Genet, 2005. 14(6): p. 845-57. 

2. Avila. A.M., et al .. Trichostatin A increases SMN expression and survival in a 
mouse model of spinal muscular atrophy. J Clin Invest, 2007. 117(3): p. 659-71 . 

3. Burnett. B.G , et al., Regulation of SMN Profe;n Stability. Mol Cell Biol, 2009. 
29(5): p.1 107-1 115. 

4. Kwon, D.Y. , et al .. The E3 ub1quitin figase mind bomb 1 ubiquitinates and 
promotes the degradation of suNival of motor neuron protein. Mal Biol Cell. 
2013. 24(12): p. 1863-71 . 
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5. Kwon, D.Y., et al., Increasing expression and decreasing degradation of SMN 
ameliorate the spinal muscular atrophy phenotype in mice. Hum Mol Genet, 
2011. 20(18): p. 3667-77. 

6. Narver, H.L .. et al., Sustained improvement of spinal muscular atrophy mice 
treated with tn'chostatin A plus nutn'tion. Ann Neural, 2008. 64(4): p. 465-70. 

7. Wahlsten, D., Planning genetic expen·ments: Power and sample size, in 
Neurobehavioral Genetics: Methods and Applications, B.C. Jones and P. 
Mormede, Editors. 1999, CRC Press: Boca Raton. 

8. Pritchett, K., et al., Euthanasia of neonatal mice with carbon dioxide. Comp Med, 
2005. 55(3): p. 275-81. 
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IX. ASSUllAN<.;t;S.: 

As the Princiral Investigator on this protocol. I acknowk><lgc my responsibilities and pro,·idc 
ussurancc~ for the follo\\ ing: 

A. Animal Use: rhc animals authorized for use in this protocol \'viii be used only in the 
activities and in the mwmcr described herein. unless a modilication is specifically approved by 

the IJ\CUC prior to its implcmt:ntation. 

B. Ou1>lic;ation of Effort: I haw made a rcasonoblc. good foith effort to ensure that this 
protocol is nut un unnecessary <lupli\.:ulion of previous ~.xpcrimcnts. 

C. Shatistical Assurance: I assure that I have consulted with an individual who is qualified 
to evaluate the statistical design or strategy of this proposal. und that the "mfr1imum 1\umbcr of 
uni1mds needed for scientific validity at·c u:;e<l." 

I}. Bie>lh1tza rd\S:.fcty: I have tuk~n into consiJcratio n and made thl! proper coordination 
regarding all applicable rules ~md regulations concerning radiation protection, biosafety. 
n:comhinant issues. and so l'orth . . in the prcpuratio11 of this pr<Hotol. 

E. 'lf rninin~: I verify that the personnel ix:rforming the animal pro\:cdurns I manipulations I 
observations dcsc rihcd in this protocol are technicall y competent and have been properly trained 
to ensure that no unnecessary pain or distress wi ll be caused to the animals as a result of {he 
pr«Xedure~ I manipulations. 

F. Training: I verif~ tbat I have auended the USU HS Investigator/Animal User Training 
Course. r--)(6_) _____ __ 

fO- 1). · I{ 
Principal lnvcstigntor Signature Dute 

G. Training: The following personnel will illlcnd the next USUI IS Investigator/ Animal 
User lruining Course: 

11 . Responsibility: I uckmrn. ledge the inherent moral. dhieul and udministmti\c obligations 
associated with the pcrformnncc of this animal lLsc proto,ol. and I assure that c.111 individual~ 

associated with this project will demonstrate a concern fo r the henlth. comfort , welfare, and well
being of the research animals. Additionally. I pledge" to condut:l this study in the spirit of the 
fourth "R" that the DOD b"s c:mbract:d. namely. "Responsibility" for implementing animal use 
alternatives where feasible anJ conJucting humam: amJ lawful rcscar~h. 

l(bH6) I 
. . 10-11.>·Jp-' 

J>rinci pal Investigator Signature 
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I. Paififul Proccdure(s): 

I am conducting hiomedical experiments which may potent ially cause more than momentary 
or sl ight puin or distress to animals. This potential pain anJ/or distrcs:.·@!!J)ot WILL NOT be 
relieved "'ith the use of anestht:th:s. analgi:sks and/or tram1uilizers. I have considered 
altcrnati\CS to such procedures: however, using the method~ and sources <le!>cribc<l in thi.: 
protocol. I ha'c dctcrmint.:d 1ha1 al ternative procedures arc not avai lahlc to accomplish the 
objectives of this proposed experiment 

J'.b)(6) 
. I o · I~ l ) 

Principal Investigator Signature Dute 
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X. PROTOCOL A HSTRAC.T: 

A. Animal Protocol Number:..,l<b_X_6_) _____ _ 

B. Animal Protocol Title: Targeting the ubiquitin protcasomc S)'Stcm to treat spiru.il 
muscular atrophy ( \/1L!i muscul ;.;;11·""'">...,.. ______ ..., 

C. Principal lnvcstiln1todCb)(S) I Ph.D. 

D. Performing Organization: Unifonncd Ser.ices University of the I lcalth 'cicnces 

E. f unJin;:,: USUHS Intrnmurul fum.l::; 

F. Objective 11nd Appro:.teh : 
The goal ot the work is to improve treatments for nt=urodegenerative dis~ases by studying 

thl! rok of the uhiquitin-proteasomc pathway in the brain. To approach thi s probkm "-C will use 
laboratory mice. We will test if inhibiting the proteasome <!rugs cuu increase thi.: stability of 
proteim aitical to neuronal survi\'al and protect against the etlects of neurodcgcncrntion. ln 
<iddition. we will determine if the ubiquitin pmtea'\ome system is affec.:tetl hy toxic insulL-. to thl.! 
brain. This is an important step for establishing whether or not ubiquitin-dcpendcnt degmd:ition 
has a critkal role in ncurodcgcneration. and whetht!r changes in ubiquitination activ ities in the 
brnin can re<lul'e central nervous S}'Slem injury and eventually be use<l to help patients v.ith 
neurodc:generat ion . 

The duta collected wi ll be summarized using conventional stati stical approaches {mean. 
standard deviation. analysis of variance, correlation and regression analyses). We will use as few 
mice a.o; JX>SSiblc while till using enough to make \ali<l c.:onclusions. 1 o do this initial research 
we mu~t use animals since cells or tissues will not reflect the actual biology and behavioral 
rcspons~s of a live organism. We bopc that this basic research and use of animals \.\ill aid in 
understanding some of the causes for the long-tenn effects brain injury has upon the ""ar lighter 
returning home lo their town. work. and families. and that this research may allo"v us to provide 
better treatments to help suffering soldiers. 

G. lnJex ing Term!! (Descriotors): Animal. mice. spinal muscular atrophy. uhiquitination. 
protl!in ubiquitination. ochavioral testing, anatomy 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
001 JONES BRIDGE ROAO 

BETHESDA, MARYLAND 20t1• ··'7 12 
www uaut'tf. M •I 

June 14. '.!016 

MEMORANDUM FOR DR.f.~6),.,..(6,,...,) ,_ ____ ____,PEPARTMENT OF ANATOMY. 
Pl IYSIOLOGY. AND GENETICS 

SUBJECT: lt\CUC Appm,·al or Protrn.:ol - 1.nitiul Re\ it:w 

The following application was reviewed and approved ny the l J11ifo1111cd Services 
Unive::rsi1y of the Health Sdences (lJSUllS) lnstitutiomil Animal Care an<l Use Commillee 
(11\CUC) hy Dcsignntcd Mcmocr Review on Jt1111.~ 14. :!OE6: 

A11ima1J Protocol Titk: '·Acetate Suppkml.'ntation U:sing <..ilyccryl ·1 riucctutc as an t\Jjunc;t 
Therapy for Hl!rnorrhagic Sh(1ck and Injury in Mice (Mus musculusf 

t ISi JI I ~ Pri'!QC<'[ Nwnher: l._16_)(6_) ___ __, 

Expiration Date: June 13. ~019 

Supporting Grant(S) Nurn~r: l ... (b_)<_
5
> ____ _. 

Name of Principal lnvcstigator: Dr.._l(t>_lf6_> _____ _. 

The USUllS has an Animal Welfare Assurance on lile \\i th the Ofticc for Lal:xmttory 
Animal Welfa re (OLA W). National Institutes of llcul th (NIH). The Assurance Number is 

1(6)(6) I The IACUC approvt<l the abO\:e referenced application as suhmittcd. 

An annual review is required for each of the three yeurs uf thi::; protocol. This review 
must be completed oy the.: ;::mnivcrsary date of the.: protocol . If wor!.. is to be continued past lhc 
cxpirmion date. u triennial review must be completed prior to the expiration date in unkr for 
work to be uninterrupted. Protocol expiration datl!s rnuy not he extended. and no animaP work 
may be Jone without an l1pproved protocol. Although the JACUC muy send rcrnimlcrs. it is the 
investigator's re~ponsibility to submit an ~nnual review form ( Form 3'.!06A) at lcnst 30 days in 
~Jvanc~. or a ntiw Form 3206 for triennial review at leust 60 days in advnnce of expiration. 

Prior to placing your fi rst animal order. please con1act MA.1 ltb)(6) lo i>Chdiule a pre-
protocol pl<mning mcctingf6>16> I This meeting must occur to ensure animal numbers are 
loaded in the CART system and LAM resources arc availabk to meet your needs. 

~ lrh.o. 1 

cc: 
Unicc of Research 

Chair. l n~tin~t i01ia l J\nimal 
Care and llsc Committee 
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USUHS FORM 3206 ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 

r
rl:fi'!'ll!)(l)!'!"") -----..... 

PROTOCOL NUMBER: ______ __, 

PROTOCOL TITLE: Acetate Supplementation using Glyceryl Triacetate as an Adjunct 
Therapy for Hemorrhagic Shock and Injury in Mice (Mus musculus) 

GRANT TITLE (if d ifferent from above): Same 

USUHS PROJECT NUMBER/ DAI GRANT NUMBER:r xsi 

FUNDING AGENCY: NIH-USU Collaborative Program called CHIRP 

EARLIEST ANTICIPATED FUNDING ST ART DATE: Active from February 2016 

PRINCIPAL INVESTIGATOR: lb Ph.D. 

======(b(::::::~~-=--,-4-P_J~ :1

16

x
6

:> :::::1 f // y/~o 16 
Principal Investigator Signature Department Office/lab Telephone Date 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific review 
c ) earch practice . 

I, tLV ""-~~K6) 
; Res Unit hief I Dept Head S1 nature Title Telephone 

Typed Name: 

ST A TISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this proposal to 
ensure that the number of animals used is appropriate to obtain sufficient data and/or Is not 
excessive, and the statistical desi n is appropriate for the intent of the study. 

) A f?, r Km y /!Cf A0 !{, 
Statist1c1an Signature 
Typed Name: 

Department Telephone Date 

ATTENDING VETERINARIAN : In accordance with the Animal Welfare Regulations, the 
Attending Veterinarian was consulted in the planning of procedures and manipulations that may 
cause more than slight or momentary pain or distress, even if relieved by anesthetics or 
analgesics. All signatures are required prior to subm1ss1on to the IACUC Office 

(b ( 

LAM _lcs~x6~> --.-__ _,_~-
Department Telephone 

z0W. 
Date 

The aims of the supporting grant must be submitted along with the 3206. If funding is 
from NIH please also submit the Vertebrate Animal Section (VAS). 
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ANIMAL PROTOCOL NUMBER: [ L-b-)(G_> ___ ___. 

PRINCIPAL INVESTIGATOR:L-lb_><6_> ____ ___.fh .0 . 

PRINCIPAL INVESTIGATOR EMAIL:fbX6' 

ANIMAL PROTOCOL TITLE: Acetate Supplementation using Glyceryl Triacetate as an 
Adjunct Therapy for Hemorrhagic Shock and Injury in Mice (Mus musculus) 

GRANT TITLE (if different from above): Same 

USUHSPROJECTNUMBER: L-1(6_>@_1 ___ -"' 

DAI GRANT NUMBER: Processing in progress 

tfi.c 'l'iiiio"""-1.-N .... V=E--ST..;..;l,;;;G~A;...::..T=O--R.._.~~}pl,..,{b,.,..){6_) ----,.~I Ph.D., ( l) M.Sc,l(b){l5) !Ph.D. 
< > Ph.D an~L-_(~-~_i ___ __.fM.D. (awa1 mg investigator and rodent handling 

training) 
TECHNICIANS($): None 

I. NON-TECHNICAL SYNOPSIS: Hemorrhage is responsible for about 30-40% of all 
traumatic deaths and approximately 50% of battlefielld deaths worldwide. Studies have 
suggested that the ability of tissues to deal with hemorrhage related problems such as 
hypoxia and hypothermia, is critical and that robustness of this ability differs among 
individuals, suggesting involvement of genetic or epigenetic mechanisms. Recently it 
has been shown that acetylation of the transcription factor HIF-2a controls 
erythropoietin production during pathophysiological stress induced by oxygen 
deprivation. In earlier studies we have developed acetate supplementation using 
glyceryl triacetate (GTA). which generates acetate and glycerol on hydrolysis in vivo, to 
improve outcomes after traumatic brain injury. Based on these and other studies we 
have found that oral GTA administration is an effective way to increase acetate levels in 
all tissues and that GTA has no detectable toxic effects on chronic usage even at 
relatively high doses in animals and children. In subsequent studies, acetate 
supplementation using GTA has been shown to induce anti-inflammatory e,ffects in 
multiple rat model systems. Histone deacetylase inhibitors including valproic acid and 
trichostatin . which increase protein acetylation status in general and histone acetylation 
status In particular, have anti-inflammatory and protective effects in hemorrhagic shock. 
This is due in part to the fact that patients who survive acute episodes of blood loss 
experience systemic inflammatory response syndrome triggered by ischemia
reperfusion injury and organ damage. Based on these earlier findings, we propose to 
develop oral acetate supplementation using GTA as a way to augment acetylation
based regulatory mechanisms involved in the response to and recovery from bodily 
Injury, blood loss and reperfusion injury. Our immediate goal 1s to develop GTA 
treatment as an adjunct therapy for hemorrhagic shock and injury. We and others have 
shown that acetyl-coenzyme A synthetase-1 (enzyme name AceCS1 , gene: Acss2) is 
primarily involved in generating acetyl-coenzyme A (acetyl-CoA) for acetylation 
reactions, especially in cell nuclei, and we currently have an ongoing breeding colony of 
mice in which the Acss2 gene is knocked out for studying the related genetic 
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mechanisms. Using this gene knockout model we plan to determine the genetic and 
epigenetic regulatory mechanisms involved in the acetylation-based regulation of stress 
responses to blood loss and injury, and the beneficial effects of GTA treatment on 
survival from hemorrhagic shock and injury. Our central hypothesis is that enhancing 
acetylation-based endogenous genetic/epigenetic mechanisms is an effective way to 
minimize chronic disability and death due to hemorrhagic shock. We propose to test this 
hypothesis using GTA-mediated acetate supplementation in a mouse model of 
hemorrhagic shock with concomitant injury and determine the associated 
genetic/epigenetic mechanisms using our Acss2 gene knockout mouse model. The 
long-term goal of the proposed studies is to improve survival for patients with traumatic 
hemorrhage and associated shock via regulation of genetic and epigenetic response 
mechanisms and to provide knowledge that will lead to genetically-informed 
personalized treatments. 

II. BACKGROUND: 

11.1 . Background: The proposed research is focused on determining the 
effectiveness of acetate supplementation with GTA in improving recovery from 
hemorrhagic shock (HS) with concomitant control cortical impact (CCI) -injury to the 
brain and subsequent ischemia-reperfusion injury (IRI) in wild type mice and Acss2 
gene knockout mice. Acss2 encodes the nuclear-cytoplasmic form of the enzyme that 
converts acetate to acetyl-CoA, and it is the only known enzyme capable of generating 
acetyl-CoA from acetate in the cytoplasm and nucleus of cells. This enzyme has been 
found to be critical for acetylation of the transcription factor HIF-2a, and the promotion of 
erythropoietin production in response to severe anemia (Xu et al.. 2014; Chen et al., 
2015), making this enzyme an important target for the treatment of HS and IRI. In 
subsequent studies, we plan to study the genetic/epigenetic mechanisms involved in the 
protective effects of increased glyceryl triacetate (GTA)-mediated acetylation using the 
HS and concomitant injury model system in these mice. Hemorrhage is responsible for 
about 30-40% of all traumatic deaths and approximately 50% of battlefield deaths 
worldwide (Klemcke et al., 2011 ). Therefore, the long term goal of the proposed studies 
is to improve survival for patients with traumatic hemorrhage and associated IRI via 
acetylation based regulation of genetic and epigenetic response mechanisms and to 
provide knowledge that will lead to genetically-informed personalized treatments. In 
pursuit of this long term goal, genetic and epigenetic studies will be carried out using 
human tissue samples from the CHIRP repository based on the results from the 
proposed studies in mice. 

Individual variations In response to HS: During HS multiple physiological 
mechanisms come into play to maintain blood pressure and tissue perfusion for as long 
as possible. When these mechanisms fail or are not effective, tissue perfusion is 
diminished to critical levels which can subsequently produce end organ injury resulting 
from hypoxia, hypercapnia or hypothermia. Reperfusion results in additional injury due 
to excessive inflammatory responses and oxidative damage, among other mechanisms. 
It has been known for some time that there is considerable variability in the ability of 
patients to survive these conditions and genetic and epigenetic factors are sure to play 
critical role in this inter-person variability. As early as 1970, Kim and Shoemaker 
investigated possible mechanisms underlying physiological differences between 
survivors and fatalities among HS patients (Kim and Shoemaker, 1970). These and 
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subsequent studies have indicated that cardiac index, oxygen delivery and tissue 
oxygen utilization were highly divergent between the groups (Shoemaker, 1976; Bishop 
et al., 1995; Bishop et al., 1993). Other studies have shown association between patient 
survival and inflammatory cytokines and heat shock proteins (Roumen et al., 1993; 
Pittet et al. , 2002). Increased survival has been associated with higher respiration rates, 
arterial P02, saturation of hemoglobin, blood 02 content, blood pH and lower lactate 
levels in rat models (Torres Filho et al. , 2010; Reynolds et al., 2008). Later studies by 
other investigators working on cardiovascular function, blood pressure regulation and 
hypertension have indicated that the variability in the survival time could be accounted 
for by genetic variability (polymorphism) (Rapp, 2000; Cowley, Jr., 2003). Based on 
more recent evidence, it seems likely that multiple epigenetic mechanisms affecting 
transcription factor activation and gene expression are also important components of 
this inter-individual variability. 

Studies have indicated that females are less susceptible to cerebral injury, 
independent of the effects of sex hormones (Semenas et al. , 2010b). In a recent study 
using a clinically relevant model of severe hemorrhage and circulatory arrest in sexually 
immature piglets, it was demonstrated that females displayed an enhanced 
hemodynamic response, cardio-protection, and increased survival (Semenas et al., 
2010a). Interestingly, this cardio-protective effect was observed in spite of comparable 
estradiol and testosterone levels in the male and female animals, indicating an innate 
gender-related cardio-protection, independent of sex hormone effects. Recent studies 
also suggest sex-differences in the expression of several enzymes and proteins, such 
as nitric oxide synthase and superoxide dismutase. Therefore, it is likely that the 
observed sex benefit in females is multifactorial and relates to the expression of a 
diverse group of vascular factors, inflammatory mediators and metabolic enzymes. 
However, possible epigenetic mechanisms involved in these sex-related but sex 
hormone independent effects remain uncertain. 

Regulation of stress erythropoiesis by an acetylation based epigenetic 
mechanism: Erythropoietin (EPO) is synthesized extensively in the kidney and liver of 
adult mammals and is involved in controlling erythrocyte production. Synthesis of EPO 
is regulated by the stress-responsive transcription factor hypoxia-inducible factor-2 
(HIF-2). New studies have shown that effective HIF-2 dependent induction of EPO 
during hypoxia requires acetylation of the HIF-2a subunit and that the lysine 
acetyltransferase CREB-binding protein (CSP) is required for this HIF-2a acetylation 
(Xu et al. , 2014: Chen et al., 2015). These studies further showed that in acutely 
anemic mice the nuclear-cytoplasmic form of acetyl-CoA synthetase (enzyme: AceCS1, 
gene: Acss2) is required in conjunction with CBP for HIF-2 acetylation, CBP-HIF-2a 
complex formation, CBP-HIF-2a recruitment to the EPO enhancer and efficient 
induction of EPO gene expression. Furthermore, acetate supplementation with GTA 
augmented stress erythropoiesis in an Acss2-dependent manner in acutely anemic 
mice. Additionally, such acetate supplementation increased EPO expression and resting 
hematocrit in acquired and inherited chronic anemia models in mice. These studies 
emphasize the regulatory role of transcription factor acetylation in the control of EPO 
gene expression during pathophysiological states marked by tissue hypoxia, and the 
key role played by Acss2 in mediating this response. 
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Acetate supplementation using GTA has anti-inflammatory effects: GTA does 
not induce acetylation at all protein acetylation sites, but rather has been shown to 
induce acetylation at specific lysine sites on some histone and non-histone proteins. 
The reason for this specificity is still uncertain. We compared the effects of GTA and 
equimolar levels of acetate and glycerol and have shown they have different inhibitory 
effects on the growth of certain cancer cell lines in culture (Long et al., 2013). Multiple 
studies have shown that acetate supplementation using GTA has unique anti
inflammatory effects. Most of these studies have focused on the brain using several 
model systems. In one study, acetate supplementation with GTA was found to attenuate 
lipopolysaccharide (LPS)-induced neuroinflammation (Reisenauer et al., 2011). In rats 
subjected to LPS-induced neuroinflammation, a daily treatment with GTA (6g/kg) by oral 
gavage reduced the percentage of CD-11b-positive microglia by three-fold compared to 
rats subjected to neuroinflammation and given water. In another study, acetate 
supplementation using GTA reduced microglial activation and brain IL-1 ~ levels in a rat 
model of Lyme neuroborreliosis (Brissette et al., 2012). These studies showed that 
acetate supplementation utilizing GTA is an effective treatment to reduce injury 
phenotype and progression in Lyme neuroborreliosis. In a subsequent study, acetate 
supplementation with GTA was found to modulate histone acetylation and decrease IL-
1 ~expression in a rat model of neuroinflammation (Soliman et al., 2012a). In this study, 
a 28-day dosing regimen of GTA was used for acetate supplementation and the effect 
on brain histone acetylation and IL-1~ expression was determined. It was found that 
long term acetate supplementation increased the proportion of brain histone H3 
acetylated at lysine 9 (H3K9), histone H4 acetylated lysine 8 and histone acetylated 
lysine 16. Consistent with these findings, acetate supplementation effectively reversed 
the decrease in H3K9 acetylation that was caused by the LPS-induced 
neuroinflammation. Further, LPS-induced neuroinflammation increased IL-1~ message 
(10-fold) and protein (1.3 fold) , and the levels of this pro-inflammatory cytokine were 
reduced to control levels by acetate supplementation with GTA. Based on these studies, 
it can be concluded that dietary acetate supplementation attenuates microglial activation 
by effectively reducing pro-inflammatory cytokine expression by a mechanism that might 
involve a promoter site-specific pattern of histone acetylation and possibly acetylation of 
other transcription factor proteins as well. The proposed studies will determine if this 
anti-inflammatory effect of GTA is also operative in other tissues including liver, lung, 
intestine, heart and kidney. 

Histone deacetylase inhibition creates a pro-survival phenotype during HS: A 
number of studies from different laboratories have shown that histone deacetylase 
(HDAC) inhibitors improve survival in HS victims (reviewed in Halaweish et al., 2015). 
These drugs act by improving the acetylation status of proteins including histones and 
transcription factors. In one study, pretreatment with valproic acid (300mg/kg, twice}, a 
HDAC inhibitor, prolonged the survival of severely hypotensive rats by 5 times in a 
lethal hemorrhage model (Gonzales et al., 2006). Also, acetylation status of histone and 
non-histone proteins was increased in the heart. ln models of HS and polytrauma, 
treatment with HDAC inhibitors has been shown to provide a significant survival 
advantage, even in the absence of fluid resuscitation. Multiple polytrauma models 
studies included two-hit models involving severe hemorrhage and sepsis, and HS 
combined with traumatic brain injury. However, chronic treatment of HDAC inhibitors is 
not encouraged due to the effects on global histone acetylation status especially with 
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pan-HDAC inhibitors. Therefore, efforts are under way to develop isoform selective 
inhibitors as therapeutic agents (Cheng et al., 2015). 

The research plan involves setting up a mouse model of HS based on reduction in 
mean arterial pressure (MAP) rather than volume since it is more reliable than blood 
volume reduction (Pfeifer et al., 2013). The HS model will be set up using wild type and 
Acss2 gene knockout mice following a recently published procedure which combines 
experimental injury with HS (Sodhi et al. , 2015). However, rather than bilateral femur 
fracture, we will use CCI injury to the brain as the concomitant injury as a model of 
polytrauma (Dennis et al., 2009). The bilateral femur fracture model is not suitable for 
chronic studies, whereas CCI injury represents a good model for polytrauma in 
conjunction with HS. Therefore we plan to use the CCI injury as the additional injury. 
The levels of cytokines and erythropoietin will be measured in blood, brain, lung, gut, 
liver, kidney and heart using antibody based protein array methods. Subsequently, the 
studies will be repeated under optimized conditions based on results from the first set of 
experiments to investigate the genetic and epigenetic mechanisms involved. Toward 
this goal, we will use a combination of open chromatin mapping with formaldehyde
assisted isolation of regulatory elements (FAIRE-seq) and enhancer and transcription 
factor mapping using chromatin immune-precipitation (ChlP-seq). Also, RNA-seq will be 
used to obtain the gene expression profiles under this condition. All these analyses will 
be done using multiple tissue samples. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: DTIC. FEDRIP. PUBMED 

11.2.2. Date of Search: March 12-14, 2016 

11.2.3. Period of Search: All published work (no limit) 

11.2.4. Key Words and Search Strategy: Key words were used in sets of three. They 
are: 1) mice, acetate supplementation and -hemorrhagic shock/injury, 2) mice. Glyceryl 
triacetate -and hemorrhagic shock/injury, 3) mice, hemorrhagic shock/injury and genetic 
mechanisms and 4) mice, hemorrhagic shock/injury and epigenetic mechanisms. 

11.2.5. Results of Search: 1) PUBMED: No articles were found for key word 
combinations #1 and #2 and #4. One article was found for combination #3, but it was 
not relevant for the proposed studies. 2) DTIC: One article was found for key word 
combinations #1. This work is relevant to the proposed research, but not directly 
related or repeat of the proposed research. No article was found for combination #2, #3 
and #4. FEDRIP: Three articles were found for key word combinations #2 and 444 
articles for combination #1, #3 and #4. However no article was found when the search 
was restricted to scholarly publications. 

Ill. OBJECTIVE\HYPOTHESIS: Our central hypothesis is that enhancing acetylation
based endogenous genetic/epigenetic mechanisms is an effective way to minimize 
chronic disability and death due to hemorrhagic shock. We propose to test this 
hypothesis using GTA-mediated acetate supplementation in a mouse model or 
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hemorrhagic shock with concomitant injury and determine the associated 
genetic/epigenetic mechanisms using our Acss2 gene knockout mouse model. 

IV. MILITARY RELEVANCE: Hemorrhage is responsible for about 30-40% of all 
traumatic deaths and approximately 50% of battlefield deaths worldwide. Studies have 
suggested that the ability of tissues to deal with hemorrhage related problems such as 
hypoxia and hypothermia, is critical and that robustness of this ability differs among 
individuals, suggesting involvement of genetic or epigenetic mechanisms. The long-term 
goal of the proposed studies is to improve survival for patients with traumatic 
hemorrhage and associated shock via regulation of genetic and epigenetic response 
mechanisms and to provide knowledge that will lead to genetically-informed 
personalized treatments. As such this project is highly relevant to -the health and 
survival of our military personnel in battlefield situations. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: As mentioned above, the 
research plan in this protocol involves setting up a mouse model of HS based on 
reduction in mean arterial pressure (MAP) rather than volume since it is more reliable 
than blood volume reduction (Pfeifer et al., 2013). The HS model will be set up using 
wild type and Acss2 gene knockout mice following a recently published procedure which 
combines experimental injury with HS. We will use CCI injury to the brain as the 
concomitant injury as described earlier (Dennis et al., 2009). The levels of cytokines and 
erythropoietin will be measured in blood, brain, lung, gut, liver, kidney and heart using 
antibody based protein array methods to determine the acetylation associated 
protective mechanisms in this model system. Subsequently, studies will be repeated 
under optimized conditions based on results from the first set of experiments to 
investigate the genetic and epigenetic mechanisms involved. Toward this goal, we will 
use a combination of open chromatin mapping with formaldehyde-assisted isolation of 
regulatory elements (FAIRE-seq) and enhancer and transcription factor mapping using 
chromatin immune-precipitation (ChlP-seq). Also, RNA-seq will be used to obtain the 
gene expression profiles under this condition. All these analyses will be done using 
multiple tissue samples. We are confident that these preliminary studies will provide 
reliable leads to pursue our long term goal of providing knowledge that will lead to 
genetically-informed personalized treatments. 

V.1.1. Experiment 1: To determine the protective effects of acetate 
supplementation with GTA in the mouse model of HS and experimental trauma by 
analyzing survival, inflammatory responses, end-organ pathology and related chronic 
responses in wild type and Acss2 gene knocked out mice. 

The experimental design and methods are described below briefly: 
1. Mouse HS/resuscitation and polytrauma model: Both wild type and Acss2 -/- mice 

will be used for these studies. AH experiments will be done using males approximately 
10 weeks of age (-25 g). Mice will be anesthetized and subjected to polytrauma 
consisting of CCI injury to the brain followed by 60 min HS (Dennis et al. , 2009). For 
comparison purposes, animals with HS alone also will be used. The mice will be treated 
with GTA (5 gm/kg) intragastrically for three different durations. GTA will be 
administered twice per day, spaced 4 to 6 hours apart with treatment lasting between 1 
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and 12 days and the response to injury will be evaluated by multiple methods on the 
days designated (see Table below). On the designated days animals will be divided into 
two groups randomly for biochemical and histochemical analyses (4 wild type and 4 
Acss2 -/- mice for each procedure). The levels of pro-inflammatory cytokines including 
IL-1~ and TNF-a, as well as erythropoietin, will be measured in blood on the designated 
days. For ELISA studies the mice will be euthanized and blood will be drawn. The mice 
will be perfused with PBS to remove the remaining blood, and the brain, small intestine, 
lungs, liver, kidney and heart will be extracted and analyzed by several methods 
including antibody based protein array methods and ELISA assays. For histochemical 
and immunohistochemical analyses mice will be anesthetized and perfused 
transcardially with 10% neutral buffered formalin and the same organs will be processed 
for standard histopathology as well as immunohistochemistry to detect end organ 
pathology and determine the effectiveness of GTA and acetylation-associated protective 
mechanisms in this model system. 

For the surgical procedures mice will be anesthetized with 3-5% isoflurane and 
maintained with 2% isoflurane in 100% 02 throughout the experiments. Under sterile 
conditions, a right groin exploration will be performed and the right femoral artery and 
vein will be exposed and catheterized using sterile polyethylene (PE-50) tubing 
(Harvard Apparatus). The catheters will be connected to a blood pressure transducer for 
continuous arterial blood pressure monitoring during the procedure. The mice will be 
placed in a stereotaxic frame and a 5 mm bone flap will be removed over the parietal 
cortex. Injury will be produced with a 3 mm flat steel tip with a velocity of 5 mlsec and a 
penetration depth of 1 mm (Dennis et al., 2009). The bone flap will be replaced and HS 
will be induced over the course of 15 min by withdrawing blood (approximately 2.0 
ml/100gm) until we achieve a MAP between 30 and 35 mm Hg. The MAP will be 
maintained in this range for 60 min. At the end of the 60 min HS period, mice will be 
resuscitated to a MAP of at least 60 mm Hg. This will be done over 15 min with their 
remaining shed blood plus two times the maximum shed blood in lactated Ringer's 
solution. The catheters will be removed and mice will be taken off isoflurane and 
returned to their cages. Sham-operated mice will undergo anesthesia and femoral 
cannulation only. 

The mice will be sacrificed for ELISA or histological analyses on the days indicated 
in Table below. The mice will be deeply anesthetized with a pentobarbital based 
preparation (Fatal-Plus solution, 75-100 mg/kg, i.p.) and transcardially perfused with 
PBS (50 ml) for biochemical analyses, or with 10% neutral buffered formalin (60 ml) for 
histological and immunohistochemical analyses. Blood will be collected by cardiac 
puncture. 

For biochemical analyses tissues (brain, liver, lungs, kidney and small intestine) will 
be dissected rapidly, frozen on dry ice and stored at -80°C until used. For histology and 
immunohistochemistry the same tissues will be removed and postfixed in 4% 
paraformaldehyde overnight at 4°C for histopathological and immunohistochemical 
analyses. We plan to have 8 mice in each group so that four mice can be used for 
ELISA/biochemical analysis and four can be used for histopathological and 
immunohistochemical analyses. 

The CNRM SOP #1 Brain Injury Models will be followed for the CCI work in mice. 
The pain will not be alleviated in the CCI groups (pain category E) since the drugs used 
can interfere with the inflammatory responses/mechanisms, the primary focus of the 
proposed studies. 
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2. GTA Treatment: GTA treatment will be done as described in our earlier studies 
(Arun, Pet al, 2010a). Experimental groups and conditions are given in Table below. 
Animals will receive the first dose of GTA intragastrically (5g/kg) 30 minutes after 
resuscitation from HS using a blunt tipped intragastric feeding needle passed down the 
esophagus. On subsequent days the treated animals will be given the same dose twice 
a day (morning and evening) until sacrifice. Untreated injured animals will be given an 
equal volume of water. Groups of 16 mice for each treatment condition will include 8 
wild type male mice and 8 Acss2 -/-male mice randomly selected from our breeding 
colony. Females will be used exclusively for breeding purposes. The three time points 
will allow us to differentiate between short term and long term effects of GT A treatment 
on the responses to HS, CCI and IRI. 

Injury Treatment length I Treatment Analyses 
Sham = 16 ( 8 wild type and 8 1. 4 or 12 days water or GTA ELISA & histology 
Acss2) x 3 (time points) x 2 (water 
or GTA) x 2 (repeatino) = 192 - - . 
HS only 16 { 8 wild type and 8 1, 4 or 12 days waterorGTA ELISA & histology 
Acss2) x 3 (time points) x 2 (water 
or GTA ) x 2 (reoeatinQ) = 192 
HS+ CCI =16( 8 wild type and 8 1, 4 or 12 days water or GTA ELISA & histology 
Acss2) x 3 (time points) x 2 (water 
or GTA ) x 2 (repeatinQ) = 192 

Table 1: Treatment groups and procedures. Animals in the experimental groups 
will receive either GTA or an equivalent volume of water. The experiments will be 
conducted on equal numbers of male wild type and Acss2 -/- mice (n = 8 per group for a 
total of 16 animals per treatment condition). At the end of the designated treatment 
periods, groups of 8 mice at each time point under each condition will be divided 
randomly into a group for ELISA measurements and a group for histology and 
immunohistochemistry (4 wild type and 4 Acss2 -/-mice for each). All animals (total= 
576) will be listed under category E since analgesics cannot be used to alleviate the 
pain in any of the groups including the sham. 

3. Cytokine and hormone quantitation by enzyme-linked immunosorbent assay 
(ELISA): Concentrations of cytokines such as IL-6, TNF-a will be measured using 
ELISA assays. Other HS-related proteins such as erythropoietin and HMGB 1 in the 
plasma and in tissues will also be measured using ELISA. The CHIRP Laboratory Core 
has facilities for multiplex ELISAs and this resource will be utilized for our ELISA based 
studies. At the time points noted (Table 1) mice will anesthetized with Fatal Plus and 
blood will be drawn by cardiac puncture. The animals will be perfused with 
approximately 50 ml of PBS to remove remaining blood and tissues will be removed 
including brain, lungs, liver, kidney, small intestine and heart. Tissues will be frozen 
rapidly in liquid nitrogen and stored at -80 °C until analyzed. 

4. Histochemical and lmmunohistochemical analyses to detect multiple organ 
pathology: Fixation and tissue processing will be done during different time points in the 
study (Table 1). Mice will be deeply anesthetized with a pentobarbital based preparation 
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(Fatal-Plus Solution. 75-100 mg/kg, Lp.) and transcardially perfused with PBS (50 ml) 
followed by 4% paraformaldehyde (100 ml). Tissues including brain, kidney, heart. liver, 
lungs, and small intestine will be removed and post:fixed in 4% paraformaldehyde 
overnight at 4 °C, then transferred to a solution of 20% sucrose in PBS. After 18 hours 
the sucrose solution will be replaced with a fresh 20% sucrose solution and kept for 72 
h, and then tissues will be frozen with dry ice and stored at -80-°C until sectioning. 
Frozen organs will be cryostat-cut at 5-20 µm, mounted onto glass slides. Some of the 
slides will be used for H & E staining which will be done at Biomedical Instrumentation 
Center at USUHS. For the immunostaining, endogenous peroxidase will be blocked by 
Peroxidase Block solution (DAKO). For specific protein detection, sections will be 
incubated at 0-4-°C overnight in presence of the respective primary antibodies and the 
immunoreactivity will be detected by using the appropriate Vectastain peroxidase kits 
according to the manufacturer's instructions. 

V.1.2. Experiment 2: To repeat the studies using an optimal time point and perform 
genetic and epigenetic analyses in blood and different tissues such as liver, heart and 

kidney to understand the genetic and epigenetic mechanisms involved. 
In order to understand the genetic and epigenetic mechanisms involved in the 

demonstrated protective effects of GTA, we plan to use a combination of open 
chromatin mapping with formaldehyde-assisted isolation of regulatory elements (FAIRE
seq), and enhancer and transcription factor mapping using chromatin immune
precipitation using anti-pan-acetyl lysine antibodies (ChlP-seq). Also, RNA-seq will be 
used to obtain the gene expression profiles in response to GTA in wild type and Acss2 -
I- mice. We will use an optimal duration for GTA treatment based on the results of 
Experiment_ 1 and studies will be repeated under conditions where a maximal response 
was found in wild type mice using the optimal model system conditions. 

Injury Treatment length Treatment Analyses 
Sham= 8 { 4 wild type and 4 Optimum time point water or GTA Genetic and epigenetic 
Acss2) x 2 (water or GT A ) x 2 analyses 
~e~tin_g) = 32 

HS only = 8 ( 4 wild type and 4 Optimum time point water or GTA Genetic and epigenetic 
Acss2) x. 2 (water or GTA) x 2 analyses 
(reoeating) = 3~ 
HS + CCI = 8 ( 4 wild type and 4 Optimum time point water or GTA Genetic and epigenetic 
Acss2) x 2 {water or GTA ) x 2 analyses 
(reoeatina) = 32 

Table 2: Genetic and epigenetic analyses. Details of the experiment are as given in 
table 1. Studies will be repeated using the optimal time point from experiment 1. All 
animals (total = 96) will be listed under category E since analgesics cannot be used to 
alleviate the pain in any of the groups including the sham. 

V.1.3. Experiment 3. To repeat the experiment 2 using female mice of the same 
age. 

The experiment will be done exactly as described in experiment 2, but with 
female mice. 
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V.2. Data Analysis: Data will be presented as mean± SEM. Parametric data 
(cytokine levels etc.) will be analyzed using a paired 2-tailed t test for the paired data or 
a 1-way analysis of variance (ANOVA) followed by Dunnett's multiple comparisons post: 
test. Nonparametric data (histology data, immunohistochemical data) will be analyzed 
using a Wilcoxon signed rank test for paired data or a Kruskal-Wallis test 
(nonparametric ANOVA). An associated probability value of P< 0.05 will be considered 
significant. 

Power analysis using the quantitative data obtained from our earlier studies have 
indicated that for behavioral studies a sample size of 10 animals per group will have 
80% power to detect a difference of 1.5 standard deviations between groups assuming 
a 5% significance level. and should be sufficient for the outcomes we intend to 
measure; power calculations were performed using nOuery Advisor® 4.0 software. 
Similar calculations have indicated that 5-6 animals/group is sufficient for biochemical 
and immunohistochemical studies. The total number -of animals for each experiment 
has been calculated based on the above considerations. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: The specific nature of the project does 
not permit use of non-animal alternatives. The global physiological changes occurring in 
different cell types in the in-vivo injury models cannot be reproduced in single cell 
culture system, or any alternatives. 

V.3.2. Animal Model and Species Justification: Mouse model of hemorrhagic shock 
ls one of the most commonly used animal models for these preclinical studies. Also, 
controlled cortical impact (CCI) in the rodents is one of the most extensively used 
models of TBI in the literature and this allows us to compare our results with those from 
other established laboratories. 

V.3.3. Laboratory Animals 

ALTERNATIVES CONSIDERATIONS: Does the protocol have any provisions that 
would qualify it to be identified as one that Refines, Reduces, or Replaces (3R's) the 
use of animals in relation to other protocols or procedures performed in the past? 

YIN (circle) SECTION V.3.5. 

Exceptions to the Guide for the Care and Use of Laboratory Animals (Please check 
all applicable): 

[] Use of Paralytics (V.4.1.2.3.) 
I] Prolonged Restraint (V.4.2.) 
[]Multiple Major Survival Surgery (V.4.3.6.) 
[X-] Use of Non-pharmaceutical grade chemicals (V.4.4.1.) 
[ 1 Use of Complete Freund's Adjuvant (V.4.4.3.) 
[]Death as an endpoint (V.4.5.) 
[] Food/Water Restriction (V.5.1.2. 
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[]Single Housing of Social Species (V.5.1.3) 
[]Restriction of Environmental Enrichment (V.5.3.2.) 
[ ) Drug Use/Controlled Substances (Appendix A) 

IDENTIFICATION OF SPECIES AND STRAIN: In accounting for animal numbers, 
please ensure that the strain of animal as well as the species is identified. If more than 
one strain of any species will be used, please list each proposed strain in a separate 
column. If more than two species/strains are to be used, duplicate Sections V.3.3.1 -
V.3.4 , and Section V.4.1.1.1, on subsequent pages to cover all requested strains. 

V.3.3.1. Genus & Species: 

V .3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V.3.3.4. Age: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. Special Considerations: 

Species/Strain #1 
Mus muscuJus 

C57/BL6 

LAM approved vendors 
and Breeding in house 

Adult 

20-259 

Male and female 

None 

425 (includes 10% 
extra for unexpected 
losses) 

V.3.4. Number of Animals Required (by 
Species/Strain): 

V.3.5. Refinement, Reductjon, Replacement (3 Rs): 

Species/Strain #2 
Mus musculus 

Acss2 -I+. 

Breeding in house 
(Breeding protocol 
APG-15-561 ). 

Adult 

20-25g 

Male and female 

Homozygous mice 
only will be used for 
the proposed studies 
425(includes 10% 
extra for unexpected 
losses) 

V .3.5.1. Refinement: In the initial studies conducted to test the effect of GTA on 
traumatic brain injury using the CCI model, we have focused on the obvious behavioral, 
biochemical and histological parameters which are known to be well associated with 
TBI. We have found that most of the animals recover fast and start running around in 
apparent normal way in a matter of hours. Occasionally, some (less than 10%) are 
found to show a greater impairment. As a refinement, we plan to look for such animals 
and euthanize them since they are likely to be outliers in the study as well. Also, 
animals will be acclimated before the behavioral studies. All the animals will receive 
local anesthesia during -catherization of the artery and vein. We do not plan to provide 
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any post-operative analgesia for these animals because use of analgesics can interfere 
with the goal of the proposed studies. 

V.3.5.2. Reduction: We have considered reducing the total number of control 
animals by avoiding separate control groups. However, in view of the variations 
between animals, we do not feel comfortable in comparing with a control group done on 
another day. Therefore, we are unable to reduce the number of animals in the control 
group. Also, we have tried to use the minimum number of animals for each experiment 
based on our prior experience with GTA (earlier protocols) and statistical analysis. 

V.3.5.3. Replacement: In silico methods and tissue culture approaches cannot be 
used for evaluation of the questions studied here, since these actions can only be 
observed in an intact living animal. At the present time, animals lower than rodents in 
the phylogenetic scale cannot be used to model hemorrhagic shock and/or brain injury 
in human, because of wide anatomic and physiological differences. 

V.4. Technical Methods: 

V .4.1. Pain I Distress Assessment: NA 

V.4.1.1. APHIS Form 7023 Information: NA 

V.4.1 .1.1. Number of Animals: 

Species/Strain #1 Species/Strain #2 

V.4.1.1.1 .1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 425 425 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesia/Analgesia/Tranguilization: For CCI model ofTBI, mice will be 
initially anesthetized with 3-5 % isoflurane in 100% 02 in a vented anesthesia chamber. 
Mice under anesthesia will be placed on a stereotaxic instrument -and continuous 
isofluorane anesthesia (2%) will be given using a nose cone. That mice are under 
anesthesia will be determined by their lack of response to pinching the toes. 

We do not plan to use analgesia for these studies. One of the main purposes of these 
studies is to evaluate the anti-inflammatory and healing effects/mechanisms of GTA 
mediated acetylations on CCI and HS induced injuries. Since most of the pain relief 
agents have some type of anti-inflammatory mechanisms, pain relief efforts in 
experiment will interfere with the goal of this study. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: Animals will be 
adapted to their environment for at least 5 days prior to the experiments. 
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V .4.1. 2.3. Para lvti cs: NA 

V.4.1.3. Literature Search for Alternatives to Painfut or Distressful Procedures: 

V.4.1.3.1. Sources Searched: Pub Med, Agricola 

V.4.1.3.2. Date of Search: 3/2012016 

V.4.1 .3.3. Period of Search: 1966-2016 

V.4.1 .3.4. Kev Words of Search: animal, mouse. pain, analgesia, transcardial 
perfusion, controlled cortical impact model, hemorrhagic shock 

• 
V.4.1.3.5. Results of Search: A total of 452 publications were obtained when -key 
words an imal, -mouse, pain and analgesia -were used. However, none appeared when 
transcardial perfusion or controlled cortical impact or hemorrhagic shock was included 
in the search. All of the 452 publications involved studies on different aspects of pain, 
including neural mechanisms and newer pain relieving agents. When key words mouse 
and transcardlal perfusion were combined, 30 publications describing studies involving 
the use of transcardia l perfusion were obtained. None of them provided any 
alternatives to the proposed -painful procedures. Agricola : the key words combination 
an imal, mouse, pain, analgesia provided no publications unlike in the case of PUBMED 
and therefore adding the other key words was not attempted. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: One of the 
main purpose of these studies is to evaluate the anti-inflammatory and tiealing 
effects/mectianisms on GTA mediated acetylations on CCI and HS induced injuries. 
Since -most of tlie pain re lief agents have some type of anti-inflammatory mechanisms, 
pa in relief efforts in experiment will interfere with the goal of this study. 

V .4.2. Prolonged Restraint: NA 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: The surgical procedures will be performed 
aseptically following the LAM guidelines. Anesthesia will be induced by isoflurane vapor 
in 100% oxygen in a commercially a\lailable induction chamber. Once anesthesia is 
induced, animals will be transferred to the designated surgery area and anesthesia w ill 
be maintained via nose cone. See Section V .4 .1 .2.1 
Anesthesia/AnalgesiafTranquilization for details. 

When the animal is anesthetized, its head will be shaved with a hair clipper. The 
head will be cleaned with betadine and alcohol, each repeated 3 times alternately. Then 
the animal will be placed into a stereotaxic frame (appropriate frame size will be used 
for mice) after treating its pressure points such as ears and nose with lidocaine jelly. A 
heated pad with thermister-controlled feedback will be put between the animal's body 
and the base of the stereotaxic f rame. Ophthalmic ointment will be applied to the eyes 
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to prevent dryness . The body will be covered with a sterile drape with an opening to 
expose the head. 

V.4.3.2. Procedure: Animal surgery, anesthesia and CCl-TBI and HS: For the 
surgical procedures mice will be anesthetized with 3-5% isoflurane and maintained with 
2% isoflurane 1n1 00% 02 throughout the experiments. Under sterile conditions, a right 
groin exploration will be performed and the right femoral artery and vein will be exposed 
and catheterized using sterile polyethylene (PE-50) tubing (Harvard Apparatus). The 
catheters will be connected to a blood pressure transducer for continuous arterial blood 
pressure monitoring during the procedure. The mice will be placed in a stereotaxic 
frame and a 5 mm bone flap will be removed over the parietal cortex and kept in a 
sterile location for reuse. Injury will be produced with a 3 mm flat steel tip with a velocity 
of 5 m/sec and a penetration depth of 1 mm (Dennis et al. , 2009). The bone flap will be 
replaced and the scalp will be closed using sutures. Subsequently, HS will be induced 
over the course of 15 min by withdrawing blood (approximately 2.0 ml/1 OOgm) using a 
heparinized syringe (to avoid clotting) until we achieve a MAP between 30 and 35 mm 
Hg . The MAP will be maintained in this range for 60 min. At the end of the 60 min HS 
period, mice will be resuscitated to a MAP of at least 60 mm Hg . This will be done over 
15 min with their remaining shed blood plus two times the maximum shed blood in 
lactated Ringer's solution via the same catheters. The catheters will be removed and 
the incision closed by sutures: sutures will be removed in 4-5 days or as soon as the 
wounds are healed. Mice will be taken off isoflurane and returned to their cages. Sham
operated mice will undergo anesthesia and femoral cannulation only. 

We plan to use a heparinized syringe for withdrawal of blood. Majority of studies in 
the literature have used the heparinized syringe approach rather than infusion of a 
heparin solution before the procedure. In view of the fact that heparin infusion could 
interfere with clotting mechanism with a chance for interference with experimental 
outcome we opted to use the heparinized syringe approach. We are planning to 
catheterize both femoral arteries and a femoral vein. One femoral artery will be used 
to draw the blood and other will be used for continuous measurement of MAP. Femoral 
vein is reserved for reinjection and resuscitation . Th is method is expected to represent 
the clinical scenario better. 

A search of the literature (Jespersen, B. et al, 2012) showed that the loss of mobility 
and potential pain in the affected limb because of loss of blood flow after closure of both 
the major arterial supply and venous return are not real concerns in the proposed 
model. Distress to the animal is minimal in this procedure (Jespersen, B. et al, 2012). 

V.4 .3.3. Post-surgical Provisions: After CCl-TBI surgery/HS, animals will be kept in 
warm condition by a heated blanket or light until they rt:cover from anesthesia. The 
animals will be observed twice daily after surgery and recovery by our research staff for 
4-5 days. 

V.4.3.4. Location:Llth .... M5_1r,._ __________ _ _ ___ _____ --1 

r>1G> ~aci l ities at U~OHS 

V.4.3.5. Surgeon: D~ ... 6_><6_> __ _ 

V.4.3.6. Multiple Major Survival Operative Procedures: NA 
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V.4.3.6.1. Procedures: NA 

V.4.3.6.2. Scientific Justification: NA 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: 
1. Fatal Plus (50-85 mg/kg), Intra peritoneal, volume = 100-200 µI for mice, needle size 
= 25-27 gauge needle for mice. 
2. lsoflurane for anesthesia - volatile anesthetic-2-5% in 100% oxygen-FDA approved 
agent. 
3) GTA administration by oral gavage (5 g/kg)- not FDA approved., GRAS status 
given by FDA, GTA is used extensively in preclinical studies. The Pl's group has used 
GTA for acetate supplementation studies during the last 10 years. 
4) Heparin contained in heparinized syringe. FDA approved. Extensively used in similar 
studies. 

V.4.4.2. Biosamples: Tissues such as brain, lung, liver, kidney, heart and blood will 
be collected post mortem. 

V.4.4.3. Adjuvants: N/A 

V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 

V.4.4.5. Animal Identification: The animals will be identified by cage card. However, 
individual animals after procedure will be given a particular identifying tattoo during 
surgery on their pinna of the ear, tail, arms or legs. 

V.4.4.6. Behavioral Studies: None planned. 

V.4.4.7. Other Procedures: Oral gavage: Treatment of mice with GTA to test 
effectiveness against HS and injury will be done via oral gavage. The details are given 
in the experimental method section V.1. 1 Experiment 1. Animals will be held in a 
supine position and the blunt needle will be inserted into the mouth, directed at a dorsal 
caudal direction and gently lowered into the stomach. Projecting the needle to the top 
part of the mouth will avoid any chance of entering the respiratory tract and the lung. 
We have extensive experience in doing oral gavage in mice based on our ongoing and 
prior work. 

V .4.4.8. Tissue Sharing: Tissues may be shared with other investigators upon 
request. 
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V.4.5. Study Endpoint: Study Endpoint: The animals w ill be euthanized for tissue 
collections and also for histological analysis at the designated time points previously 
described. 

Early Endpoint: Any of the following will represent a reason for early euthanasia: 
inability to ambulate or reach food or water. self-mutilation, continuous circling, or 
persistent labored respiration or gasping, loss of 20% of weight below baseline (weight 
taken on alternate days), prostration/inactivity for up to 24 hours. These signs, if 
observed by animal facility personnel and no study personnel can be reached, may be 
taken by the veterinarian as cause for euthanasia. 

V.4.6. Euthanasia: Some animals in each group will be euthanized -by decapita tion 
following injection of a -75-100 mg/kg dose of pentobarbital based euthanasia solution. 
Others will be euthanized by transcardial perfusion following euthanasia solution 
administration (Fatal Plus. 75-100mg/kg or other pentobarbital based euthanasia 
solution, lntraperitoneal, 200-300µ1 volume. 25 gauge needle). 

Transcard1al -perfusion will be done as described in our publications_( Ariayannur et al, 
2010; Arun et al, 2010 b; Mathew et al. 2005; Madhavarao et al, 2009} Briefly, animals 
will be deeply anesthetized with Fatal Plus (75-100 mg/kg), and the heart will be 
exposed by opening up the thoracic cavity after confirming that the animal is fully under 
anesthesia To monitor the depth of anesthesia we will test whether the animal has lost 
its toe pinch (pedal withdrawal) reflex. The animals will be perfused with either 10% 
neutral buffered formalin or 4 % freshly depolymerized paraformaldehyde through the 
left ventricle using a peristaltic pump. The right atrium will be cut and approximately 50-
75 ml of fixative solution will be passed through the c irculatory system. Following the 
perfusion, tissues will be removed to a container of fresh fixative solution prior to 
histopathological analysis. 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
w ill be provided in accordance with LAM Husbandry SOPs. 

V.5.1.1. Study Room: CCl-TBI will be conducted in LAM's surgery room or CNRM 
facilities . 

V .5.1.2. 

Building(s) l L~6_1<ti_> ___ .....___ Room Number(s) pot<G) 
llb)(6) ! '--------...&........ 

Special Husbandry Provisions: No separate housing required after surgery 

Food Restriction: 

Fluid Rest riction: 
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V.5.1.3. Exceptions: NIA. 

V.5.2. Veterinary Medical Care: 

V .5.2.1. Routine Veterinary Medical Care: The animals will be observed daily 
according to LAM SOPs. 

V.5.2.2. Emergency Veterinary Medical Care : All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians. one or more veterinary 
technicians , and an on-call veterinarian . Essentia l husbandry procedures and health 
rounds are conducted by LAM personne l once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance w ith LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V .5.3.2. Enrichment Restrictions: NIA 

VI . STUDY PERSONNEL QUALIFICATIONS AND TRAINING : 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol act1v1ty or 
procedure (e.g., tail vem Name of person 
in1ections, euthanasia\ oerformlno activity 

lntragastric (b)(6) 

administration 

IP injection 

decapitation 

transcard1al perfusion 
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aualit1cat1ons of person Specific training in this 
performing activity (e g activity or procedure 
research technician, 2 (e.g., rodent handling 

yrs experience) class. 19991 

Ph.D. 8 years exp. in Investigator training, 
mice 2003. Rodent 

handling class, 2003 
Ph.D .. 2 years exp. in Investigator training, 
mice 2014. Rodent 

handlinQ class,2014 
Ph.D., 2 years exp. in Investigator training, 
mice 2014, Rodent 
M.Sc., 3 years exp. in handling class,2014 
mice Investigator training, 

2013. Rodent 
handling class, 2013 

Ph.D .. 2 years exp. in Investigator training, 
mice 2014. Rodent 

handling class.201 4 
M.Sc., 3 years exp. in Investigator training, 
mice 2013, Rodent 

handling class. 2013 
Ph.D., 2 years exp. in Investigator training. 
mice 2014, Rodent 

handlinQ class.201 4 
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\0)10) M.Sc., 3 years exp. in Investigator training , 
mice 2013. Rodent 

,_bandltng_ class. 2013 
CCI Ph D 8 years e>ep 1n Investigator training, 

mice 2003, Rodent 
handling class, 2003 

HS M D • to be trained by awaiting investigator 
our collaborator at and rodent handling 
WRAIR. traininQs ---

VII. BIOHAZARDS/SAFETY: Gowns, gloves, and masks will be used for personal 
protection and sharp items will be disposed of in separate containers as per safety 
rules . The volatile anesthetic agents Will be properly c losed and removed from the 
procedure area. Chemica ls and hazardous waste used in this protocol will be handled in 
accordance with all applicable state and federal guidelines, regulations, and standing 
operating procedures. Waste anesthetic gas (isoflurane) will be scavenged passively 
and exposure to investigators will be minimized using the set up used in the LAM 
operating room since the surgeries will be done in one of those operating rooms. 

A. Zoonotic Disease· None 
B. Safety Hazards:None 
C. lsoflurane:Yes 
D. lsoflurane Exposure: Minimal exposure 
E. Sharp Instruments: Yes 
F. Infectious Agents that do not cause Zoonoses: None 

VIII. ENCLOSURES: References 
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IX. EXTRAMUAL COLLABORATION: 
If there are any collaborations with outside ent1t1es. please explain here. 

X. ASSURANCES: 

As the Principal Investigator on this protocol , I acknowledge my responsib1lrt1es and 
provide assurances for the following : 

A. Animal Use: The animals authorized for use1 in this protocol will be used only in 
the activities and in the manner described herein. unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal , and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning rad iation 
protection. b iosafety recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 

Training Course. r )(b) ti 14 / :{o I b 

Principal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility : I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol , and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced. namely, 
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"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful res,~~L--------, 

Date 

I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 

...Wff:t1>r WILL NOT be relieved with the use of anesthetics. analgesics and/or 
tranquilizers. I have considered alternatives to such procedures: however. using the 
methods and sources described in the protocol, I have determined that alternative 
procedures are not ava· · objectives of this proposed experiment. 

y/!Y/~01& 
Principal Investigator 1gna ure Date 
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XI. PROTOCOL ABSTRACT: 
Hemorrhage is responsible for about 30-40% of all traumatic deaths and apprm<imately 
50% of battlefield deaths worldwide. Studies have suggested that the ability of tissues to 
deal with hemorrhage related problems such as hypoxia , hypercapnia and hypothermia, is 
critical and that robustness of this ability differs amorng individuals, suggesting involvement 
of genetic or epigenetic mechanisms. Recently it has been shown that acetylation of the 
transcription factor HIF-2a controls erythropoietin production dunng pathophysiological 
stress induced by oxygen deprivation. In earlier studies we have developed acetate 
supplementation using glyceryl triacetate (GTA). which generates acetate and glycerol on 
hydrolysis in vivo, to improve outcomes after traumatic brain injury. Based on these and 
other studies we have found that oral GTA administration is an effective way to increase 
acetate levels in all tissues and that GTA has no detectable toxic effects on cnronic usage 
even at relaUvely high doses in animals and children . In subsequent studies, acetate 
supplementation using GTA has been shown to induce anti-inflammatory effects in multiple 
rat model systems. Histone deacetylase inhibitors including valproic acid and trichostatin. 
which increase protein acetylation status in general and histone acetylation status in 
particular, have anti-inflammatory and protective effects in hemorrhagic shock. This is due 
in part to the fact that patients who survive acute episodes of blood loss experience 
systemic inflammatory response syndrome (SIRS) triggered by ischemia-reperfusion injury 
and organ damage Based on these earlier findings, we propose to develop oral acetate 
supplementation using GTA as a way to augment acetylation-based regulatory 
mechanisms involved in the response to and recovery from bodily injury, blood loss and 
reperfusion injury. Our immediate goal is to develop GTA treatment as an adjunct therapy 
for hemorrhagic shock and injury. We and others have shown that acetyl-coenzyme A 
synthetase-1 (enzyme name: AceCS1, gene: Acss2) is primarily involved in generating 
acetyl-coenzyme A (acetyl-CoA) for acetylation reactions, especially in cell nuclei, and we 
currently have an ongoing breeding colony of mice in which the Acss2 gene is knocked out 
for studying the related genetic mechanisms. Using this gene knockout model we plan to 
determine the genetic and epigenetic regulatory mechanisms involved in the acetylation
based regulation of stress responses to blood loss and injury, and the beneficial effects of 
GTA treatment on surv iva l from hemorrhagic shock and injury. Subsequently, we plan to 
focus efforts on enhancing our understanding of such regulatory mechanisms in humans 
for improving suNival from traumatic hemorrhage and associated shock. provid ing 
knowledge that will lead to genetically-informed personalized treatments. Our central 
hypothesis is that enhancing acetylation-based endogenous genetic/epigenetic 
mechanisms is an effective way to minimize chronic disability and death due to 
hemorrhagic shock. We propose to test this hypothesis using GTA-mediated acetate 
supplementation in a mouse model of hemorrhagic shock with concomitant injury and 
determine the associated genetic/epigenetic mechanisms using our Acss2 gene knockout 
mouse model. The long-term goal of the proposed studies is to improve suNival for patients 
with traumatic hemorrhage and associated shock via regulation of genetic and epigenetic 
response mechanisms and to provide knowledge that will lead to genetically-informed 
personalized treatments. 

A. Animal Protocol Number:._ltb_><6_> ____ _, 

B. Animal Protocol Title: Acetate Supplementation using Glyceryl Triacetate as an 
Adjunct Therapy for Hemorrhagic Shock and Injury 

USUHS Fonn 3206 - Revised January 2016 
Previous velSlons are obsolete 

22 



C. Principal lnvestigator:Ll(b_l<6_> _____ _.IPh.0 . 

D. Performing Organization: USUHS 

E. Funding: CHIRP 

F. Objective and Approach: Our central hypothesis is that enhancing acetylation
based endogenous genetic/epigenetic mechanisms is an effective way to minimize chronic 
disability and death due to hemorrhagic shock. We propose to test this hypothesis using 
GT A-mediated acetate supplementation in a mouse model of hemorrhagic shock with 
concomitant injury and determine the associated genetic/epigenetic mechanisms using our 
Acss2 gene knockout mouse model. The long-term goal of the proposed studies is to 
improve survival for patients with traumatic hemorrhage and associated shock via 
regulation of genetic and epigenetic response mechanisms and to provide knowledge that 
will lead to genetically-informed personalized treatments. 

G. Indexing Terms (Descriptors): Hemorrhagic shock and injury, Glyceryltriacetate. 
traumatic brain injury. mouse. animal model. genetic and epigenetic mechanisms, 
acetyl CoA synthetase gene knockout. 
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APPENDIX A. 

Pl NAME.f~i !Ph.D. 
PROTCOL OMBER:FbM» I 
DRUGS AND CONTROLLED SUBSTANCES 

Please list ALL drugs and controlled substances that will be used under this 
protocol. indicating the DEA Schedule if known. Provide both the Approved 
Name and the Proprietary Name of each drug if known. 

This list. once approved. will be used by the IACUC and the USU Pharmacy to 
determine which drugs and controlled substances can be supplied to the 
Principal Investigator. The Pharmacy will not dispense to the Pl any drug that is 
not included in this list. 

Drug Name 
(Please give both approved and 
Proprietary Names if possible) 

1. Sodium pentobarbital (Fatal Plus) 
2. 

DEA Schedule (I , II, Ill, or IV) 
(if known) 

II 

Date of Protocol Expiration Date: New Protocol 
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University of the Health Sciences (lJSUHS) Institutional Animal Care and Use Committee 
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Prior to placing your first animal order, please contact MAJfb)(o) ko schedule 
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ANIMAL PROTOCOL NUMBER:._[<b)_(6_l ___ __, 

.... P .... R_1N_C...,IP._A_L ........ 1N1 .... V_.E .... S .... T .... 1G .... A...,i ..... O .... R.l .. (b_R_6) ___ __,tMedicine.._J<6_R6_) ___ __, 

ANIMAL PROTOCOL TITLE: Gene Therapeutic Approach for Tolerance Induction to Cognate 
Antigens and EAE 

GRANT Till.E (if different from above}: Gene Therapeutic Approach for folerance Induction 

USUHSPROJECTNUMBER~_<6_H6_1 __ __ 

CO·INVESTIGATORCSl: (b < PhD 
(bX6) 

TECHNICIANS{$): _l(b-)(13-l ----

1. NON· TECHNICAL §YNOPSIS: Multiple sclerosis (MS) is an immune-mediated disease in 
which certain cells from the immune system attack and destroy parts of the central 
nervous system (CNS)1 in particular the myelin sheath that surrounds nerve fibers and 
aids in signal transduction and the nerve fibers themselves. This disruption of nerve 
impulses can be debilita1ing, with symptoms ranging from mild (limb numbness) to 
severe (paralysis/loss of vision). While the exact cause of MS is not known, it is believed 
that a number of factors play a role in disease de-velopment. among them an abnormal 
Immune response. It is also believed that infections, genetics and environmental factors 
may be involved in triggering disease. our lab Nas been interested in irwestlgating tl'le 
role that the immune system plays in MS. We have shown that when antigens are linked 
to protein. called an imrnunoQlobulin "carrier". they can specifically inhibit the reactivity of 
the immune system (tolerance) to the linked protein antigens. In this protocol, we will use 
Experimental Allergic Encephalomyelitis (EAE), a mouse model which resembles MS. 
This is a well~established experimental model for multiple sclerosis that induces an 
impaired ability to walk and possibly can cause some muscle paralysis in the mice over 
a period of days to weeks. Mice will be injected with a protein from moose brain together 
with an agent facilitating development of white blood cells (called T cells) that attack 
brain proteins. leading to tissue destruction. Treatments with modified immune cells from 
other mice will be tested to determine if such treatments might prevent or alleviate the 
i mp~lired movement induced by the injection of brain proteins. We also are developing 
soluble fusion proteins bu.ill on the lgG scaffold to facilitate tolerance without cell 
transfer. 

II. BACKGROUND: 

H.1. Background: Our lab is interested in developing techniques to regulate (eliminate) the 
immune response to a variety of proteins that are being attacked by the body in autoimmunity. Our 
goal is to use a type of white blood cell, called B lymphocytes, which have been engineered to 
display parts of foreign or self materials to the immune system in such a way as to "trick" it into not 
responding, in order to control autoimmune (anti-self) diseases. We expect, and preliminary results 
haw ~hown, that transferring these antigens to the blood B lymphocytes will lead to diminished 
responses to these proteins and curing of autoimmunity in animal models for multiple sclerosis. 
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Further studies show 1hat we can also trick the immune system by transferring the antigens to the 
precursor form of B cells found in the bone, the bon~ marrow cell. The long-term objective is to 
understand and harness this process so that we can better prevent and reverse the autoimmune 
attack that occurs in diseases like diabetes or multiple sclerosis (MS). In this protocol, we will use 
Experimental Allergic Encephalomyelitis (EAE) as an autoimmune disorder resembling MS. It is 
characterized by a chronic rel&p$ing, and remitting paralysis secondary to central nervous system 
(CNS) demyelination caused by T cells. Our hypothesis is that tolerance can be induced by our B
cell presentation of foreign or self proteins) delivered via our gene therapy procedure. This 
somehow tricks the immune system into a state of non-responsiveness (tolerance) and a reversal of 
autoimmunity. The objective Is to optimize this process for future application. 

11.2. Literature Search for Dypli!:,-dgn: . . 

11.2.1. Literature Source{s) Searched: Biomedical Research Database 
RePORTER 
Pubmed 

11.2.2. Data of Search: July 23, 2013 

11.2.3. Period of Search: 1990-2013 (BRO: 1998-2013 only) 

11.2.4. Key Words and Search Strategy: Multiple sclerosis/EAE and alternatives to animal use; 
multiple sclerosis and alternatives to painful procedures; adjuvant alternatives; 

11.2.5. Result• of Search: No relevant hits; alternatives to footpad Injection found and are 
incorporated. No other relevant hits nor do they represent duplication of work proposed. EAE is an 
autoimmune neurologlcal disease that cannot be repllcated In culture. Moreover, you cannot 
determine whether a therapy or immunization protocol will work in culture. Mice have been used for 
studies ln Immunology for several decades, and are the animal of choice due to extensive 
knowledge of their genetics, and of murine T and B cells and their interactions. In addition, mice 
provide useful models for human disease. 

Ill. OBJECTIVE\HYPOTHESIS: Our goal is to use an animal model of Multiple Sclerosis (MS) to 
devise ways to prevent Immune responses to nervous &)'Stem proteins (like myelin). Our hypothesis 
is that tolerance can be induced by our B-cell presentation of foreign or self proteins) delivered via 
our gene therapy procedure. This somehow tricks the Immune system Into a state of non
responsiveness (tolerance) and a reversal of auto-immunity. The objective is to optimize this 
process for future application. 

IV. MILITARY RELEVANCE: Autoimmune disorders such as multiple sclerosis (MS) can be 
severely debilitating. Moreover, there has been an increased incidence of certain autoimmune 
diseases in veteram of the ongoing wars. Understanding how to reverse these and other 
undesirable immune responses is important for the general health of the military population and 
their fammes. Our research is aimed at reversing the effects of autoimmune diseases and hence is 
relevant. 

V. 
male and female, 6-8 weeks of age. These mice are susceptible to MOG-
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• I-cell receptor transgenic 202 mice, are available froml(bl(4l I Male and female 
donors, 6-8 weeks of age, These mice possess transgenic T cells that are specific for 
M0035-S5, a target in EAE. 

• Balb/c and co 1 ·1.1 o are used in an experiment to ft'>llow the fate of specific T c-ens in a 
non-EAE model, and FoxP3-GFP mice to follow the role of T regulatory cells. 

V.1. EXQ!rimentae Design and General Procedures: 

V.1.1 . Experiment 1: To test whether memory 8 cells from immune mice are pathogenic or 
tolerogenic in our gene therapy protocol 

Goal ~nd protocol: lo determine whether tolerance to MOG·induced EAE can be induced with 8 
cells from immunized miee, that is, can antigen-specific B cells be tolerogenic or immunogenic for 
CNS antigen. This ls Important because autoimmune patients will possess B cells specific for the 
CNS antigen. This will test the hypothesis that antigen-specific B cell may be tolerogenic or may 
contribute to pathogenesis whereas non-specific B cells are tolerogenic. 

·Mouse strains needed/source: C57BU6J,~male and female, 6-8 weeks of age. These mice 
are susceptible to MOG=induced EAE (40 donors and 80 recipients per experiment; 360 mice total; 
JAX) 

ExP!riment I: To determine whether tolerance to MOG-induced EAE can be induc.ed with B c.ells 
from MOG·immunized donors; Age = s .. s weeks 

This experiment needs to be performed three times (original plus two repeats) for statistioaf 
significance based on the Pl's experience with this model: We require: 

Group 1: 8 cells from MOG immunized donors tran~duced with MOG-lgG ( 1 O donors) 
Group 2: B cells from MOG immunized donors transduced with OVA-lgG (10 donors) (specificity) 
Group 3: El tells from naive donors transdueed with MOG-lgG (10 donors} (tolerant) 
Group 4: B cells from naive donors transduced with OVA-lgG (10 donors) (specificity) 

Day-30 
Immunize 20 donors (groups 1 and 2) with MOG protein in alum intraperitoneally (i.p.) 
(10 micrograms in 0.2 ml .• 27G needle) 

Day-9 
Prepa~ B eells from 20 normal C5781J6J mice (normal polycional donors) or from 20 immunized 
donors, activate wlth LPS /n vitro 

Day-8 
Culture activated B cells in vitro with MOG35-55 retroViral construct or control. e.g. OVA construct) 

Day-7 
Wash, mix and inject B cells (i.v.; tail; 27G. <0.2 ml) into 4 groups of 20 recipients (80 C57BU6J) 

OayO 
Immunization with antigen (MOG35-55) + Adjuvant (complete Freund's adjuvant (CFA)), flanks 

(s.q.) and base of tail (s.q.) (27<3, 0.1 ml total) 
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Daily 
Observe clinical symptoms 

Day 28 All mice in groups 1-4 will have blood samples taken and will be euthanized to obtain 
tissues for T-cell proliferation*, record clinical symptoms. Mice are euthanized when they reach 

stage IV in this protocol if remission does not occur! 
This experiment is repeated twice more. 

*All euthanized mice are tested for T-cell proliferation in spleen and draining popliteal and inguinal 
lymph nodes. 

V.1.2. Experiment 2: To determine the fate of specific T cells in modulation of EAE 
(This experiment could not be done in our initial period due to commensals in facility affecting the 
tolerance protocol). 

Goal and protocol: Same general protocol as Experiment 1. We will repeat this basic protocol with 
an injection of 202 T-cell receptor (TCR) transgenic T cells (labeled with carboxy-fluorescein 
succinimldyl ester, CFSE) into recipients in order to localize their migration under optimum 
tolerance conditions. 1n this variation of the basic experiment, MOG-specific TCR transgenic T cells 
(202) will be isolated, labeled with CFSE to trace them, and transferred into normal C57BL16 
recipient mice, which then receive tolerogenic B cells. At various time points during the experiment, 
mice from each group will be euthanized to obtain lymph node and spleen cells to assay for T cell 
responses to the test antigen in culture or followed for disease symptoms. The readout is EAE and 
flow cytometry. 

Experiment 2 

To determine whether the fate of T cells in tolerance to MOG-induced EAE 

Mice; 
Each experiment requires 48 C57BU6 recipient mice, 24 C57BU6 donor mice and 12 TCR 
transgenic 202 mice. Thus, 24 C57BU6 donors and 48 recipients (x3) = 216; 12 202 donors per 
expt. (x3=36). Male and female, age 6-8 weeks. 

This experiment needs to be performed three times (original plus two repeats) for statistical 
significance based on the PJ's experience with this model. 

Day-9 
Prepare 8 cells fram 24 normal C57BL16 mice (normal polyclonal donors), activate with LPS in vitro 

Day-8 
Culture activated B cells in vitro with MOG35-55 retroviral construct or control, e.g. OVA construct 

Day-8 
Inject TCR transgenic 202 T cells (12 donors) i.v. (27G, <0.2 ml) labeled with CFSE into two 

groups of 12 recipients; 24 recipients do not receive 202 T cells 

Oay-7 
Wash and inject B cells into 4 groups of 12 recipients 
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Group 1; B cells from naive donors transduced with MOG-lgG <clus 2D2 T cells) 
Group 2: 8 cells from na"ive donors transduced with OVA-lgG {plus 202 T cells) 
Group 3: B cells from naive donors transduced with MOG-lgG (tolerant) 
Group 4: B cells from na·ive donors transduced with OVA-lgG (specificity) 

DayO 

Immunization with Antigen (MOG35-55) + Adjuvant (CFA). flank (s.q.) and base of tail (s.q.) (27G. 
O. 1 ml total) 

Day 3, 7, 14. 21 
On days 3, 7, 14, and 21, three mice per group will be euthanized and spleens removed. Spleen 
cells will be examined for presence of CFSE-labeled T cells (to follow fate of T cells), both in 
numbers and for amount of proliferation. 

Mice are observed for clinical symptoms on days 7-21 and are euthanized when they reach stage 
IV in this protocol if remission does not occur! 

V.1.3. Experiment 3: To determine the fate of specific T cells in B-cell delivered gene therapy for 
e non-CNS-derived antigen 

•Mice needed and source: Balb/c (216) and 0011 .10 (36), from....,l<6,...H
4
_) ""!"'"~__,!are used for 

experiment 3 to follow the fate of specific T cells in a non-EAE model. 

Goal and protocol: Same general protocol as Experiment 2. We will repeat this basic protocol with 
an injection of 0011. 1 o TCR transgenic T cells (CFSE labeled) into recipients In order to localize 
their migration under optimum tolerance conditions with a non-CNS antigen. To follow the fate of 
the T cells, Ovalbumin-specific 0011.1 O TCR transgenic T cells will be isolated, labeled with CFSE 
to trace them, and transferred into normal 8alb/c recipient mice, which then receive tolerogenic B 
cells. At various time points during the experiment, mice from each group will be euthanized to 
obtain lymph node end spleen cells to a&say for T cell responses to the test antigen in culture and 
antibody to OVA. 

Experiment 3 
To determine whether the fate of spe~ cells in tolerance Induced by OVA expressing B cells 
Mice: Number per expt. Total Balb/c,E.Jmale and female 72 donors and 144 recipients= 216. 
Age =6-2 weeks 
TCR transgenic DO 11.1 O mice 12x3=36 donors; Male and female, age 6-B weeks. 
This experiment needs to be performed three times (original plus two repeats) for statistical 
significance besed on the Pt's experience with this model. 

Day-2 
Prepare B cells from 24 normal Balb/c mice, activate with LPS in vitro 

Day-1 
Culture activated B cells in vitro with OVA-lgG retroviral construct or control, e.g. OVA construct) or 
control {MOG or other irrelevant antigen) 
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Day 0 
lnjecttransduced B cells i.v. (27G, <0.2 ml) into Balb/c recipients 

Day 1 
Inject (i.v.) TCR transgenic D011.10 T cells (12 donors) labeled with CFSE into 2 groups of 12 
recipients; 24 mice do not receive 0011.10 T cells as controls 

Day 3, 7, 14 and 28 
Isolate spleen cells from 3 mice per group and examine for presence of CFSE-labeled T cells (to 
follow fate of T cells). both in numbers and for amount of proliferation. We already know this 
protocol leads to tolerance to OVA peptides, which is validated by T-cell proliferation to OVA 
;:ieptide in vitro. 

V.1.4. Experiment 4: To determine the role of FoxP3 T regulatory cells in B-cell delivered gene 
therapy. Same general protocol as Experiment 3. We will repeat the basic protocol excepl that 
0011.1 O-FoxP3-GFP donors are used to follow the role of T regulatory cells in tolerance. The 
rationale is that these donor D011.10-FoxP3-GFP. a marker ofTregs, will appear green when 
activated. These mice then receive tolerogenic B cells. At various time points during the 
experiment, mice from each group will be euthanized to oblain lymph node and spleen cells to 
assay for the increase In T regulatory (GFP+) cells. 

• Mice needed and source: Balb/c E]and 0011.1 O-FoxP3-GFP (USU), are used as in 
experiment 3 to follow the role of specific T cells in a non-EAE model. 

Experiment 4 
To detennine the role of regulatory T cells in tolerance 
This experiment is repeated once 

Day-2 
Prepare B cells from 24 normal Bafb/c mice, activate With LPS in vitro 

Day-I 
Culture activated B cells in vitro with OVA-lg retroviral construct or control (e.g. MOG or other 

irrelevant antifaen) 

DayO 
Inject transduced B cells l.v. (27G, <0.2 ml) Into 48 recipients+ D011.10-FoxP3-GFP TCR. 
transgenic to trace Tregs into 24 recipients 

Day 3, 7, 14 and 28 
Isolate spleens from 3 mice per group and check for CFSE steining by flow cytometry (we already 
know this protocol leads to tolerance to OVA peptides, which is validated by T -cell proliferation to 
OVA peptide in vitro. 

Experiment 5 

GOAL: To determine whether fusion lgG's we have developed can induce tolerance to MOG
induced EAE 
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Mice; 
Each experiment requires 40 C57BU6 recipient mice (120 total) 
This experiment needs to be performed three times (original plus two repeats) for statistical 
significance based on the Pl's experience with this model. 

Day-7 
Wash and inject fusion lgG cells into 4 groups of 10 recipients (all injections i. v. 27G, <0.2 ml) 

Group 1: Inject with scCD20 lgG MOG (10 micrograms) 
Group 2: Inject with scC020 lgG OVA (10 micrograms) 
Group 3: Inject with scCD20 lgG MOG (50 micrograms) 
Group 4: Inject with scCD20 lgG OVA (50 micrograms) 

Daya 
Immunization with antigen (MOG35-55) + Adjuvant, flanks (s.q.) and base of tail (s.q.) (27G, 0.1 ml 

total) 

Daily 
Observe clinical symptoms 

Day28 
Sample bleed and/or euthanize to obtain tissues for T-cell proliferation*, record clinical symptoms. 
Mice are euthanized when they reach stage IV in this protocol if remission does not occur! 
This experiment is repeated twice more. 

*All euthanized mice are tested to T-cell proliferation in spleen and draining popliteal and inguinal 
lymph nodes. 

V.2. Data Analysis: The significance of the responses will be analyzed by students' t test when 
appropriate sized groups or distributions are observed. In other cases, a statistician will be invited to 
examine the data. 

V.3. Laboratory Animals R!l!9uired and Justification: All of our studies require animals with an 
intact immune system and therefore cannot be replicated in vitro. Mice have been used for studies 
in immunology for several decades, and are the animal of choice due to extensive knowledge of 
their genetics, and of murine T and B cells and their interactions. In addition, mice provide useful 
models for human disease. Indeed, immunization of mice with myelin proteins mimics the 
symptoms of multiple sclerosis in humans. Thus, these mice are an excellent model for MS. 
We use mice that express T -cell receptor transgenes in order to examine the role of specific T 
cells in tolerance, and the fate of the latter in 2 different models, CNS.specific or non·CNS 
(OVA) reactive. 

We also use mice that express a Green Fluorescent Protein (GFP) when a gene for FoxP3 
(involved in regulation of immune responses) is expressed. These mice will allow us to follow the 
consequences of our treatment protocols on the development of regulatory T cells, and importantly 
will enable us to isolate and studies these T cells. 
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V .3.1. Non-animal Alternatives Considered: The ability to form antibodies or develop 
autoimmune responses requires in vivo immunization. In vitro experiments cannot address the 
questions. There are NO non-animal alternatives to address these questions. 

V.3.2. Animal Model and Species Justification: Mice have been used for studies in immunology 
for several decades, and are the animal of choice due to extensive knowledge of their genetics, and 
of murine T and B cells and their interactions. In addition, mice provide useful models for human 
disease. Indeed, immunization of mice with myelin proteins mimics the symptoms of multiple 
sclerosis in humans. Thus, these mice are an excellent model for MS 

V.3.3. Laboratory Animals 

Species #1 
V.3.3.1. Genus & Species: Mouse (Mus muscutus) 

V.3.3.2. Strain/Stock: See Table below 

V.3.3.3. SourceNendor: See below 

V.3.3.4. Age: 6-12 weeks 

V.3.3.5. Weight: 20-25 g 

V.3.3.6. Sex: Mand F 

V.3.3.7. S12ecial Considerations: See below 

V.3.4. Number of Animals Reauired lbv Soecies): 
Species Strain Weight/Age Sex Total# 

(for J yrs) 

Mice C57BL/6 25g/>6 wks M/F 696 
, Mice Balb/c 25g/>6 wks M/F 264 

Mice 0011.10 (Balb/c) TCR transgenics 25g/>6wks M/F 36 

Mice •oo 11.1 O/F oxP3-GFP knockin 25g/>6 wks M/F 96 

Mice 202 TCR transgenic 2Sg/>6 wks M/F 36 

V.3.5. Refinement, Reduction, Replacement (3 Rs): 

V.3.5.1. Refinement: 
All of our studies require animals with an intact immune system and therefore cannot be replicated 
in vitro. Mice have been used for studies in immunology for several decades, and are the animal of 
choice due to extensive knowledge of their genetics, and of murine T and B cells and their 
interactions. In addition, mice provide useful models for human disease. Indeed, immunization of 
mice with myelin proteins mimics the symptoms of multiple sclerosis in humans. Thus, these mice 
are an excellent model for MS. Appropriate anesthesia will be used when perfonning retro-orbital 
blood collection in an effort to reduce pain and distress. Soft bedding, enrichment pads, and gel 
nourishment will be used in all EAE related experiments. Analgesia is not recommended in our 
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experiments, as it may strongly influence the fate of T-cell subsets studied \n our experiments. 
Analgesics may interfere with these studies since they are known to modulate the immune 
response. For example, see Carrigan KA, Saurer TB, Ijames SG and Lysle DT, 2004. 
Buprenorphine produces naltrexone reversible alterations of immune status lnternat. 
lmmunopharmacol. 4:419-28 for details and for additional citations. One refinement we intend to 
incorporate into this protocol is to inject antigen/adjuvant into the flanks and base of tall (SQ) as 
an alternative to footpad injection. 

V.3.5.2. Reduction: Our experiments require tissue donors of bone marrow-derived B cells (LPS 
activated B cells), which will be harvested and retrovirally transfected for transfer. Based on 
experience, each experimental group needs ta have 10-12 mice far statistical and biologic 
relevance (see references below). To estimate sample size of recipients needed to reach a 
stattstical significance with 95% confidence using a two-tailed method where beta is 0.20, a 
computer program was used. Mean and standard deviation values from previous experiments 
performed under this protocol were used in the program. As part of these studies, we need to 
establish the role of regulatory T cells (and specific T cells) in tolerance. 

We use one donor for every 2 recipients, and transfer B cells transduced with viral vectors for lg 
fusions proteins with MOG or OVA (control) that are target antigens in MS (as well as control 
constructs). Therefore, groups of at least 20-24 mice are needed as recipients, and 10-12 mice as 
donors, and each experiment is repeated for statistical significance. The experiment is repeated for 
statistical significances based on the Pl's experience with this model and precedence in the field. 

The estimated total number of mice is based an the principal investigator's extensive experience in 
this experimental system, the requirement to repeat experiments for validation and to obtain 
significance. We have requested this annual total of mice as determined by many years of prior 
experience in this and similar experimental systems (historical justification; see references below). 
The mice will be used in a series of linked studies that involve the induction of tolerance via gene 
therapy of transplanted B cells, the fate of target T cells and the rote of regulatory T cells, and the 
assessment of clinical symptoms and immune responses. While it is impossible to detail the 
outcome of all experiments and to predict the specific fate of any single experimental group ahead 
of time as experiments are planned based on ongoing results, a typical set of experiments is 
delineated below. Every effort is made to ensure the scientific utility of data derived from each 
animal used in this study by monitoring, evaluating and modifying group size as needed to obtain 
clear and consistent data. Every effort will be made to minimize the numbers of mice used without 
compromising research results. 

V.3.5.3. Replacement: No computer or in vitro simulation is available as replacement. 

V.4. Technical Methods: Tissue Harvest: Mice whose tissues will be used as donor will be 
euthanized via C02 asphyxiation as described in Section V.4.6. Spleens and/or lymph nodes are 
removed aseptically, and B cells are purified using magnetic beads (positive selection) or antibody 
+complement (negative selection), then stimulated in vitro with Lipopolysaccharide (LPS) for 
retroviral transduction. Retroviral vectors containing the CNS proteins (or OVA) fused to lgG heavy 
chain are used to transduce the cells via standard procedures. These B cells are then adoptively 
transferred into na'lve or immunized mice of each strain to test our tolerogenic protocol. 

Monitoring of EAE: Experimental Allergic Encephalomyelitis (EAE) is an autoimmune disorder 
characterized by a chronic relapsing, and remitting paralysis secondary to central nervous system 
(CNS) demyelination caused by T cells, and mice can go into remission even after development of 
stage Ill disease. Animals are monitored daily and investigators will inform the animal care staff of 
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the condition of the animals so that they can be carefully monitored. Mice will be monitored by the 
above investigators for disease daily and EAE will be scored as follows: (I) flaccid tail, (II) partial 
paralysis of 1 or 2 limbs or flaccid tail with ataxia, (Ill) total paralysis of 2 limbs, {IV) paralysis of 
more than 2 limbs, (V) moribund. All mice will be weighed at stage 111 of EAE, when paralysis 
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Ms developed in both hind limbS, we will start putting paper bedding in the cages (a much softer 
bedding the conventional one). At this stage, we will also provide saturated gel so that the Mic~ 
don't become dehydrated. Hydration will be monitored by physical examination. Moreover, at this 
stage Ill, the animal will be relocated to a separate cage if there are signs of injury by other animals. 
Food pellets will also be put on the cage floor for easier access. In animals at grade Ill or IV, the 
urinary bladders will be expressed daily by the investigators. Heat supplementation will be provided 
if necessary. 

Note that due to the apparent severity of symptoms relative to aeeess to food; water, urine and 
possibly fecal retention, we will continue to fully document each animals grade classification with 
daily obseNations and performanoe of functions, Le., body weight, hydration, evidence that food 
has been accessed, urine expression, etc. These records will be monitored periodically by a 
consulting veterinarian, and the IACUC. 

Alternative EndoointsJ<bil~J 
(b)(4) 

b)(4> I Additionally; if animals show continued 
lack of mobility and access to food or become moribund (i.e. display ruffled fur, immobility using 
Tront J)aws, dehydration, 20% weight loss) they will be euthanized. In order to determine weight 
loss, mice will be weighed at the time of immunization and then monitored periodically after that. 

•This period Is based on the fact that a number of mice can recover within this period of 
tlme. and that in many cases, additional analysls of the phenotype of cells In the peripheral blood 
may need to be followed to understand mechanisms (rise in suppressor T cells, cytokine profiles, 
etc.). Note that the paralysi~ per se is painless. so tnat the main issue is access to foOd and water. 
which we provide daily. Under other circumstances. however, mice are euthanized at 60 days after 
immunization. 
See below for further detail$, 

Euthanasia & Tissue Harvest: Mice will be euthanized via C02 asphyxiation followed by 
cervical dislocation. ihe following tissues will be naivested: spleen and 
draining lymph nodes (popliteal and inguinal chain): 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 1164 

V.4.1.1.1.1. 

\1.4.1.1.1.2. 

V.4.1.1.1.3. 

C_o_lu_m_rLC: 

Column D: 

Column E: 
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S,Rtcles: Mus 
musculus 

#1 (C57BU6} 
226 

504 

Species: Mus 
museulus 
#2 (Balb/c) 

264 
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V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

V.4.1.2. Pain Relief I Prevention: 

Species: Mus 
musculus 

#3 (0011.10} 
132 

Species: Mus 
musculus 
#4 (202) 

36 

Experimental Allergic Encephalomyelitis (EAE) is an autoimmune disorder characterized by a 
chronic relapsing, and remitting paralysis secondary to central nervous system (CNS) demyelinatinn 
caused by T cells, and mice can go into remission even after development of stage Ill disease. 
Animals are monitored daily and investigators will inform the animal care staff of the condition of the 
animals so that they can be carefully monitored. At stage Ill ofEAE, when paralysis has developed 
In both bind limbs, we will start putting paper bedding in the cages (a much softer bedding the 
conventional one). At this stage, we will also provide saturated gel so that the mice don't 
become dehydrated. Hydration will be monitored by physical examination. Moreover, at stage 
Ill, the animal will be relocated to a separate cage if there are signs of Injury by other animals. 
Food pelJets will also be put In the bedding to make easy access to food. In animals at grade III 
or IV, the urinary bladders will be expressed daily by the investigators. Heat supplementation 
will be provided if necessary. 

Note: due to the apparent severity of symptoms relative to access to food, water, urine and posslbly 
fecal retention, we will continue to fully document each animals grade classification with daily 
observations and performance of functions, i.e., body weight, hydration. evidence that food has 
been accessed, urine expression, etc. These records will be available to be monitored periodically 
by a LAM veterinarian, and the lACUC. 

V.4.1.2.1. Anesthesia/Analgesla!Tranquilization: General anesthesia (isoflurane) and topical 
anesthesia (tetracaine) will be used for retro-orbital bleeding. The procedure for isoflurane 
anesthesia is as follows: Mice will be anesthetized with isoflurane + 100% oxygen, 500-1 OOOml/min 
(0.5-4% induction, 0.5-3% maintenance). lsoflurane will be delivered using a precision vaporizer vii! 
a rodent anesthesia machine. Induction will occur in an appropriately-sized clear viewing chamber. 
Following induction, mice will be moved to the stereotaxic device and maintained via nose cone. 
Lack of paw-pinch reflex will be used to ensure adequate depth of anesthesia prior to beginning 
procedure. Waste anesthetic gases will be passively scavenged using a charcoal filter. Topical 
anesthetic eyedrops will be applied directly to the eye. Analgesia is not recommended in our 
experiments, as it may strongly influence the fate of T-cell subsets studied in our experiments. 
Analgesics may interfere with these studies since they are known to modulate the immune 
response. For example, see Carrigan KA, Saurer TB, Ijames SG and Lysle DT, 2004. 
Buprenorphlne produces naltrexone reversible alterations of immune status Internal. 
lmmunopharmaco/. 4:419-28 for details and for additional citations. Euthanasia of mice does not 
require monitoring for pain as the C02 euthanasia is a non-painful procedure. Collection of blood 
from the vein tail is a minimal distressful procedure that will take less than 1 min per mouse. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: After tail snips (for genotyping), 
ear punching (for identification}, blood withdrawal, and injections mice will be observed for a period 
of time to be certain they are not experiencing excessive pain and/or distress or bleeding. For 
procedures that require it, silver nitrate and/or clean gauze/paper towel will be used to stop any 
bleeding that occurs. During the course of experiments involving EAE, animals will be observed 
daily to monitor any paralysis and to ensure that the animals have access to food and water. 
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V.4.1.2.3. Paralytics: N/A 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: Animal Welfare Information Center (AWIC), PubMed, Agricola 

V.4.1.3.2. Date of Searcti: July 29, 2013. 

V .4.1.3.3. Period of Search: 1990-2013 

V.4.1.3.4. Kev Words of Search: Animal testing, Multiple Sclerosis/EAE animal alternatives, 
mice, multiple sclerosis, pain, alternatives to complete Freund's adjuvant. alternatives tc footpad 
immunization, alternatives to painful or distressful procedures in mice 

V.4.1.3.5. Results of Search: 3 references, one relevant. For example: Rodrigues DH, Sachs D, 
Teixeira AL Mechanical hypernociception in experimental autoimmune encephalomyelitis. Arq 
Neuropsiquiatr. 2009 Mar;67(1 ):78-81. Footpad injections replaced by flank and base of tail 
(SubQ}. 

V.4.1.4. Unallevlated Painful or Distressful Procedure Justification: Injections of adjuvants 
(complete Freund's adjuvant, CFA) are necessary to obtain significant immune responses to some 
of our experimental proteins. See V.4.1.2. 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Surgery: NIA 

V.4.3.1. Pre-surgical Provisions: N/A 

V.4.3.2. Procedure: N/A 

V.4.3.3. Post-surgical Provisions: N/A 

V.4.3.4. Location: N/A 

V .4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Major Survival OD!ratlve Procedures: N/A 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: N/A 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: Intravenous (i.v.) Tail Vein Injections: Under constant surveillance. mice will 
be placed in a clean cage under a heat lamp for 1-3 minutes, so that tail veins will dilate. One at a 
time, the mice will be removed from the cage, placed in the Mouse Tail Vein llluminator device 
(Braintree Scientific) for restraint, tail wiped with a 70% ethanol soaked gau:ze pad, and using a 27G 
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needle attached to a 0.5cc syringe injected with 100-200µ1 cells or fusion constructs diluted in 
sterile saline depending on the experiment. 

Intravenous (i.v.) Retro-Orbital Injection {alternative to tail vein): The animal is anesthetized with 
isoflurane/tetracaine and placed on a clean paper towel on the bench top with eye to be injected 
facing up. Using the thumb and forefinger, gently retract the skin around the eye so that the eyeball 
protrudes slightly. Using a 27G needle attached to either a 0.5cc or 1cc syringe, insert the needle 
bevel up into the medial canthus until it hits the orbital bone and pull back slightly. The needle 
should be at a 45 degree angle to the nose. Inject 100-200µ1. Slowly remove the needle and apply 
light pressure with sterile gauze to control any bleeding that may occur. Care should oe taken to 
avoid applying too much pressure around the trachea, which may result in cutting off the animal's 
airway. Also, avoid inserting the needle too far into the retro-orbital space a.s fiis may puncture the 
orbital bone behind the eye, causing the agent to be injected into the skull. Finally, care must be 
taken to prevent movement of the needle once it is inserted to avoid rupturing the blood vessels 
behind the eye. A minimum of one day between injections is required and no more than two 
injections per mouse (one per eye) will be given. This procedure is well tolerated by the animals 
and is routinely used in many laboratories. 

lntraperitoneal (i.p.) Injections: All i.p. injections will use a 27G needle attached to either a 0.5cc or 
1 cc syringe in a volume of 200µ1. Prior to injection, site will be swabbed with 70% ethanol. Sterile 
saline will be used as a diluent. (experiment 1, MOG +Alum is ip) 

Subcutaneous (s.c.) Injections: All s.c. injections will use a 27G needle attached to a 0.5cc or 1cc 
syringe. Total volume injected will not exceed 100µ1. Prior to inject;on, site wm be swabbed with 
70% ethanol. 

Blood Collection: Blood collection will occur through the retro-orbital sinus. The procedure is as 
follows: 

Mice are placed in the chamber of the isoflurane vaporizing machine until they are sufficiently 
anesthetized. Mice are then removed from the chamber by the base of tail and placed on their side 
on a clean surface. The mice are then grasped by the scruff of the neck using the thumb and index 
finger. A clean capillary tube is then placed near the posterior portion of the eye and then slowly 
inserted into the retro-orbital sinus and gently rotated between the fingers until blood flow 
commences. No more than 200µ1 shall be collected. Once the capillary tube ls removed, gentle 
pressure will be applied to the eye with a clean gauze pad/towel. Mice will be observed for a 
sufficient period of time post bleed to confirm bleeding has stopped. 

V.4.4.2. Biosamples: Blood collection: 0.2ml blood collected with mouse under anesthesia 
(isoflurane). Frequency of bleeds is listed within each experiment. 

Tissue collection: Draining lymph nodes and spleen will be removed after euthanasia. 

V.4.4.3. Adjuvants: Complete Freund's Adjuvant (CFA), Alum 

Our lab is interested in developing techniques to regulate (eliminate) the immune response to a 
variety of proteins that are being attacked by the body in autoimmunity. We are researching ways to 
tolerize the immune system to prevent destruction of the body's own cells. Specifically, we are 
studying a mouse model of multiple sclerosis known as EAE. This is a well-established model that 
requires the use of complete Freund's adjuvant (CFA) to elicit a robust immune response. We have 
attempted to use alternative adjuvants in the past, however we have found that they do not 
sufficiently stimulate the immune system. 
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In our study, the use of CFA will be limited to the initial immunization with antigen. The route of 
administration will be subcutaneous into the flank and base of tail (O.OSmUsite). Prior to 
immunization, the injection site wiii be clipped of fur and swabbed with betadine and alcohol. Post 
injection, animals will be monitored daily for any advenie reactions, If necessary, the injection site 
will be disinfected and bandaged. If the animal is observed to be in pain/distress and that 
pain/distress cannot be alleviated; euthanasia will be employed, 

V.4.4;4, Monoclonal Antibody CMAbS) Production: NJA 

V.4.4.S. Animal Identification: Ear Clip: mice will be restrained by hand and ear(s) wm be 
punched using a commercially available ear punch for identification purposes. Alternatively, mice 
may have numbered tags attached to their ears. 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: NIA 

V.4.4.8. Tlssye Sharing: NIA 

V.4.5. Study EndDOint: Euthanasia. Euthanasia is allowed for veterinary staff if animals appear 
moribund and Pl staff informed. 

V.4.6. Euthanasia: Using a compressed gas cylinder containing C02 and a flow rate of> 2 liters 
per minute. introttuce 100% C02 into the cage containing the mice. Within two minutes the mice 
should be unconscious. Observe mice for a period to confirm that they have stopped breathing. 
Remove mice from the cage and ensure death by eel'Vical dislocation. 

V.5. Veterinary Care: 

V.5.1. Hus1>1ndry Considtratlons: Except as noted below, routine animal husbandry will be 
provided in accordance w ith LAM Husbandry SOPs for each species in this protocol. 

V.5.1.1. Study Room: 

1 
.... <b""")(G ... ) ______ L fbJ<6) 

Building(s) Room Number(s) ... L ----------

V.5.1.2. Special Husbandry Provisions: 

Food Restriction: Yes No x 

Fluid Restriction: Ye~ No x 
V.5,1.3. Ex:ceptic;ms: NIA 

V.5 • .2. Vtterinorv Medical Care: 

V.5.2.1. BouUa! Veterinary Medical Care: Monitor animals on a daily basis for unexpected 
illnesslinj u ry. . . 
V.5.2;2, Emeraancx Veterinary Medical Care: All emergency, weekend. and holiday care is 
provided by two animal husbandry technicians, one or more veterinary technicians, and an onw<:all 
veterinarian. Essential husbandry procedures and health rounds are conducted by LAM personnel 
once daily during weekend and holidays. 
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V.5,3. En\lironmental Enrichment: 

V.5.3.1. Enrichment Strategv: Except as indicated below, all animals en this protocol wm be 
provided with routine environmental enrichment in accordance with LAM SOPs and IACUC Policies. 
Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: NIA 

\II. STUDY PERSONNEL QUALIFlCATlONS ANO TRA!NltiG: 

STUDV PERSONNEL QUAUFlCA'flONS/TRAJNING 

Protocol activity or 
procedure (e.g., tail 

vein injections, Name of person 
euthanasia) oerformina activity 

Colony fflOMgemenl \UJ(O/ 

Animal observation 
lnjoolions 
Retro-orbital blood 
coliectlon 
C02 Euthanasia/cervical 
dislowtion 
Geno typing 
Anesthesia 

Animal obseNation 
Injections 
Retro-orbital blood 
COll<Jelion 
C02 Euthanasia/cervical 
disk>eatlon 
Genotyping 
Anesthesia 

AfiiFMI oboorvatiun 
Injections 
Relro-tJrbltal blood 
collection 
C()i Euthanasia/cervical 
<iis!Ocalion 
Genotyplng 
Anesthesia 

Atiimal observation 
Injections 
Ra1r0>orbltol blood 
colleetiOn 
C02 Euthanasia/ceNir.al 
diskicatiOli 
Genotyping 
Anesll'le$1a 

Animal observation 
Injections 
R.e~orbital l:>IOOd 
collection 
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Qualifications of Specific training ln 
person performing this activity or 

activity (e.g., M$earch procedure (Etg., 
technician, 2 yrs rodent handling class, 

exoerience) 1999) 

He has fifteen years USUHS f nvestigator 
of experience in training, Fall 2010 
mouse related wor1t 
and will be further 
trained in all 
prooedures relevant 
to this .. I by Or. 
(b)(6) I 
He has twelve years USUHS Investigator 
of experience in training, Fall 2010 
mouse related wor1t 
arid Will be further 
trained in all 
procedures relevant 
...... thi~ ';" .... _ •.• ;:_ by Or. 

f.UJ\OJ I 
He has eight years of USUHS Investigator 
experience in mouse training, Rodent 
related work aM will Handling. Spnng 
be further trained in 2011 
all procedures 
relevant. to this 
orotocol bv DrJ(bJ\ol 

She has three years USUHS lrwestigator 
of experience in training, Rodent 
mouse related work Handling Spring 
and will be further 2011 
trained in all 
procedures relevant 
ti'\ this JO ~- r by or. 

(b)(6) I 
He has five years of USUHS Investigator 
experience in mouse training, Spring 2012 
related work and will 
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I Ctb Euihanasla/cervicai ! 
1 dislocation ; 

Ganotyping 
Anesthesia 

Animal observation (b )(6) 

lniections 
Retro-orbital blood 
collection 
C02 Euttw1nasia/cei\'iea1 
dislocation 
Genotyplng 
Anesthesia 

Principal Investigator 
.Animal observation 

-

Vil. BIOHAZARDS/SAFETY: 

VIII. ENCLOSURES: 
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be further trained in 
all procedures 
relevant to this 
Qrototol __ bv Or.l(b)(aJ 

He has five years of USUHS Investigator 
e><perience in mouse training, Rodent 
related work and will Handling, Spring 
be further trained in 2011 
all procedures 
relevant to this 
or9tocol bv DrJl0JtDJ 

He has over 40 years 
of experienc;ein 
mouse related work. 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol , I acknowledge my responsibilities and provide 
assuranoes for the following; 

A. Animal Use; The animals authorized for use in this protocol will be used only in the 
activities and in the manner desaibed herein, unless a modification is specifically approved by the 
IAOUC prior to Its implementation. 

B. Dupllc.aUon of Effort: I have made a reasonable, good faith effort to ensure that this 
protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is ciualified to 
evaluate the statistical design or strategy of this proposal, and that the "minimum number of animals 
needed for :scientific validity are used." 

D. Biohazard\Saftty: I have taken into consideration and made the proper coordination 
regarding all applicable rules and regulations concerning radiation protection, biosafety, 
recombinant issues. and Stl forth, in th4! preparati<>n of this protocol. -

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the 
procedures I manipulations, 

F. Training: I verify that I have attended the USUHS Investigator/Animal user Training 
Course. 

06/01/13 
Principal lnvestigat<>r Signature Date 

G. Training: The following personnel will attend the next USUHS Investigator/Animal User 
Training Course: 

H. Responsibility: I acknowledge the inherent moral, ettlical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all indi-.ifduars 
associated with this project will demonstrate a c-0ncern for the health, comfort, welfare, and 
well-being of the research animals. Additionally, I pledge to conduc1 this study in the spirit of 
the fourth "R" that the OOD has embraced, namely, "Responsibility~ for Implementing animal 
use alternati\'es where feasible and conducting humane and lawful research. 

t. Principal Investigator Signature 

Painful Procedure(a): 
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Date 
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I am conducting biomedical experiments which may potentially cause more than momentary or 
slight pain or distress to animals. This potential pa in and/or distress WILL or WILL NOT be 
relieved with the use of anesthetics, analgesics and/or tranquil izers. I have considered alternatives 
to such procedures; however, us ing the methOds and sources described in the protocol , I have 
determined that altemative proc«Jures are not available to accomplish the objectives of this 
proposed experiment. 

Principal Investigator Signature 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Numl!er: 

B. Animal Protocol Title: Gene Therapeutic Approach for Tolerance Induction to Cognate 
Antigens and EAE in Mice 

C. P[i;nclpal lnyestigator:J<6)(6) 
p>( ) 

0. Performing Organization: USUHS 

E. Funding: NIH/NIAID 

r:bo 

I. F. Objective and &>Rroach: Multiple sclerosis (MS) is an immune-mediated disease 
in which certain cells from the immune system attack and destroy parts of the central 
nervous system (CNS), in particular the myelin sheath that surrc1.mds nerve fibere and 
aids in signal transduction and the nerve fibers themselves. This disruption of nerve 
impulses can tie debilitating, With symptoms ranging from mild (limb numbness) to 
severe (paralysis/loss of vision). While the exact cause of MS is not known, it is believed 
tMt a number of factors play a role in diSease development. among them an abnormal 
immune response. Our lab has been interested in investigating the role that the immune 
system plays in MS. We nave shown that when antigens are linked to protein, called an 
immunoglobulin "carrier", they can specifically inhibit the reactivity of the immune system 
(tolerance) to the linked protein antigens. In this protocol, we will use Experimental 
Allergic EncephalOmyelitis (EAE), a mouse model which re~emble$ MS. This is a wen~ 
established experimental model for multiple sclerosis that induces an impaired ability to 
walk and possibly can ~use some muscle paralysis in the rnice over a period of d~ys to 
weeks. Mice will be injected with a protein from mouse brain together with an agent 
facilitatinQ aevel®ment of white blood cells (called T cells} that attack brain proteins, 
leading to tissue destruction. Treatments with modified immune cells from other mice will 
be tested to determine if such treatments might pre~nt or alleviate the impaired 
movement induced by the injection of brain proteins. We also are developing soluble 
fusion proteins built on the lgG scaffold to facilitate tolerance without cell transfer. 

G. Indexing Terms (Descriptors): animals, EAE, MS, tolerance 
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UNIFORMED SERVICES UNIVERSITY OF TliE HEALTH SCiENCES 
4301 JONES BRIDGE ROAD 

fi~TH~SDA, MARYi.AND 20li 4-47i2 
http:/fwww. u11 uhs.m II 

June 19, 2013 

~tEMORANOUM FOR DR}._6X_5> __ __.loePARTMENT OF MEDICINE 

SUBJECT: IA CUC Approval of Protocol ~Initial Review 

The following application was reviewed and approved by the Uniformed Services 
Uruversity of the Health Sciences (USUHS) Institutional Animal Care D.rid Uge Committee 
(IACUC) via Designated Member Review on June l 9. 20 13: 

Animal Protocol Title: "T Cell Trafficking o.ttd Retention in an Autoimmune Mouse Model., 

lJSUHS Protocol Number: .... r_>
15
_> ___ __. 

Expiration Date: June 18. 2016 

Supoortioi Grant(s) Nwnber: l ... '.6_)<
6
_> __ ___. 

Name of Principal Investigator: Dr,L..ltb_l<6_>~===' 

The USUHS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal Welfare (OLA W), National lnstitutes of Health (NIH). The Assurance Number is 

lt6R6> I The IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniver.swy date of lhc protocol. If work is to be continued past the 
expiration date, a trieMial review must be completed prior to lhe expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the lACUC may send reminders, it is the 
investigator's responsibility to submit an annual review fonn (Fonn 3206A) at least 30 days in 
advance, or a new Fonn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MN((b)(6) ~o schedule 
a pre-protocol planning meetingl<6>t5> I This meeting must occur to ensure animal nwnbers 
are loaded in the CART system and LAM resources 11re a\lailable to meet your needs. 

cc: 
Office of Research 

1: '---------JI Ph.D. 
Vice-Chair, Institutional Animal 

Care and Use Committee 

Learning ttJ Care for 1hose ;"Harm's i-tOy 
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PROTOCOL TITLE: T cell trafficking and retention in an autoimmune mouse model 

GRANT TITLE Uf different from above): Molecular mechanisms of secondary T cell 
recruitment to established CNS lesions 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR: ._l<b_)c6_> __ __.I MED.I ._tb)_c6i ___ __. 

ANIMAL PROTOCOL TITLE: T cell trafficking and retention in an autoimmune mouse 
model 

GRANT TITLE (if ditf&rent from above)! Molecular mechanisms of secondary T cell 
recruitment to established CNS lesions 

USUHS PROJECT NUMBER:l .._(b~>(6~) ~.......i 

CO-INVESTIGATOR(S): N/A 

TECHN,CJANS(S): N/A 

I. NON-TECHNICAL SYNOPSIS: Autoimmune diseases are extremely complex 
disorders that result from the immune system attacking its own tissues. Autoimmune 
diseases, including multiple sclerosis (MS), affect approximately 10 million individuals in 
the United States alOne. Here we will study one of the more prevalent autoimmune 
diseases, MS. a disease that can result in severe and chronic disability. MS is an 
autoimmune disease in Which the immune system attacks the myelin sheath that is 
e.ssential for transduction of nerve impulses in neurons. MS Is a progressive disease 
which can initially cause multiple neurological symptoms and ultimately leads to 
paralysis, disability and death. The immune processes leading to C1utoimmunity in MS is 
initiated and coordinated by T lymphocytes. a type of white blood ceU that also directs 
healthy Immune responses. T lymphocytes that are specific for endogenous products 
(autoantigens) become activated and traffic to the central nervous system (CNS) or 
brain in the case of MS. The goal of this study is to understand the mechanisms T cells 
use to traffic to and be retained within the CNS using a mouse model of MS. We will 
analyze the extrinsic and intrinsic signals that control T cell migration and retention 
within the CNS during neuroinflammatory disease. 

II. BACK9ROUND: 
11.1. Background:. In these studies, multiple techniques will be utilized to 

detennine how T cell migrate through tissue in the s1eady state and during 
inflammation, and their fate following induction of inflammatory lesions. Analysis of the 
role of T cells in autoimmune disease requires the u se of animal models and there are 
well-characterized models of autoimmune diabetes and MS in mice. For Induction of 
autoimmunity in mice, we will use established models for experimental autoimmune 
encephalomyelitis (EAE) (the mouse model for MS). To generate a population of 
autoreactive T cells that can be analyzed and tracked, we will utilize adoptive transfer 
techniques for induction of EAE. This system will utilize an in vivo priming/adoptive 
transfer method to allow introduction of pathogenic T-cells without the potential 
experimental complications associated with direct induction of disease. This adoptive 
transfer model will be utiliz-ed to assess the phenotype and functional capabilities 
associated with T-cell trafficking to the central nervous system, the site of pathogenesis 
for MS. Further, we will examine the importance of recognized adhesion molecules, 
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including VLA-4 and LFA-1 and e.ffector functions inclu~· ~~llW.&lml.1.;UIJ~1..biaru:l......""'i 
interferon gamma (IFN- to the · atho enesis of EAE. 
() 

e hypothesize that the experiments outlined in this proposal will allow us to 
identify the signals and properties of T cells that invade tissues in autoimmune disease 
and determine their fate once tissue destruction in achieved. These findings wUll also 
allow us to identify specific T-cell components necessary for disease induction. 
Ultimately, the information found through the proposed study would demonstrate novel 
targets for therapeutic treatment of autoimmun<!! diseases su~h as MS. All of the animal 
studi$s and exoedments described in this protocol are supported by either a grant from 
th~(b ) ~r Institutional Start-up Funds. 

11.2. Literature Search for Dupllcatlon: 

11.2.1. Literature Source(s) Searched: DOD Biomedical Research Database, 
NiH Reporter. PubMoo 

11.2.2. Date of Search: 03/2912013 (DOD BRO, NiH Reporter), 5/22/13 (PubMed) 

11.2.3. Period of Search: 1990-2013 

11.2.4. KoiWords and Sea1te.h Strategy: "Multiple Sclerosis T cells trafficking, Multiple 
Sclerosis T cells retention, EAE T cells retention" for NIH reporter and DOD BRD, 
Rodentia .. [Mesh) AND (migration OR trafficking OR retention) AND C'Multiple 
Sclercsis"[Mesh) OR "Encephalomyelitis, Autoimmune, Experimental"[Mesh]) AND "T
lymphocytes"[Mesh) for PubMed 

11.2.5. Results of Search: 242 hits. none duplicative. No relevant results were found. 
our studies will be describing currently unknown pathogenesis pathways relating to T 
cell retention within the brain and spinal cord. At this time we are the leading edge of 
this topic of inquiry. . 

Ill. OBJECTIVE\HYPOTHESIS: Our objective is to use an animal model of Multiple 
Sclerosis (MS) to identify vital components of nervous system inflammation in order to 
target these components for therapeutic Intervention in humans. Our hypothesis Is that 
T cell retention is a requisite component for induction of autoimmune lesions in the brain 
and spinal cord, We expect that disruption of the processes utilized by T cells to remain 
within the nervous system would prevent or even reverse the associated inflammation 
and cllnlcal symptoms. 

IV. MILITARY RELEVANCE: Multiple sclerosis (MS) can be debilitating and is one of 
the most common causes of disability in non-elderly adults. Our research is aimed at 
modulating the effects of neurolnflammatlon. Understanding how to reverse 
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neuroinflammatory states such as those found in MS is relevant to the general health of 
the military population and their families. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

V .1.1. Experiment 1: The objective of this experiment is to generate T cells specific for 
myelin proteins and control T cells specific for a non-self-antigen (ovalbumin). These T cells 
will be further propagated by in vitro culture to produce pathogenic T cells lines that will 
subsequently be used for induction of EAE by adoptive transfer in vivo. We will generate these T 
cells in 5 different mouse strains: two different B6 congenic mouse strains that express a T cell
specific marker allele (CD45. l and CD90. l ), in a mouse strain that is deficient in IFN-y 
production (IFN-y KO mice). and in CD45.l and CD90.l congenic IFN-y deficient mice to 
define the mechanisms of IFN-y action in EAE induction, maintenance, and resolution. For each 
line 10 mice {CD90.l, CD45.1, IFN-y KO, CD45.1 IFN-y KO, orCD90.l IFN-y KO) will be 
immunized with antigen and adjuvant as described below. Following immunization mice will be 
rested for 10 days. then euthanized by C02 asphyxiation/cervical dislocation as described below. 
Axillary lymph nodes and the spleen will be recovered and treated with peptide, cytokines, and 
irradiated spleen cells recovered from naive C57BL/6 mice in standardized sterile practices 
necessary to produce T-cell lines specific for the hnmunizing antigen. We estimate 20 lines from 
each group will be required to fulfill the experiments described below. In total we will need 500 
C57BU6 (treated as Category C), and 200 CD90. l, 200 CD45 .1, 200 IFN-y KO, 200 CD90.1 
IFN-y KO, and 200 CD45.l IFN-y KO all treated as Category E mice. 
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Antigen Experimental (n=10, 
presenting cells (1 10, 10, 10, 10)x20 
per every 2 line 
mice)(n=500 

-+ Immunization wit BL/6) 
antigen and CFA 

h 

Euthanize and Harvest tissue 10 days 
later 

I 
Passage 4 times and 
freeze down remaining 
cells 

\ 
Inject for induction of EAE 

V .1.2. Experiment 2:Thc purpose of these experiments is to determine the relative capacity of 
the cell lines developed in Experiment l to induce EAE in. vivo. T cell lines specific for myclin 
proteins will be generated from wr or IFN-yKO congenic mice as described in Experiment 1, 
and transferred into healthy C57BIJ6 host mice, and the induction of EAE will be monitored by 
analyzing the behavior and clinical signs of EAE as described below to determine whether 
Classical or Atypical_EAE is induccd . ...2, mice per group will be injected with I of 2. titrated 
doses of pathogenic EAE inducing T-cells (1, 2.5, 3.75, 5, and 10 x 106 cells) derived from cell 
lines established in Experiment I; Mice will be examined for clinical symptoms as described 
below. After 35 days (corresponding to classical EAE disease induction, peak, and resolution) 
mice will be perfused and euthanized as described to allow histochemical analysis of the brain 
and spinal cord. Experiment will be repeated J times to insure adequate representation of the 
data. This group of experiments will require 375 C57BL/6 mice all treated as Category E mice. 
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C57BL/6 
(n=375) 

I 
I I 

Induction of EAE with titrated doses of WT, Induction of EAE with titrated doses 
CD90.1, or CD45.1 \nterferon gamma of CD90.1 or CD45.1 86 T-cells (1 , 

2.5, 3.75, 5, and 10 x 106 cells) deficient pathogenic T-ce!ls (1. 2 .5, 3.75, 5, 
and 10 x 106 cells) (n=75x3). (n;:50x3) 

Analyze Clinical symptoms (day 1-35) 

, 
Euthanize and extract spinal cord, 
cerebellum, brain stem, spleen, lymph 
node and blood 

I 

Examine cell numbers and types by 
now cytometry and/or 
lmmunohistochemistry 

V .1.3. Experiment 3: The purpose of this experiment is to analyze the gene e1tptession pattern 
in the brai n and CNS following induction of the two forms ofEAE (classical and atypical 
fonns). Mice will be injected with optimal doses (as detcnnined by experiment 2) of pathogenic 
T cells derived from cifher WT or Interferon aroma deficient mice as shown in Bi<. ~rimcnt L 

then euthanized and perfused as 
'-d-:-cs-cn~. b-ed"":"":"'in_s_ec-. ~rio_n_V~. 4:--_ 6"'".~H ... arv_es_t_ed~ti_ss_u_e-w"""il"""J-.t _e_n..,..,e utilized for mRNA examination. 
Experiment will be repeated 4 times to insure adequate representation of the data. This group of 
experiments w1ll require 120 C57BU6 mice with 80 treated as Category E mice and 40 as 
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Category C mice. 

C57BU6 
(n=30x4) 

Control Experimental 
{n=10) (n=20) 

I 
I 

Induction of EAE with Interferon gamma Induction of EAE with wild type T-
deficient pathogenic T-cells {n=10) cells (n=10) 

l 
7. 14, and -21 days 1 , 7, 14, and -21 days 

Inject with 50 µg lsotype control Inject with 50 µg GK1 .5 anti-CD4 IV 
antibody IV for invasion studies for invasion studies 

I 10 minutes or 24 hours 
I 

Euthanize and extract spinal cord, 
~ cerebellum, brain stem, spleen, lymph 

node and blood 

I 

Reverse transcription for mRNA 
expression studies 

V.1.4. Experiment 4: The objective of the experiment will be to detennine the effect lesions 
induced by IFN·'Y deficient effector cells will have on CNS cell expression patterns at various 
times following induction of the atypical EAE. 5 mice per group will be injected with various 
doses (subclinical, low disease (peak clinical scores of ~2), high disease (peak clinical scores of 
3-4) inducing doses) of pathogenic EAE inducing T-cells derived from Interferon gamma 
deficient mice in Experiment 1. Mice will then be injected with WT EAE inducing T cells or 
control T cells at various time points after the initial injection (Day 0, I, 3, or 5 days after disease 
onset in control mice). Mice will then be examined for disease symptoms as described below 
before being euthanized 35 days later. Harvested tissue will be utilized for flow cytometric and 
histological examination. Experiment will be repeated 4 times to insure adequate representation 
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of the data. Thus these experiments will require 540 C57BL/6 all treated as Category E mice. 

C57BU6 
(n=135x4) 

I 

Control: receives Experimental: receives 
only IFN-y subclinical, low, or high 
deficient dose of IFN- y deficient 
cells(n=15) cells (n=135) 

/] 
l I / I 

I 

Receives WT Receives WT Th 1 Receives WT Th 1 Receives WT Th1 
Th1 MOG or MOG or OVA cells MOG or OVA cells MOG or OVA cells 
OVA cells at at Day 3 after initial at Day 5 after initial 24 hours after 
Day 0 of injection (n=15,15) injection (n=15,15) disease onset 
initial injection (n;;;;15,15) 
(n::15,15) Check for clinical symptoms 

I I of atypical disease Day 1-35 
--

after initial injection 

Euthanize and extract spinal cord, 
cerebellum, brain stem, spleen, lymph 
node and blood at day 35 

I 

Examine inflammation and pathology 
by lmmunohistochemistry and/or flow 

cytometry 

V.1.5. Experiment 5: The objective of this experiment is to determine how prior classical 
EAE CNS lesion development influence secondary EAE lesion localization within the brain and 
spinal cord. 5 mice per group will be injected with pathogenic EAE inducing T-cells or 
ovalburnin specific cells derived from CD90.1 WT mice. Mice will then be injected with WT 
CD45.l EAE inducing T-cells 7 days, 21days,35 days, and 90 days after the initial injection. 
Mice will be perfused and euthanized as described in section.4.6 7 days later. Harvested tissue 
will be utilized for histology and flow cytomtery. Experiment will be repeated 4 times to insure 
adequate representation of the data. Thus, these experiments will require 240 C57BL/6 mice 
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with 160 treated as Category E and 80 as Category C. 

Experimental: 
receives WT CD90.1 
ovalbumin specific T 

cells 

C57BU6 
(n=60x4) 

Experimental: 
receives WT CD90.1 
marked pathogenic 

T-cells 

I 
Receives WT CD45.1 marked 

pathogenic T-cells at day 
7,21,35 or 90 (n=5,5,5,5) 

Con trot 
receives 

only 
OVATcells 
(n=5,5,5,5)) 

I 

Receives WT CD45.1 marked 
pathogenic T-cells at day 7,21 ,35 or 

90 (n=S,5,5,5) 

-
Euthanize and extract spinal cord, 
cerebellum, brain stem, cerebrum, 

spleen and lymph nodes 7 days later 

I 
Analysis of tissue invasion 

V.1.6. Experiment 6: the objective of this experiment is to determine if induction of atypical 
EAE disease requires similar molecular markers to those previously reported to be required for 
induction of typical EAE. Both WT and IFN-y R 1 KO mice will be injected with an optimal 
dose of pathogenic EAE inducing T-cells derived from WT mice or a control line specific for 
ovalbumin generated in Experiment 1. 2 days before or after 0, 3, 5, or 10 days mice will be 
injected with purified antibody specific for a T-cell marker or a control antibody with the same 
immunoglobulin isotype then perfused and euthanized as described below. Harvested tissue will 
then be utilized for flow cytometry and/or histological examination. These experiments will be 
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repeated 4 times for each antibody. These experiments will require 460 C57BU6 mice and 380 
IFN R 1 KO . all t ted C E . -gamma mice rea as ategorv mice. 

T-cell lines 
Receives I 
isotype control I Experimental: 

Control: IFN-
antibody to IFN-gamma R1 

gamma R1 KO 
match KO receives 

1 Control: C57BU6 pathogenic line receives 
treatment ovalbumin T cell 
(n=20,20,20) receives (n=90) 

pathogenic line 
,___ line (n;;;:S) 

(n=120) 

I \ 

\ \ I 
Receives Receives anti-VLA- Receives anti-VLA-4 Receives 

anti-VLA-4 4 (200 µg), or anti- (200 µg), or anti- anti-VLA-4 

(200 µg), or LFA-1 (500 µg), or LFA-1 (500 µg), or (200 µg), or 

anti-LFA-1 anti-IL-17 (200 µg) anti-IL-17 (200 µg) anti-LFA-1 

(500 µg), or treatment at day 3 treatment at day 5 (500 µg), or 

anti-IL-17 following injection following injection anti-IL-17 

(200 µg) (n=5,5,5) (n=5,5,5) (200 µg) tat 

treatment at day 10 

dayO (n=5,5,5) 

(n=5,5,5) Check for clinical 
1 symptoms of disease 

on days 1-35 

1 

Euthanize and extract spinal cord, 
cerebellum, brain stem, spleen, lymph 
node and blood on day 35 

I 
Examine cell numbers and cell entry 

by flow cytometry and/or 
lmmunohistochemlstry 

V .1. 7. Experiment 7: The objective of this experiment is to determine if IFN-y deficient 
effector cells are capable of exacerbating disease directly in lesions already formed by IFN-y 
sufficient effector cells or form new lesions. Mice will be injected with pathogenic EAE 
inducing T-cells or ovalbumin specific T cells derived from CD90.1 or CD45.1 WT mice 
generated in Experiment 1. Mice will be examined for the development and resolution of EAE. 
After EAE resolution mice will then be injected with additional doses of pathogenic EAE 
inducing T-cells derived from Interferon gamma deficient mice. Mice wiU be examined for 
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relapse of disease. At the peak of relapse mice will be perfused and euthanized. Harvested tissue 
will be utilized for histology. Experiment will be repeated 5 times to insure adequate 
representation of the data. These experiments will require 225 C57BL/6 mice all treated as 
Category E mice. 

C57BU6 
(n=45x5) Control: 

receives OVA 

Control: receives Experimental: Th1 (n=20) 

WTTh1 (n=5) receives WT -
Th1 (n=20) 

I I 

Receives Receives 5x105 Receives 1x106 Receives 5x106 

1x105 IFN- I FN- y deficient IFN- y deficient IFN- y deficient 
y deficient cells following EAE cells following EAE cells following 
cells resolution resolution EAE resolution 
following (n;;;;S,5) (n=5,5) (n=S,5) 
EAE 
resolution 
(n=5.5) 

Euthanize and extract spinal cord, 
cerebellum, brain stem, spleen, lymph 
node and blood at day 35 

\. 

Examine inflammation and pathology 
by lmmunohistochemistry and collect 

tissue by laser capture 

rlment 8: The objective of this experiment is to determine if induction of 
second EAE disease requires similar molecular markers to those previously reported to be 
required for induction of typical EAE. C57BL/6 mice will be injected with an optimal dose of 
pathoge ic EAE inducing T cells derived from WT mice. After 5 days (preclinical), 17 days 
(peak), r following resolution of acute EAE disease mice will receive a second dose of MOG 
specific AE inducing cells. Concurrently or on days 3 and 5 after the second encephalitogenic 
cell dos mice with be injected with purified antibody specific for a T-cell marker or a control 
antibod with the same immunoglobulin isotype, then perfused and euthanized. Harvested tissue 
will the be utilized for flow cytometry and/or histological examination. These experiments will 
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be repeated 5 times. As such these experiments will use 300 C57BU6 mice in Category E. 

l 
Receives 
anti-VLA-4 
(200 µg), or 
anti-LFA-1 
(500 µg), or 
anti-IL-17 
(200 µg) 
treatment at 
dayO 
{n=5,5,5) 

C57BU6 receives 
pathogenic line (n=60x5) 

I 5 days, 17 days. or following 
I acute EAE resolution 

C5 7BU6 receives 
second dose of 
pathogenic line 

I 
I 

Receives anti-VLA-
4 (200 µg), or anti
LFA-1 (500 µg), or 
anti-IL-17 (200 µg) 
treatment at day 3 
following injection 
(n=S,5,5) 

I 
Receives anti-VLA-4 
(200 µg), or anti
LFA-1 (500 µg), or 
anti-IL-17 (200 µg) 
treatment at day 5 
following injection 
(n=5,5,5) 

Check for clinical 
1 symptoms of disease 
~------ on days 1-35 after 

second injection 
1 

Euthanize and extract spinal cord, 
cerebellum, brain stem, spleen, lymph 
node and blood on day 35 

Examine cell numbers and cell entry 
by flow cytometry and/or 
lmmunohistochemistry 

Receives isotype 
control antibody to 
match treatment 
(n=S,5,5) 

V.1.9. Experiment 9: The objective of this experiment is to determine if administration of 
nonanedioic acid is sufficient to block antigen specific T cell entry into an inflammatory site. 
C578U6J mice will be inununized subcutaneously (SQ) with 100 mg chicken ovalbumin 
(Sigma) in complete Freund's adjuvant in two 50 ul volumes as described below in section 
V.4.4.1 in compliance with USUHS IACUC policy #2 regarding the use of complete Freund's 
adjuvant. Then, 3 d later, ovalbumin-primed mice will be challenged by intraperitoneal injection 
of 100 mg ovalbumin dissolved in 250 ul double-distilled water with or without 2.5 mM 
nonanedioic acid or 1 mM pentanol. After 24 hours these mice will be euthanized by C02 
asphyxiation/cervical dislocation and peritoneal lavage with 5 ml PBS will be done with direct 
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visualization of the peritoneal sac and its contents to avoid peripheral blood contamination. 
Harvested lavage will be counted and examined by flow cytometry. Experiment will be repeated 
5 times to insure adequate representation of the data. Thus, these experiments will require 75 
C57BL/6 mice a11 treated as Category E mice. 

Control: receives 
100 mg ovalbumin 

(n=5) 

~------

C57BU6 
receives 

ovalbumin in 
CFA (n=1 Sx5} 

3days 

Experimental: 100 
mg ovalbumin and 

2.SmM nonanedioic 
acid (n=S) 

Euthanized and analysis of peritoneal 
lavage 

Experimental: 100 
mg ovalbumin and 

1 mM pentanol (n=5) 

V.1.10. Experiment 10: Objective: To determine if various in vitro treatments are 
sufficient to block T cell recirculation from peripheral tissue to the lymphoid compartment.. 
C57BU6J mice will be euthanized and nai've T cells separated from spleen and lymph nodes. 
Separated T cells will be incubated in sterile conditions for I hour with or without 2.5 mM 
nonanedioic acid, lmM pentanol, 10 um sp-5,6-cBIMPS, IO uM RP·CMAPs, or luM FTY720. 
Cells will then be transferred to mice via subcutaneous injection into the footpad. After 16 hours 
these mice will be euthanized by C02 asphyxiation/cervical dislocation and spleen, contra and 
ipsilateral popliteal, inguinal, and axillary lymph nodes recovered and examined for T cell 
accumulation. Recovered T cells will be counted and examined by flow cytometry. Experiment 
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will be repeated 5 times to insure adequate representation of the data. Thus, these experiments 
will require 300 C57BL/6 mice, with 150 considered Category E and 150 Category C. 

Control: receives 
1x107 T cells 

(n=5x5) 

C578U6 Spleen and 
lymph node T cells 

recovered 
(n=30x5) 

1 Uf 

Experimental: 
receives 1x107 pre

treated T cells 
(n=5,5,5,5,5)x5 

Euthanized and tissue examined for T 
cell Infiltration 

V.1.11. Experiment 11 the objective of this experiment is to determine if various in vitro 
treatments are sufficient to block T cell recirculation from peripheral tissue to the lymphoid 
compartment. C57BL/6J of GNAL KO mice will be euthanized and naive T cells separated from 
spleen and lymph nodes. Separated T cells will be incubated in sterile conditions for I hour with 
2.5 mM nonanedioic acid (NA). Cells will then be transferred to mice via subcutaneous 
injection into the footpad. After 16 hours these mice wi11 be euthanized by C02 
asphyxiation/cervical dislocation and spleen, contra and ipsilateral popliteal, inguinal, and 
axillary lymph nodes recovered and examined for T cell accumulation. Recovered T cells will be 
counted and examined by flow cytometry. Experiment will be repeated 5 times to insure 
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adequate representation of the data, thus,these experiments will require 60 C57BIJ6 mice (10 
Category C and 50 Category E) and 10 GNAL KO mice all Category C. 

C57BU6 (n=2x5) 
Spleen and lymph 

node T cells recovered 
treated with NA 

C57BU6 Control: 
receives 1x107 T 

cells (n=5x5) 

1 hour 

GNAL KO (n=2x5) 
Spleen and lymph 

node T cells recovered 
and treated with NA 

C57BL/6 
Experimental: 

receives 1x107 pre-
treated T cells acid 

(n=5x5) 

Euthanlzed and tissue examined for T 
cell infiltration 

V .1.12. Experiment 12: The objective of this experiment is to detennine if administration 
of nonanedioic acid is sufficient to block antigen specific T cell entry into an inflammatory site 
in the absence of GNAL. C57BU6J or GNAL KO mice will be immunized subcutaneously (SQ) 
with 100 mg chicken ovalbumin (Sigma) in complete freunds adjuvant in two 50 ul volumes as 
described in section V .4.4.1. Then, 3 d later, ovalbumin-primcd mice will be challenged by 
intraperitoneal injection of 100 mg ovalbumin dissolved in 250 ul double-distilled water with or 
without 2.5 mM nonancdioic acid or I mM pentanol. After 24 hours these mice will be 
euthanizcd by C02 asphyxiation/cervical dislocation and peritoneal lavage with 5 ml PBS will 
be done with direct visualization of the peritoneal sac and its contents to avoid peripheral blood 
contamination. Harvested lavage will be counted and examined by flow cytornetry. Experiment 
will be repeated 5 times to insure adequate representation of the data. Thus, these experiments 
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will require 75 C57BL/6 mice and 75 GNAL KO mice all treated as Category E mice. 

Control: receives 
100 mg ovalbumin 

(n=5) 

C57BU6 GNAL KO 
receives 

ovalbumin in 
CFA (n:;;15x5) 

3days 

Experimental: 100 
mg ovalbumin and 

2.5mM nonanedioic 
acid (n;;:5) 

receives 
ovalbumin in 

CFA (n;;:15x5) 

Experimental: 100 
mg ovalbumin and 

1 mM pentanol (n;;;5} 

Euthanized and analysis of peritoneal 
lavage 

V.1.13. ExReriment 13: The objective of this experiment is to determine if administration 
of nonanedioic acid is sufficient to block T cell entry responses to chemokines in the absence of 
GNAL. C57BL/6J or GNAL KO mice will be euthanized by C02 asphyxiation/cervical 
dislocation. Harvested spleen cells will be examined for trafficking capacity to CCL2 l, 
CXCLl 2, or CXCLl 0 following treatment with or without 2.5 mM nonanedioic add (NA) or 1 
mM pentanol (PS). Experiment will be repeated 5 times to insure adequate representation of the 
data. Thus, these experiments will require 25 C57BL/6 mice and 25 GNAL KO mice all treated 

USU HS Foon 3206 - Revised October 2008 
Previous versions are obsolete 

16 



as Category C mice. 
,--~~~~~~~~~ 

C57BU6 Spleen and 
lymph node T cells 

recovered treated with 
NA, PS, or untreated 

(Sx5) 

I 

-

GNAL KO Spleen and lymph 
node T cells recovered treated 

with NA, PS, or untreated 
(5x5) 

1 hour 

Place in transwell with or without CCL21 
or CXCL 12, or CXCL 10 after 16 hours 

examine for trafficking 

V.2. Data Analysis: All statistical tests will be performed using Prism GraphPad. The 
significance of the responses will be analyzed by students' t test or analysis of variance 
(including tukey's subtests) tests as appropriate given the numbers of groups utilized (t 
test for experiment 11, ANOVA for all others). To determine the appropriate number of 
mice tested for each experiment we utilized a web based power calculator 
(http://homepage.statuiowa.edu/-rlenth/Power/index.html ) and our prior knowledge of 
the variability within the system and to determine appropriate sample sizes. We set our 
alpha error rate to correspond with the literature standard of 0.05. We set our beta error 
rate to the conservative literature standard rate of 0.10. We set the influence of random 
effects to be within 1.33 standard deviations and the minimal detectable difference to be 
a 0.8 unit contrast in the observed clinical scores. We made our assumptions based on 
previously observed variability of EAE clinical scores. 
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V.3. Laboratorx Animals Required and Justification: 

V.3.1. Non .. animal Alternatives Considered: Alternative methods for studying 
autoimmune disease outside of in vivo approaches do not currently exist. The studies 
supported by this protocol specifically examine in vivo autoimmune pathogenesis, a 
phenomena without an in vitro equivalent. Further, our studies will be describing 
currently unknown pathogenesis pathways. The complex and unknown in vivo factors 
regulating pathogenesis preclude use of current in vitro or computer based models. 

V.3.2. Animal Model and Species Justification: 
Mice were chosen based on the similarities between the models utilized and 

human autoimmune disease. In addition, mice are a very well characterized model 
system, with a multitude of immunologically relevant mouse specific tools available. No 
smaller, less sentient mammalian species with appropriate genetic components and 
inflammatory responses are readily available for studying these aspects of 
autoimmunity. Examination in non-mammalian species is problematic as the 
autoimmune disease modeled is only known to occur in higher vertebrate species. 
Current in vitro systems do not recapitulate the complex interactions between the cells 
and extracellular components necessary to model the interactions of T -cells with the 
target organs of interest. In silica models are insufficient for dissection of pathogenic T
eall interactions with target tissues due to the vast number of still unknown players that 
play a role in the examined processes. 

The C57BL/6 (86) background was chosen for the EAE studies due to the 
similarities between the disease model and autoimmune mediated CNS disease in 
humans. The 86 model provides a well described system that has been used in many 
published studies for examination of mechanisms involved in autoimmune mediated 
CNS diseases such as MS. Information gained from this system has already proven 
translatable to improved treatment of human disease. In addition. the 86 background is 
widely used for production of genetically altered mouse strains providing vital reagents 
for examination of molecular mechanisms of pathogenesis. As such the reagents 
necessary for these stud[es are readily available. 

V.3.3. Laboratory Animals 

SQ!cies #1 
V.3.3.1. Genus & Species: Mus Musculus 

V.3.3.2. Strain/Stock: See table 

V.3.3.3. SourceNendor: See table 

V.3.3.4. Age: 6-24 weeks 

V.3.3.5. Weight: 20-27 g 

V.3.3.6. Sex: Male and Female 
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V.3.3.7. Soecial Considerations: N/A 

V.3.4. Number of Animals Required (by Species): Mlce-4785 

Strain Source Sex Total # 
{for 3 yrs) 

C578U6/CR :oKG) M 3295 

IFN·oamma KO M 200 
IFN·gamma KO-CD45. 1 • M/F 100/100 

IFN-gamma KO-C090, 1 " Mlf 100/100 

IFN-gamma R1 KO \O)~OJ M 380 

C57BU6-Ly5.2/CR (Called C045. 1 here} M 200 

C578L/6J-CD90.1 M 200 

GNALKO • M/F 55155 

V.3.5. 8efl.nement. Reduction. Replacement (3 Rsl: 

V.3.5.1. Refinement: All animals with EAE are observed daily for advan<;ed disease. If 
advanced disease is detected food and water sources on the floor of the cage will be provided. 
In addition animals will be euthanized if they meet any of the alternate endpoint criteria outlined 
in section V4.5. Analgesics were considered but cannot be used to relieve pain due to their 
effects on the immune and neuronal cells being tested. 

V.3.5.2. Reduction: The estimated total number of mice is based on a power analysis 
utilizing the principal investigator's extensive experience in this experimental system, as well as 
the requirement to repeat experiments for validation of results. every effort is made to ensure 
the scientific utility of data derived from each animal used in this study by monitoring, evaluating 
ano modifying group s12e as needed to obtain clear and consistent data. Every effort will be 
made to minimize the numbers of mice used without compromising research results. 

V.3.5.3. Replacement: All of our studies require animals with an intact immune system, 
and therefore can not be replicated in vitro. For details please see the literature seach for 
alternatives. the description of data analysis, etc ... 

V.4. Technical Methods: 
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V.4.1. Pain LDlstrass Aasessment: 

V.4.1.1. APHIS form 7023 Information : 

V.4.1.1.1. Number of Animals: 

1m!l.t C579U61CR y yKO yKO yR1 CD45.1 C090.1 GNAL 
fl KO CD45.1 CD90.1 KO KO 

V.4.1.1.1 .1. 640 805 0 0 0 0 0 0 35 

~12•1i1m11 ' : 
V.4.1.1.1 .2. 

t2l!il!Dll Q: 
V.4 .1.1.1 .3. 3945 2490 200 200 200 3SO 200 200 75 

Column E: 

V.4.1.2. Pain Relief I Prevention: 

• V .4.1.2.1. Anesthesia/ Analgesla/TranquH1zatlon: Anesthesia will be used for 
terminal procedures (500 mg/kg 2% avertin). Avertln fs used in terminal 
procedures to prevent disturbance of the T cell and nervous tissue cell subsets 
studied in our experiments that can occur with other anesthetic methods. 
Compounaing of avertin Will occur as follows (2% PBS mixture will be Sterile 
filtered with a 0.2 micron filter then stored and used under sterile conditions. 
Compounded Avertin will be kept at 4°C in dark containers to prevent 
photodegredation. Soultion color (clear) and pH (>5) will be checked before each 
use. All solutions will be labeled with date of manufacture and discarded after 4 
months.) 

V.4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: 
Monitoring of EAE: Experimental Allergic Encephalomyelitis (EAE) is an autoimmune 
disorder characterized by a chronic relapsing, and remitting paralysis secondary to 
central nervous system (CNS) demyelination caused by T cells1 and mice can go into 
remission even after development of stage Ill disease. Ordinarily, animals will be 
monitored for clinical symptoms daily and weighed every other day to determine weight 
loss associated with autoimmune disease. Any mouse that has a clinical score of 4 or 
an inability to express urine will monitored twice daily until the symptoms have resolved 
below a clinical score of 4i to functional capacity to void the bladder. or the animal is 
euthanized. We and other labs have devised a system for classification of disease 
.seyw:il'i In both atvplcal aQd classical EAE.1{6)(4> 
l(bflli}.{b}(4f l Clinical symptom._s_wi_'_ll_be_g_r_ad_e_d_a_n_d_r_eoo __ rd_e_d_d_a-ily-u-si_n_g_, 

the following scales: 
Classical EAE symptoms 
1- Flaccid Tail 
2· Delay in righting reflex, hind limb weakness 
3· Flaccid paralysis in 1 hind limb 
4- Flaccid paralysis in both hind limbs 
5· Moribund 
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Atypical EAE symptoms 
1- Tail Rigor 
2.. Wide stance, leaning, or directed locomotion to a single side, mild ataxia 
3- Continual turning to a single side, rigor in a single limb, moderate ataxia 
4- Rolling, rigor in multiple limbs, severe ataxia 
5- Moribund 

Ataxia symptoms 
1- Mild ataxia (stumbling) 
2- Moderate ataxia (weaving) 
3- Severe ataxia (moribund) 

Mice will be considered moribund if they are found to be incapable of directed 
mobility at will. Specifically, mice with paralysis, rigor, or weakness in three or more 
limbs will be considered moribund. Additionally any mouse that is found to be incapable 
of directed continuous (lasting longer than 1s) movement due to vertigo or ataxia will be 
defined as moribund. Any mice with scores higher than a 2 on any EAE disease score 
scale will be provided with moistened food and transport gel on the cage floor to insure 
access to food and water. Hydration will be monitored by physical examination. If 
animals show signs of injury or difficulty ambulating they will be relocated to a separate 
cage to protect them from potential negative interactions with cagemates. Mice with 
distended bladders that do not urinate upon handling will be considered incapable of 
self-elimination and the bladder will be expressed twice daily until symptoms subside or 
the mouse is euthanized. Skin lesions and ulcers are expected in many of the mice 
after complete CFA administration. Lesions will be monitored for pus-like discharge. If 
such a discharge occurs mice will be euthanized. 

V.4.1.2.3. Paralytics; NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: AGRICOLA, PubMed 

V.4.1.3.2. Date of Search: 04/04/13 

V .4.1.3.3. Period of Search: All available. 

V .4.1.3.4. Key Words of Search: Alternatives to EAE, Alternatives to 
encephalomyelitis, Pain EAE 
V.4.1.3.5. Results of Search: Agri (0), Pubmed (74) None relevant. 

V.4.1.4. Unallevlated Painful or Distressful Procedure Justification: Some mice 
used under this proposal will develop EAE following treatment. The neurological symptoms 
associated with EAE will be experienced without relief for the remainder of the time described in 
individual experiment descriptions. The induction and development of EAE is vital to all major 
scientific questions addressed in this proposal. As analgesics work by modulation of neuronal 
and inflammatory processes treatment with analgesics could compromise our 
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neuroimmunological findings. It is my belief that the utilization of the EAE system will allow us 
to address unique questions relating to ncuroinflammation that may in tum provide significant 
human benefit, thus justifying the moderate and temporary pain and distress the animals may 
experience. 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Surgery: 

V.4.3.1. Pre-surgjcal Provisions: NIA 

V.4.3.2. Procedure: NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Maior Survival Operative Procedures: NIA 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: N/A 

V.4.4. Animal Manipulations: 

V .4.4.1. lniectlons: IP injection - A 27 gauge needle will be used to inject sterile 2% 
Avertin (Tribromoethanol)/PBS (for anesthesia prior to exsanguination via cardiac 
puncture), or MOG peptide or Ovalbumin/PBS (for recovery of peritoneal leukocytes), 
or400 ng of pertussis toxin in PBS (for active induction of EAE) into the recipient mice. 
All IP injections will be done with 200 ul of volume. IV injection- into lateral tail vein will 
be done using a 27 gauge needle to adoptive transfer encephaUtogenic or control T 
cells, or to administer purified monoclonal antibodies in PBS. For all IV injections no 
more than 0.2mls per injection will be administered, SQ injection- For induction of EAE 
and development of antigen specific cell lines, subcutaneous injections of CFNPBS 
emulsion containing MOG peptide or ovalbumin will be done using a 25G needle into 
the upper trunk -2cm caudal and ventral to each forelimb in a total volume of 50 µI per 
site. 

Treatment Dose 
(concentration) 
Avertin 500 mg/kg 
(2 % in PBS) 
Pertussis Toxin 20 mg/kg 
{2 ug/ml) 
MOG peptide 1 OOuglmouse 
(0.5 mg/ml in 
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IP abdomen 0.2 ml 27 ga 
1hin 

IP abdomen 0.2 ml 27 ga 
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IP abdomen 0.2ml 27 ga 
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PBS) 
Ovalbumin 1 OOug/mouse Once IP abdomen 0.2 ml 27 ga 
(0.5 mg/ml in %in 
PBS) 
T cells .5-10 x106 up to 2 IV Lateral 0.2 ml 26 ga 
(in PBS) cells/mouse tail vein ~in 

Purified 1-100 mg/kg once IV Lateral 0.2 ml 26ga 
monoclonal tail vein ¥4 in 
antibody 
(1-100 UQ/ml) 
MOG peptide 50ug/mouse Once SQ Upper 0.1ml 25 ga 
(0.5 mg/ml in trunk 1in 
CFNPBS 
emulsion) 
Ovalbumin 800ug/mouse Once SQ Upper 0.1mL 25 ga 
(8 mg/ml in trunk 1in 
CFNPBS 
emulsion) 

V.4.4.2. Blosamples: 
Once mice are euthanized, we will perform aseptic removal of liver. lung, lymph 

node (LN), pancreas, spleen, and CNS tissue for in vitro analysis and T-cell separations 
using standard techniques. For removal of the spleen an incision will be made near the 
left flank of the mouse, the spleen lifted up with a forceps and cut away from the tissue 
fascia with surgical scissors. Lymph nodes (lN) will be removed from the intestines 
(mesenteric lymph node (MlN)), from peripheral sites such as the popliteal lN (PlN) in 
the legs, from the upper torso (axillary lymph node (AlN)) and from the pancreatic area 
(PLN). The central nervous system will be removed in multiple sections, separating the 
cerebellum and brainstem, the remaining brain, and the spinal cord. Each portion of the 
CNS will be removed whole following perfusion. The brain will be exposed by removal 
of skin and the cranium with scissors. The spinal cord will be removed as a piece 
following removal of the dorsal side of each vertebra using scissors. The lungs, liver, 
and pancreas will be also be removed following perfusion. 
We will obtain mouse peripheral blood for screening of peripheral T cells in mice. For 
obtaining peripheral blood, mice will be immobilized using a table top cone mouse 
immobilizerand a sterile 27 gauge needle will be used to prick the tale aver a vein. -20 
ul of blood will be removed via tail bleeding into a heparinized capiUary tube. Blood will 
then be stained and examined by flow cytometry. If mice do not immediately stop 
bleeding following collection pressure will be applied to the site of puncture with a sterile 
gauze strip until hemostasis is achieved. Each mouse will be screened via blood 
sampling no more than twice, once for screening purposes and once to examine T cell 
populations. 
I am very experienced with mouse bleeding (13 years' experience), and these 
procedures are performed efficiently, minimizing discomfort to the mouse. For 
screening mice, bleeding will be done between 4 and 8 weeks of age. For quality 
control, transgenic mice will routinely be screened once every month, (or up to once 
weekly as necessary). 
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V.4.4.3. Adjuvants: Freund's adjuvant has been commonly used for decades in 
immunologic studies in mice and while multiple adjuvants are sufficient to induce EAE in 
rats, CFA is thought to be uniquely capable of reliably generating autoimmunity in mice 
(Stromnes and Goverman 2006). As such for these studies, no adequate substitute is 
available. Mice will be treated with CFA containing either the MOG immunodominant 
peptide or the protein control ovalbumin. We will utilize subcutaneous injections of 
CFA/PBS emulsion containing MOG peptide or ovalbumin will be done using a 25G 
needle into the upper trunk -2cm caudal and ventral to each forelimb in a total volume 
of 50 µI per site. Mice will be watched for development of adverse reactions and 
subsequent euthanasia as described in section V.4.5. 

V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 

V.4.4.5. Animal Identification: Within each experimental iteration mice will be 
identified through use of ear punch as outlined below (V.4.4.7). Using a location code 
for punch placement we can identify up to 99 mice/experiment. 

V.4.4.6. Behavioral Studies; NIA 

V.4.4.7. Other Procedures: Mice will be restrained by hand and an ear punch will be 
utilized to produce specific marks. Prior to use of the ear punch the area to be marked 
and the punch will be treated with 70% isopropanoL Mice will be marked immediately 
prior to use and as such mouse age will depend on the age (4-8 weeks}at time of 
usage. 

V.4.4.8. Tissue Sharing: Unused tissues will be available after termination of 
experimental procedures with the understanding that mice have been manipulated and 
may have disease-associated tissue inflammation. 

V.4.5. Study Endpoint: Euthanasia at pre-determined time. Alternatively mice will be 
euthanized if they are judged to be moribund or display any of the following criteria 
associated with EAE development: 

i. total weight loss exceeding 20% of body weight at start of experiment. 
ii. fnability to rest. 
iii. Hunched posture, head tucked into abdomen, lethargy lasting for >24 hours. 
iv. Any condition that interferes with fecal or urinary elimination. 

or development of other issues sometimes found in the mouse population: 
v. Formation of multiple sores on tail. 
vi. Diarrhea, if debilitating or prolonged over 3 days. 
vii. Spreading alopecia that covers -25% or more body surface area. 
vm. Excessive scratching with associated scabbing 
ix. Persistent coughing, labored breathing, or nasal discharge. 
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x. Jaundice. 
xi. Bleeding from any orifice and/or prolapse. 
xii. Pus-like discharge from sores. 

V.4.6. Euthanasia: In general mice will be euthanized with C02 from a regulated tank 
with input at .5-1 liters/minute (10-30% volume displacement per minute) until 
respiratory arrest is clear followed by cervical dislocation as recommended by the 2013 
AVMA Guidelines for the Euthanasia of Animals. For experiments that require 
harvesting tissue used in determination of mRNA expression the long timing and 
induction of anoxla associated with C02 asphyxiation is problematic and so mice will be 
euthanized by cervical dislocation following high dose {500mg/kg) avertin anesthesia. 
Mice will be tested for deep anesthesia as evidenced by a lack of response to foot 
pressure prior to dislocation. Finally, because cervical dislocation disrupts the 
architecture of the spinal cord, it cannot be utilized as a primary method of euthanasia 
when intact spinal cords are required. As such, for all studies that utilize CNS tissue, 
mice will be euthanized by exsanguination via cardiac perfusion under high dose 
(500mg/kg) avertin anesthesia injected intraperitoneally followed by perfusion with ice 
cold PBS. 

V.5. Veterinarv Care: 

V.5.1. Husbandrv Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

V.5.1.1. Study Room: 

Building(s) ------- Room Number(s)LAM Procedure room 

V.5.1.2. Saeclal Husbandry Provisions: 

Food Restriction: Yes No x 

Fluld Restriction: Yes No x 
V.5.1.3. Exceptions: None 

V.5.2. Veterina!J Medical Care: 

V.5.2.1. Routine Veterlnarv Medical Care: Animals will be cared for by LAM 
personnel according to LAM SOPs. We will also monitor daily and weigh every other 
day following development of EAE clinical symptoms. Food and water sources will be 
placed on the floor of the cage as needed for animals that may have difficulty accessing 
the normal feed and water sources. 

V.5.2.2. Emergency Veterinary Medical Care All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
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tectmicians. and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrict'lment in accordance with LAM 
SOPs and IACUC Pollcies. Ex~mple$ inelude nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restriction§: None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONSfTRAINING 
Qualifications of Specific training in 

Protocol activity or person performing this actiVity or 
procedure (e.g., tail activity (e.g., procedure (e.g .. 

vein injections, Name of person research technician, rodent handling 
euthanasia) 09rformina activity 2 vrs experience) class1 1999} 

Colony ,DJ{ll) I PhD 13 years experience l\U)\O) I 
management. with mouse IACUC Tr2jnl~ 
genotyping, animal maintenance and 1999~oj(Sj I 
observation, handling including l\OJ(ti) llACUC 
injections, tissue previous experience Trainin~ 2004( 
sampling, in all procedures [6)<~! I euthanasia listed in the protocol 

IACUC rodent 
handling and 
investigator training, 
2008, USUHS 
IACUC training 
4/4/13 

-

VII. BIOHAZARO§/SAFETY: We will follow all regulations on handling mice as per 
instructions received during the USUHS IACUC courses. Routine PP~ (lab coat, mask, 
gloves) will be worn when working with animals to reduce the potential exposure to 
animal allergens. Blood withdrawal and spleen collection (after euthanasia) will be 
handled in a sterile hood in LAM facility. Sharps will be disposed of as instructed by 
EHS policy. 

VIII. ENCLOSURES: None 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statlstlcal Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

D. Blohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

Principal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 
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I) y(t-tl t$ 
Date 

I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distres-s to animals. This potential pain and/or distrec&s 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

r%) lure :ti; 11~ 
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X. PROTOCOL.ABSTRACT: 

A. Animal Protocol Number: 

B • . Animal Protocol TUle: T cell trafficking and retention in an autoimmune mouse 
model 

C. Principal Investigator: ._!<°_)(
6
_) ___ _....IPhD, Department of Medicine 

D. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: -$50,000 

F. Obiective and Approach: The long-term objective is to understand and identify 
the necessary components involved in T cell mediated autoimmune attack that occurs in 
neuroinflammatory diseases like multiple sclerosis (MS). In this protocol, we will use 
Experimental Allergic E.neephalomyelitis (eAE) as a demyelinating autoimrm.me disorder 
resembling MS. Our hypothesis is that discrete molecular components will be required 
to retain T cells long term within the CNS. This long term population appears to be 
involved in the continuation and/or reactivation of lesions within the brain and spinal 
cord. The objective is to identify vital components of this T cell retention future for future 
therapeutic targeting. Previous wotk within the model used here have been shown that 
information gained In the mouse system Is uniquely applicable to multiple sclerosis 
treatment. However deleterious effects associated with established treatment limit their 
utility, AS such there is a great need for new and better therapeutics, 

G. Indexing Tums (Descriptors}: Experimenta' allergic encephalomyelitis (EAE), 
multiple sclerosis. mice, autoimmunity 

References: 

(b)(6) 

Slromnes, 1. M. and J. M. Goverman (2000). •ActiV& inducticm of experim~ntaf al/6rgic 
encephalomyelitis." Nat Protoc 1(4): 1810-1819, 
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UNIFQRMeD SERVICES UNIVERSITY OF iHE HEAL TH SCIENCES 
4301 JONeS BRIOGt; ROAD 

BETHESDA, MARYLAND 2081~-4799 

May21, 2014 

MEMORANDUM FOR DR.j ... 16
_><
5

_> ______ I DEPARTMf:.N r OF MEDICINE 

SUBJECT: I AC UC Approval of Protocol - lnhial Review 

The following application was reviewed and approved hy the lJnifom1ed Services 
University of the Health Sciences (USUHS) Institutional Animal C:JtC and Use Committee 
(IACUC) via 1:-un Committee Review on May 21, 2014: 

An:imul Protocol Title: ''Generation of Therapeutic llumtm rmti-Influenn• Virus Antibodies 
(HAIVA) using DRAG mice" 

USUJIS Protocol Number: f .... 6_l(6_> _ ___ _, 

£xpir'1tion Date: May 20, 2017 

Supponinij Grant(s) Numbcd._b)_W_I ___ _, 

1amc of Princ,;ipul Investigator: Dd'-~-H6_1 _____ _, 

l'he USU! IS has an Animal Wclfwc AssW1:lOcc on file with the Office for Laboratory 
J\nfo1al Welfare (OLA W). National lni,;titutes ofl ll!altb (NIH). The Assurance Number is 

fb)(6) I The lACUC approved the above rd'crtncc:d application ns suhmitted. 

An annual review is required for each of the lhrce years of thi~ protocol. This r\!view 
must be completed hy the anniversary dalt! of the protoc<>I. If work. isl<) be continued past the 
ex.piration date, a tricnni.al review must be completed prior 10 Lhc expiration date in order for 
work to he uninterrupted. Protocol expirati.on Jares mo.y Ol)l be extended. and no animal work 
may be done without an approved protocol. Although the IACUC may send remindcrs1 it is the 
inw.stigator's responsibility to .submit an annuul review form (Fom1 3206A) at least 30 days in 
advance, or a new Form :3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order. please coatact MAJlC6H6l ho schedule 
a prc~protocol planning meetingf6)t6} I This meeting must occur to ensure animal numbers 
are loaded in the CART system and LAM resources are available to meet your needs. 

( ) 

Ph.D. ----c air, lnstitutiooal Anjmal 
Care and Use Committee 

cc: 
Office of Research 
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USU HS FORM 3206 
AINIMAL SiUOY PROPOSAL 
PROTOCOL COVEIR SHEIET IAClJC Date Stamp 

( 

--,~-x6->~~~~~~~~ 

PROTOCOi.. NUMBER:'========' 

PROTOCOL TITLE: "Generation of Therapeutic Homan anti-Influenza Virus Antibodies 
(HAIVA) Using DRAG mice" 

GRANT fn"L.E (if different from abcwe): 

USUHS PROJECT NUMBER: ._l

16
l_<
5

_> __ ___. 

FUNIDING AGENCY; USUHS 

EARL.lf;ST ANTICIPATED FUNDING START DATE; JAN 01.2014 

PRINCIPAL INVESTllGATOR: ..... r_)<e_) _____ I MO. 

Prlneip;:ll lnvesitgator ', 1gnmure 
I 

MED I ~(6~)(6~1 ........ ---....-~~ 
Department Office/Lao i elephone 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific 
review and is_c_p~tent with .QQ..d scientific research practice. 

1
(6)(6) 

Professor . 
Title Telephone 

STATISTICAL RIEV~EW: A person knowledgeable in biostatlstics reviewed th is 
proposal to ensure that the number of animals u.sed is appropriate to obtain sufficient 
data and/or is not e.xcessive, and the statistical design is appropriate for the intent of the 
study. 

MED ~!<b_l<6_> ________ __ 

Depanment Telephone 
t,1,/" ~'/z-,,v 
Date 

ATT,ENDING VETERINARIAN: In accordance with the An imal Welfare Regulations, 
the Attending Veterirnariarn was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
rel'ieve:d by anesthetics o:r analgesics. 

r~ 
Altehd'1ng/Consulting Veterinarian Signature 
Typed Name!{bJ(6) pvM 
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.ANIM_Al PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR: Dr. l ..... (6_)<

5
_> ------~ 

:ANllllAL PROTOCOL TITLE: 11Generation of Therapeutic Human anti-Influenza Virus 
Antibodies (HAiVA) Using DRAG mice" 
mi.ANT TlflE lit diffexe11Umm abaJ£eJ: 

USllHS P'ROJECT NUM_BER: ..... l(b_l<
5
_) ----

CO~INVESTIGATOR(S),: Drs~ .... (
6

_>

16
_1 --------

TECHNICIANS(S}: 

II. HON-'TE<C;HNICAL SYNOPSIS: Influenza viral vaccination using mixtures of egg
Clllltured virus strairns isolated from the lungs of recently infected people can provide 
protection to 60~70% of iridiVlduals. Thus, conventional flu vaccines require yearly 
1preparatio:n due to seasonal chan,ges in the structure of viral proteins (antigen drift or 
-shift) that lead to timrnune evasion that result in a less efficiency of a previous year 
vaccine preparation. The 1Prepatation process and testing of a new flu vaccine reQuires 
'(:5 .. ,8 months. The vaccine ls less efficient in elderly, immunocompromised individuals, 
and child-ren due to a poor and respectively, immature immune system. Some 3.000 
deaths occurred between the years 1986~87 and arouna 50,000 in the year between 
2003-04 by non~endemk, seasonal influenza infection in USA according to the CDC 
1re1Ports{Centers for Disease & Prevention, 2010). Furthermore, current therapeutic 
procedures for 1Pat~ents with acute flu pulmonary infection rely mostly on palliative 
treatment that does not address viral clearance from the system, and their efficacy 
depends greatly on the antiviral resistance to the drug and the immune status of each 
rindlvidual to dear the infe·ction. 

Our proposal a1ims at designing of a new class of anti~viral therapeutics, Human Anti-
1influenza Virus Antibodies (HAIVA prep) for critical conditions like acute pulmonary 
ijnfection (with different types of flu viruses); and for vaccination purposes in imminent flu 
1endem1ics. HAIVA prep consists of a cocktail of 1'fully human" antibodies able to 
1neutraiize a large number of influenza virus strains regardless the seasonal antigen drift 
and the immune status of an individual. Generation of HAIVA preps relies on our newly 
developed humanized DRAG mouse (Danner et al., 2011) (patent recently licensed by 
.Jacksons labs) and our preliminary data showing the possibility of generating fully 
lhuman antibodies against flu and rri.c:ilaria. HAIVA preparation Is designed for human 
1Use and to lac'k the side effects of conventional flu vaccines, ex. Allergy to egg, 
cardiovascular and kidney complications, joints inflammatory syndrome, etc. HAIVA 
shelf-liife is expected to be several years and highly efficient regardless the seasonal 
mutations of the virus and the patient immune status. HAIVA~like preparations may 
greatly impact the way acute flu infections are treated in both the military and civilian 
1POpu~ations . They may also represent a novel platform to generate 'universal' vaccines 
for other types of infections and pathogens of bioterrorism threat 
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IX. ASSURANCES: 

As me Prind pal ~nvestigator on thi.s protocol, I acknowl€dge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the act1ivities and in the manner described herein, unless a modification is specifically 
approved by the lACUC prior to ifs implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not am unnecessary duplication of previous experiments. 

C . . statistical Assurance: I assure that I have consu lted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
'"minimum number of animals needed for scientific validity are used." 

O. Bioha.zard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
proteGtlon. b1iosafety, recombinant issues. and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
!have been properly trained to ensure that no unnecessary pain or distress w111 be 
caused to the animals as a result of the procedures I manipulations. 

F. Trainin,g: I verify that I have attended the USUHS Investigator/Animal User 
Trainrn C~o_urse. 

( 

Date 

G. Training: The following personnel wlll attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility; I acknowledge the inherent moral, ethical and administrative 
1obligatlons associaterd with the performance of this animal use protocol, ana I assure 
that aH individuals associated w1tn this project will demonstrate a concern for the health, 
comfort, weifare, and weil·being of the research animals. Additionally, I pledge to 
concluct this study in the spirit of the fourth "R" that the DOD has embraced / namely, 
"1Responsib11ity" for implementirng anirnal use alternatives where feasible and conducting 
humarne and lawful re lOJlo1 

PrfOlcipal lnvestig• 
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t Painful Procedure(:s): 

I .am conducting biomedical experiments which may potentially cause more than 
momentary or sllight pain or distress to animals. This IPOtential pain and/or distress 
WILL or WILL N:OT be re~ieved with the use of anesthetics, analgesics arnd/or 
tranquilizers. I have considered altetnafives to such procedures; however, usirng the 
methods aind sources described in the prroiocol. I !have determined that alternative 
proced · t ·oomplish the 1ol:!lject.ives of lthis proposed experiment. 

\. 
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X. PROTOCOL. ABSTRACT: 

A. Animal Protoccl Number: 

B. Animal Protocol Title: •Generation of Therapeutic Human anti-Influenza Virus 
Antibodies (HAIVA) Using DRAG mice" 

C. Principal IHveStiJ:tat~r: Dr.l ... (b-)(B_> ________ _, 

D. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: (._(6_>1a_i ____ _. 

F. Obiective and Approach: The overall objective is to provide efficient protection 
and virl.!Js claarance through heterotypiG cross-targeting the conserved regions of viral 
proteins by a generation of novel human anti~influenza virus antibodies utilizing humanized 
D'RAG mice . 

G . . Indexing Terms (Oescriptots_): 
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UNIFORMED SERViCES UNIVERSftY OF THE HEAL TH SCIENCE$ 
4301 JONE$ BRIDGE ROAD 

BH1HE1$DA, MARYLAND 20614-4799 

October 8, 2014 

MEMORANDUM FOR oR!l ... 6_)(5_) _____ ___.I DEPARTMENT OF MEDICINE 

:SUBJECT: IACUC ApprovaJ of Protocol - Initial Review 

The t:olfowi'ng application was reviewed and approved by the Unifom1ed Services 
University of the llcahh Sciences (USUJ lS) lnstitutional Animal Care and lJsc Committee 
(IACUC) via 11c.signatcd Member Review on October 8. 2014: 

AnimaJ Protocol Tit1lc: "Protective Efficacy of I lum1111 Mal1:1ria. Vaccin~s in Mice (Mus 
Muscaulus)" 

USUI IS J>rotocuJ Number: ... 1(6_>1
6_) ___ _, 

nxpiration_Oatc: October 7, 2017 

Supporting Grant(s) Number:!1b)(6) 

l'J:ame_o_Ce.dncipal fovestjgator: orf .... (b_x6_> ____ ___, 

The USUllS has an Animal Welfare Assurance on file with the Ofticc for Laboratory 
Animal Wdfarc (OLA W), National Institutes of Health {NII I). The ~:suranc~ Number is 

l(b)(e) I The IA:CUC approved the above referenced applicaLion as submitted. 

An annual review is required for each of the three years of this protocol. This review 
ffitilN1t be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration. date, a tric:nniul review must be completed ·Jll"i<Jt to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates mi:ly not be ~xtended, and no animal work 
m~y be done without an approved protoco.I. Although the IACUC may send reminders, it is tbe 
inv,1::stigator'8 ruSpt)rJ.Sibility 10 submit an annuaJ review fonn (Form 3206A) at least 30 days in 
advance, or a. new Form 3206 fdr trfonninl re-view al least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJl<bXBJ ho schedule 
a pre·protocoJ planning mcetingj<b)(a} I This meeting must occur to ensure animal numhers 
are loaded in che CART system and LAM res - · eet your needs. 

b 

air1 tHutionaJ Animal 
Care and Use Committee 

cc: 
0 ffice of Research 
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USUHS FORM 3206 
.ANIMAL STUDY PROPOSAL 
PIROTOCOL COVER SHEET IACUC Date ~stamp 

PROTOCOL NllM_flER:""r""')<
6 
... ) -------

PROTOCOL llILE! "P1ro'tective efficacy 10f hu1man malaria vacdnes 1in mice (MtJs 
musculos).;' 

G1JJANJ'_I1I__l_E m diffemnt_Jtt;tm_attoJLe,)~ 

USUHS PROJECT NU__MB_e_R:l ..... (6)_16_) ___ _. 

FUNDING AGEM_C:i~ 

EARJ..lEST ANTl_CJp;rreo EU_NDIHG STA8T_D_AIE: JAN 01 .2014 

eRINCIPAl liNVESTIGAT«>R; l16
)cs) I Mo. 

lt6){s) I MED . . 
Department Offiee/Lab Telep'hone 

S1CIENTlFIC REV~EW: This a1nima1I use proposal received appropriate peer scientific 
review and is oor11sisteint With good scientinc researclh practice. 

1~)(6) Professor . 
Title Telephone 

S_TAI[S_JJC_ALJllEY!LE_W: A person knowledgeable in biostatiistios reviewed this 
pmp:osal to ensure that the number of anlmaas used is a1Ppropriate to obtain sufficient 
da~a andlo.r is not excess~ve . . and the statist~cal design is appropiriate for the intent of the 

studyl~l:•I -I 
_ _.__ __ ----....... ~--· MED J<bX6) 

S!atistlcfan Sf~nature Oe,partmenl 'telephone 
Typed ~ame: l(bH6l 

'---~~~~ ........ 
AJ_IEJtDING 'VETE~INARIAN: In accordance with trne An1imal Welfare Regulations, 
the Attendlinig Veterinarian was consulted in the planning of procedures and 
man'ipulations that may cause more than :slight or momentary pain or distress. even if 
relieved lby anesthetics or analgesics. 
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ANIMAL fBOIOCOL NUMBER; 

PRJNClf?ALJNYESTRlATOR; Dr. ,_1(6_)<6_> ______ _. 

ANIMA!L. E?ROIOC·QI. r1r1.E: UProtective efficacy of human malarria v.accines in mice 
(Mus moscu/ust 

GRANT IITLE_jif differentfr..oJ11L1.bo-a1~ 

USUHS PROJECT NUMBER: .... llb_R6_> ___ _. 

CQ-~NVESIIGATOFUS): Orl,_(b_R6_) ___ __, 

TECHNICIANS(SJ! 

NON· IEC HNlCAL SYNOPSIS; 
Currently, th·e pre-clinical arnlmal models that ar.e used to test approa'Ches that target 
the imml.i'ne system (i.e., vaocine:s) are imperfect. Developmerit of humanized mouse 
models able to generate a -surrogate human immune system is a highly pursued goal 
for ~ nvestlgat'ing human irmmunotogy and testing human vaccines prior tb tli1nical trial. 
Unde:r this protocol we will investigate 1the immunogenicity and prote.ctive efficacy oif 
human ma~aria vaccines gener.ated in ·our lab using NMRC genetically engineerea, 
hl!lmanizred mice. We have d·emonstrated that genetically modified mice expressing 
human protein (HLA., and CD80'} and that are knockout fo1r mouse immune system 
{RAG KO, 112R KIO), namely DRAG mice, developed a functional human immune 
system Upon infusion of hunnan ihematopoietlc stem cells from umbilical cord blood. 
Our results .also indicated that the humanized mice sustain infection with Plasmodium 
falciparum as they also develop human hepatocytes and etrythrocytes -the restriction 
elemen1s for human malaria infection. 

Jo dernollstrat~ ~he protectLve efficacy~oJ:Jwealiffet~i'lil bwman_moorc_clanaL 
.anUbodles QJenernted pre_vjousty io 1heJab 1hlilt are specific for Pi CSIP (Ab~ and Ab.~2\. 
we w!ll vaccinate w~pe nnic..atbBt self~cura toolarria infect~on ( 13.Al.113/c ana C57BL/6 
mice} as well as our four strains of humanized mouse strains tHLA-DR~t RAG2KO, 
IL21RgeKO. c_oaO_ _NQD_mj.c.e_,_HL&DB4-,__A2 RA.G.2-Kfi. IL2RgcKn. INQD_mi.c.e_,_l:ILA= 
DRA. A2, RA0'.2fKQ. AbbKO. C57 rnlce, and HlLAQD Rr41 AbbKO; NOD} with human 
maoo.c1o.naLan'.~ib_o_dJe~s_AnLao_cf Ab:2'=anci.Jurtlb.er..Jn:fe_ct ttte~~ mioo_w.Ut:ut.mo.ws~L 
m~ciflc malaria strain. Plasmod!um Yoem ca strain that infects the mice bu[ net 
Jhwmans). The_ e. Y straJrihasJtie PlaSJMdium£eiJcipawm__cse__trransgettet<Py~Pf CSP 
hansgerne} Wrom P'®mottiurn Fatr;ioarum CSP krnown to infect humans.The PY·Pf CSP 
trao_s_g_ernLc_s_ttaf1JJ_cf.o_e_s_oo_Liniil!_c.Lbum.ar:ts.J1uHLdo_es infect mite. The ratuonaJe of usri 1119 
human monoclonal antilbodi·es as p:mtective agents against infections has been overtly 
aemonstratM Th~_u_s_ELoJ_Abj_ao_d...Ab,2 __ pnrp.atali.ons in these mioe is t10 test ·their 
1protedtiv1e 1Etfficacy against Py malaria carrying Pf CSJP tr:ansgene. We exp·ect that 
bindiing Alb1 and/or Ab.2 to the -sporozoites will ~mpair their .ability to reach the liver._ 
BAL'B/t and C57BUB mouse strains are used as control infecthiity. The use of 
lhwmaniz,ed mice Hs_t_o_fin_d_o.uLtb:eJ_OJ.e__o_t_\laJj.o_u_s_bumao__immu1oe mo'leeules ( cSe.e 
tnuman transgenes expressed in these mi.eel on the Py infoctivity as well as how these 
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b1.uman__m.0J.ec0u~es iaterlere wUh Py infection .uooo AbJreaitment. 
A numbfM of 70 ml~e from eacn strntn {BALB/c and C57BL.16-mice a:s_wel~ as HU\

DB·~LJ~,Af32KQ.JL2e9cKO. CDSO., NOD mice .. and HL8:DR4.A2,..J3>!\G2~;Jl2Bg,oKO . 
. NOOmlct~t and HLA-DR4 A2 • ..BA__G~KQ,_AbbJ~_Q, C51_Jmioe, ant! Hl..A~l:JR.4; AbbKfl 
NOD ... ) ·w.m be...usa.d lnJhe experiments a;s descnibed in Table 1, 

111. BACKGROUND~ 
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IX. .ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assunmces for the following: 

,A,, Animal Use: The anlmals authorized for use in this protocol will be used only in 
the ,activities and in the manrter described herein, unless a modification is specifically 
approved by the IACUC prior to Its implementation. 

8 , DupHcation of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurant·e: I assure that I tlave consulted with an Individual who is 
qua~ified to evalu1ate the statistical desi,gn or strate.gy of this proposal. and that the 
"minimum number of animals needed for scientific validity are used:' 

0 . Biohazard\Saf•,ty: I have taken into consideratioh and made the proper 
coordination regarding all appl1cabie rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have att1ended the USUHS Investigator/Animal User 
Training Go,,,u,...rs;,o;e;.;... -----i 

J
tb)(e> . / 

t'~ 12 'l/ 1(; 
-P-rln_c_lp-a!,...1-nv-t~ Date 

I 
G. 'Training: ihe following personnel will attend the next USUHS 

!Investigator/Animal User iraining Course: 

H. Ret1ponsibUity: l acknowledge the inherent moral, ethical and administrative 
oblig:atJons associated with the performance of this animal use protocol, and I assure 
t'hat a[ll indiv-Uduats associated wlth this project will demonstrate a concern for the health. 
comfort, welfare. and well-being of the research animals. Addltlonally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and ""'(b""'l<~)-...._. _ _.. ___ _ 

Date 

' 14 
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t 1Painful f Procedure(s,): 

I am condUJcting biomedical experiments whiclh may potentially cause more than 
momentary or slighl pain or distress to animals, This potential pain and/or distress 
WILL or 'WILL NOT are relieved with the use of anesthetics, analgesics and/or 
tranquiH~ers. ~ have considered alternatives to such prnoedures: however, using the 
mefhods and sources described in the prot,ocol. I have determined that altemative 
procedures are not av · · ·· fthe objectives rof this proposed experiment. 

L 
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X. PIROIQCQL ASSlBA_CT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: "Protective efficacy of human malaria vaccines in mice 
(Mus musculus)." 

C. Principal Investigator: Dr ... l<6_J<6_> _______ _, 

o. e_mcurtling Organization: Uniformed Services University of the Health Sciences 

E. funding: 1 .... (b-)(6_1 _____ _. 

F. 'OblectNe arnd ApproaGb: The overall objective is to test the immunogenicity 
and protective e-fficacy of human vaccines in tiurnanized mice. 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHESDA. MAR\'LANO 20814-4799 

January 14, 2014 

MEMORANDUM FOR 0RJ .... <
6

_l<
5
_i __ __.I DEPARTMENT OF WLlTARY EMERGENCY 

MEOlCfNE 

SlJHfECT: lACUC Approval of Protocol - Triennial Review 

The follow'mg application was reviewed and approved by the Uniformed Services 
Uruvre:rsity of the Health Sciences (USOHS) Institutional Animal Care and Use Committee 
(lACUC) vlia Designated Member Rev.iew on January 14, 2014: 

Animal Protocol Title: '"'DiomB.Jkers for Detection of Heal Intolerance in Mice 

USUHS 'Pmtocol N'lilfiber: ._lt
6_l<6_l ____ _, 

Expiration Qate:_ · Janwuy 13. 2017 

Sum>oQi.mg Grant(s) Number: l(b)(6) 

Na.me of Prine1paJ lnYestigator: Drt,_<6_)(6_> ___ __, 

The USUHS has an AnintaJ Welfare Asswance on file with the Office for I .aboratory 
Animal Welfare (OLA W). National Institutes of Health (NIH). The Assurance Number is 

1{6)(6) IThe IA CUC approved the above referet:1ce<l application as su,bmitted. 

An annual review is required for each of the three years ofthis protocol. this review 
must be completed by the anniversary date of the protocol. lf work is to be continued past the 
expiration date, a triennial review must be coropleted prio.r to the cxpiratiou date in onler for 
work to be uuiotem.lpted. Protocol expiration dates may not be extended. and no animal work 
may be do-ne without an arproved protocol. Although the IACUC may send reminders. it is the 
i!llVCsUgator''s responsibility to submit an annual review form (Form 3206A) at least 30 days .in 
advance, or a new Form 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animnl order, please contact MAJl(b)(a) Ito schedule 
a pre-protocol pbumtng ,meetingj(bJ<61 IThis meeting must occur to ensure animal numbers 

are loaded ia the CART syst.m and LAM "'f ~;"' ""' available to r•t your need~ 

1<)) I Pb.D. 

cc; Office of ReSear.ch 

Chair, Institutional Animal 
Care $d Use Committee 

Doc 57 



USUHS F'ORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 

,
(6)(6) 

PROTOCOL NUiMIBEIR: .... _______ _. 

PROTOCOL TITLE: Sioman'k1ers for Detection of Heat lnioterance in Mice 

GRAt~U"_tltLEJ1Ld~ffierent f1rom abovel: 

USIJHS ~RO_J_E_CT-'NUMBER:f _6>_<
5

_> __ _, 

FUNDING AGENCY: Office of Naval !ResearGh 

EARUEST ANTICllPATEO FUNDRNG STA1RT DAilE: ongoin,g 

PR~NCIPAL INVESTIGATOB: 

!:., 1nvest1gomr s19narum j 
1
(6)(6) 

MEM . 
Department Office/lab Telephone 

IACUC Dale Stamp 

This anlmal use proposal received appropriate peer scientific 
,,J,l~~anJUL.ru:lmi.ls:uint..Mtll. n··....ru:m.si:.l.El· mtlp research practice. 

L Ow ls 
Telephone Date 

STAJJSTlCAll... :REJllEW: A pers1on knowledgeable in biostatistics reviewed this 
proposa~ to enrsme tha<t tlhe number of animals us'ed is appropriate to obtain sufficient 
data ancl/or Is not ex:oessive, and the statistical design is appropriate for the intent of the 
study. 

r~, 

s1aust101an signf Ml~ 
Typed Name: ....__ _____ __, 

MEM 116~6) 
Department elepfiOne Date 

AT.1E~~QtN.G_JLEilE.BlN_AB1.AJ~ : In accordance with the Animal! 'Welfare Regulations, 
the Atitending Veterinarian was consulted in the [planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
relieved by an'estihet~cs or analgesics. 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPALJNVESTIG~TOR: l .... <b_!<
5

_> __ _,,I Military & Emergency Medldne .... lt6)_(6_1 __ __. 

ANIMAL PROT'OCOL TITLE: Biomarkers for Detection of Heat Intolerance in Mice 

GRANT ·TJTLE 1if dilfferent ·from above}: 

USUHS IPR.OJECT NUMBER :I .... (6_R
6

_> ___ __. 

CO-INVESTIGA fOR(S): ..... l(bl_<6_) ____ __. 

TECHNICIANS.ISJ: 1 ... (6>_<
6
> _____ _, 

I. NON·TECl-INICAIL SYNOPSIS: 
Heat injury continues to be a significant problem confronting the military; particularly 
during recruit training, and remauns a common cause of preventable non~traumatic 
related death. Identifying these heat-vulnerable indivlduals is important fer reducing 
he.at-rel·ated hijuries in ·outdoor constructions ainc military operations. The overall goal of 
this project is to determine the biomarkers that can be used to detect heat intolerance. 
In thlis protocol. we will continue our previous work t.a test the effects or two antioxidants. 
quercetin and curcumin, on the heat stress responses of key organs, which play an 
important role in maintaining thermal homeostasis, of heat-tolerant versus heat
irntoleran't mice., 

II. BACKGROUND: 

U.1. Ba·ckground; 
P1rolonged exposure to high temperatures may cause heat-related illnesses, such a-s 
cramps, .syncope, exhaustion or even stroke in some 1individuals. Heat~related ,injuries 
remain a threat to the health and operational effectiveness of military personnel [ 1]. 
Heat injury victims experience long-term compllications that may include multi*system 
orgain (liver. kidney, muscle) and neuro1ogic damage, as well as reduced exercise 
capacity and he.at intolerance. Animal and human research suggest late or lmtreated 
heat injury may result in organ damage that continues for weeks to months and possibly 
eve.n aflie.r dinical symptoms or biomarkers have retumed to normal. Current military 
return-to-duty guideHnes are based on "best guess" estimates and clinical anecdotes, 
rather than valid bio.markers of recovery and scientific evidence. Thus, the predictive 
and prognostic biomarkers. which can be used to identify heat-intolerant individuals and 
to determine recovery aft·er heat injury, will improve military force readiness. Our 
previous work showed that heat-intolerant (JNT) mice were associated with altered 
regulation ·of tissue heat shock proteins (HSPs) at translational and transcriptional levels 
compared to he.at-tolerant (TOL} mice [:2, 3]. In this protocol, we will further assess the 
role of HSPs in k'ey organs, inc'luding heart, liver and skeletal muscles, in regulatihg 
heat tolerance in mice fed a diet containing quercetin (Que) and curcumin (Cur). Both 
Que and Cur are plant-derived natural products and have antioxidanVanti-inflammatory 
properties. Oxidative stress and inflammation have lbeen implicated. in heat stress. 
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Importantly, it has been shown that Que [4] inhibits but Cur [5] enhances induction of 
HSPs by heat acclimation (HA). 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: 
Biomedical Research Database; RePORT; PubMed 
11.2.2. Date of Search: 10/~~ J~ol~ 
11.2.3. Period of Search: 
all available years 
11.2.4. Key Words and Search Strategy: 
"heat" AND (tolerance" OR "intolerance" OR "stress") AND ("antioxidant" OR "flavonoid" 
OR "quercetin" OR curcumin") 
Results include work done in rodents relevant to regulation of heat shock proteins 
(HSP). 
BRO 0 hit; RePORT 0 hit; PubMed 407 hits 

11.2.5. Results of Search: 
No previous studies were found that duplicate the proposed studies. Heat intolerance 
has been shown to be associated with hypothalamo-pituitary-adrenocortical axis 
impairment in rats [6]. The effects of quercetin on heat acclimation and HSP content in 
blood cell has been examined in humans [4]. Peripheral organs such as liver, heart and 
skeletal muscles are known to play an important role in maintaining thermal 
homeostasis during heat stress. Little information is available on how an antioxidant 
intervention influences the responses of these organs to heat stress. 

Ill. OBJECTIVE\HYPOTHESIS: 
The objective of the proposed studies is to establish key biomarkers that can be used to 
identify mice that are heat intolerant. We hypothesize that heat intolerance is associated 
with inflammation and oxidative stress that induce hyperthermia and tissue injury during 
heat stress. Heat exposure should cause greater metabolic activities and stress-related 
changes in INT mice, compared to TOL mice. Anti-inflammatory or antioxidant therapy 
should reduce hyperthermia and tissue stress in response to heat shock. Thus, we 
propose to establish the biomarker profile of heat-intolerance and test the hypothesis by 
comparing heat-induced functional and/or biochemical changes in INT and TOL mice in 
the absence and presence of antioxidants. The proposed studies in this protocol will 
continue our work about the effects of selected dietary antioxidants, Que and Cur, on 
heat tolerance in mice. 

IV. MILITARY RELEVANCE: 
Heat related injury remains a threat to the health and operational effectiveness of 
military personnel who are heat-intolerant. Heat injury victims experience long-term 
complications. In this project. we will examine various biomarkers that can be potentially 
used to identify heat-intolerance. The information from this project will help develop 
strategies to detect heat-susceptible individuals and to improve military force readiness. 

V. MATERIALS AND METHODS: 

USU HS FofTTl 3206- Revised October 2008 
PrevioL1s versions are obsolete 

3 



V.1. Experimental Oe_sfi_grn and General Procedur;es: 
The~ eriments wrnl be cornducted using adult male C57BU6J mic~lb>14) I 
CbX4> All animais will be housed in the USUHS LAM facility 
and allowed ree aceess to wa er and food. We previously reported that INT mice were 
characterized by increa·sed cardiovascular aotrvities; and activation of heat shock 
proteins (HSPs) arnd glucocorticoid receptor in multiple organs in response to heat 
exposure. The proposed studies will test the effects of Que and Cur on heat stress in 
control (Experiment 1) and hea:t~acelimated mice (experiment 2). Both Que and Cur 
are natural! [plant extracts and commonly present in fruits and vegetables. Ttle proposed 
doses of Que and Cur (ora1I administration) in rnice are comparable to tile relatively 1ow 
amount used in human studies, in which. for example, supplemental quertetin Intake 
1ranges from 1,000 mg (-14 mg/kg/day for a 70 kg person) [7) to 2,0oo mg (""28 mg/kg) 
(4), Neither Que nor Cur ts listed as ,an ingredient in lab animal diets (Harlan 
Laboratories). 

Animals. Mice wifll be surgically implanted with a temperature transponder (G2 E-Mitter. 
Mini Mitt<er Corp, Bend, OR) in abdominal cavity and a pressure transmttter (PA-C 1 o, 
Data Science lnt1ernational,. St. Paul. MN) (catheter placed into the left carotid artery and 
the transmitter body turnneled swoeutaneously to a small pouch along the right ventral 
flarnk) urnder anesthesia (1 .5-2% isoflurane). At least 2 weeks will be allowed for 
recovery. The 1body weight of the anumals will be recorded 2-3 times each week, To be 
included in experimentation, mice will have to regain pre.surgical body weight. Their 
heat toler,arn;e will be determined through a heat tolerance test described below. Mice 
with a peak core temperature of>= 42,0 °C during the test will be considered ''INT" 
while those with a rpeak core temperature of<= 41.0 °C, ''TOL" [2, 3]. 

V.1.1. Experiment 1: Effects of Que and Cur on heat tolerance 
As Illustrated in Figure 1, each mouse will undergo two heat tolerance tests separated 
by at least 1 O days. flhe -study includes three groups of mice that wrn receive regular 
food (control) or foods containing Que or Cur between the two heat tests. Spirometry 
measurements will be performed on control mice within 24 hrs before and 2 fits after 
heat test. Eiach group requires 15 INT mice. Our previous studies showed -31% of 
C57BL/6J mice are l!NT. Total for E:xp 1: mice = 45 x 3 groups~ 135 
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Week 1·2 Implant installation and recovery 

i Ex~eriment 1 1 Ex~eriment 2 

Week4 Heat test 1 Heat test 1 I 

i ! + + + + 
control* Que Cur control* Que Cur ~ 

i i i i i i 
Week6 I Heat test 2 I I Heat test 2 

L..... I tissue collection I ,.._J 

Figure 1. Experimental groups and procedures. Animals in each experiment will 
undergo two heat tests (an interval of at least 10 days). All mice will be placed on 
normal diet (control) or diet containing Que or Cur and mice in Experiment 2 will 
receive heat acclimation training (HA) between the two tests. *spirometry before and 
after heat test 

Heat tolerance test. The test will be performed in an environmental chamber (Thermo 
Forma 3950, Marietta, OH). AH mice will be placed in the chamber (in their regular 
cages with both food and water) overnight before each heat test. All heat tests will be 
conducted in the morning (0830-1200). As soon as a stable baseHne measurement is 
obtained, heat will be turned on. The chamber temperature will gradually rise until it 
reaches the preset temperature, 39.5 °C (this heating process takes -1 hr). Heat 
exposure will continue until whichever comes first, core temperature ~42.4 °C or 3 hours 
(including chamber heating). 

Dietary treatments. Mice will be placed on regular chow or chow containing Que or Cur. 
We estimate that, on average, mice eat approximately 2.5 grams of mouse chow per 
day. We prepare dried mouse chow pellets containing 0.6% Que or Cur (in weight), 
resulting in a daily dose of -1.5 mg/mouse/day (60 mg/kg body wt/day). The pellets will 
be prepared by mixing Que or Cur with powdered mouse chow in a blender. Water will 
be added to make a thick paste sheet that is cut into squares and dried in an oven at 
85° F until it returns to original weight. 

Spirometry. Each mouse will be placed in an airtight polypropylene chamber (iWorx). 
The mouse chamber air is circulated (open loop) via a pump at a rate of -250 ml/min 
during acclimation, which allows rapid temperature equilibration between the mouse 
and environmental chambers and sufficient fresh air supply (mouse resting minute 
ventilation: -23 ml). The chamber (1.4L) provides a comfortable room that permits 
animals to calm down quickly and changes in gas concentration can be effectively 
detected. We will allow animals sufficient time (usually <20 min) to acclimate in the 
chamber. Closed-flow respirometry (-15 min) will be used to measure V02 and carbon 
dioxide release (VC02) at a flow rate of -150 ml/min. Excurrent 02 and C02 will be 
recorded continuously. 
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V ;1 .2. E-xper'iment 2: Effects 1of Que and Cur on heat acclimation 
The experimental groups and measurements are similar to Experiment 1 (Figure 1). In 
addition, mice will receive HA training between the two heat tests~ Similarly, each group 
requires 15 INT mice. About -31 o/o of mic-e are expected to be INT. Total for Exp 2: 
1mice = 45 x 3 groups ;:: 1:35 

HA training. Mice will be subjected to an ambient temperature of 33 "C in the 
environmental chamber {in their regular cages with foods and water) for 5 hrs daily for 
10 consecutive days. This HA is considered mild. Higher temperatures and longer 
exposure (24hrs daily for 30 days) have been used in rodent studies. 

Upon completion of each experiment, animafs will be euthantzed for collection of arterial 
b lood (via the right carotid artery), urine, heart, liver kidneys and soleus and 
,gastrocnemius musc'les under isoflumne anesthesia. 

V.2. ,Data An~sis: 
Based on our ex:perience, the number of mice requested is necessary to accomplish the 
research goals. Two~way ANOVA with r·epeated measures will be used to evaluate the 
differences among groups in each Bcperiment. Post hoc subgroup comparisons will be 
perlormecl after significant effects. Using reasonable estimations of the variance of each 
of the measurements based oh previous studies. we determined the proposed sample 
sizes to have an 80% pow.er to detect a difference in mean variables of 1.2 standard 
devialtiorns with a sqgnificarnt level of 0.05 (two-tailed). 
V.3. Laboratory Ardmais Require:d and Justification; 

V .3.1. ~Non-animaJ AlteFnatives Considered: 
Heat tolerance Jn a Jiving animal lis a result of the complex interaction involving multiple 
organs/syslems. lrlhis cannot be sufficiently modeled in a non-living system {i.e. 
i)Ornputer modeling) or simple living unit (i.e. cultured cells) and thus. requires tne use of 
in vivo model system. 
V.3.2. An·imal M"del and Speci~s Justification: 
Rodents have been commonl.Y used in heat stre.ss studies. It is desirable to 
characterize heat intolerance in a mouse model of heat stress, which offers an 
additional advantage due to the ability to use genetic engineering, an important tool to 
studv the mechanisms for heat tolera1nce in the future. 
V.3.3. Laboratory Anima]s 

'V.J.3.1. Genus &, Species: 

V.3.3.2. Strain/Stock: 

'V.3.3.3. SouriceNerulor: 

V.3.3.4. AJ:J~; 

V.3.3.5. W·e_igJd: 
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V.3.3.6. Sex: M 

V.3.3.7. Special Considerations: none 

V.3.4. Number of Animals Required (by Species): 

Mice 270 
V.3.5. Refinement. Reduction, Replacement (3 Rs): 
V .3.5.1. Refinement: 
Possible pain and distress will be reduced by the use of an implanted device to record 
temperature and blood pressure. Alternatives (i.e. rectal probe for temperature) would 
be more stressful. All the procedures (i.e. installation of telemetry probes, terminal blood 
or tissue collection) that cause pain will be completed under anesthesia. Pain reliever 
will be administered to animals following surgeries. 

V.3.5.2. Reduction: 
We design experiments and prepare tissue samples in a way that allows us to conduct 
several physiological measurements in a given animal and multiple assays in a given 
tissue rather than adding animals. 
V.3.5.3. Replacement: 
Ex vivo studies, tissue culture methods, and computer simulations were considered but 
rejected since they are not suitable techniques to address the goals of the project. 
These techniques cannot replicate the complexity of in vivo temperature regulation 
mechanisms. 
V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

Species #1 Species #2 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 270 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesia/Analgesia/Tranquilization: 
lsoflurane (4% induction, 2% maintenance) will be used during surgeries and terminal 
tissue collections. Analgesic will be given for the first 24 hrs post surgery and longer if 
needed. Buprenorphine will be administered subcutaneously between the shoulders 
blades or along the back at a dose of 0.05-0.1mg/kg (0.01 ml/mouse) q12hr using a 27-
29 gauge needle in a 1 cc syringe. 
V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: 
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Animals will be continuously monitored for their activity after heat tests. They will be 
transferred back to their housing unit once they return to normal activity. 
V.4.1.2.3. Paralytics: 
none 
V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: 
PubMed, Altweb 
V.4.1.3.2. Date of Search: 
10/22/2013 
V.4.1.3.3. Period of Search: 
All available dates 
V.4.1.3.4. Key Words of Search: 
Pubmed: heat stress OR exposure AND mice 
Altweb: body temperature measurement 
V.4.1.3.5. Results of Search: 
No alternative procedure or method, which results in less pain or stress, was available. 
V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
The proposed study will expose conscious mice to high ambient temperature (39.5 I C) 
for up to 180 min including -1hr chamber heating. This process is needed to investigate 
heat tolerance that cannot be effectively assessed under anesthesia or analgesia. Our 
preliminary results show that majority of the animals remained fully active during entire 
heat exposure and core temperatures rapidly returned to baseline levels following heat 
exposure. The discomfort caused by this process should be very limited. 
V.4.2. Prolonged Restraint: 
none 
V.4.3. Surgery: 
V.4.3.1. Pre-surgical Provisions: 
The skin of the incision sites will be prepared (shaving, hair removal) and treated with 
betadine and alcohol. The surgeon will follow all aseptic procedures (wear a lab coat 
and gloves and use sterilized instruments). The animal's body temperature will be 
maintained at -37 °C with a heating pad. 
V.4.3.2. Procedure: 

Animals will be periodically tested for absence of a response to toe pinch to ensure the 
appropriate depth of anesthesia during the surgical operation. The following procedures 
will be performed during a single surgery. 

Blood pressure telemetry probe installation: A midline incision will be made on the 
anterior neck area. The left carotid artery will be carefully isolated and freed from the 
muscle and tissue around the trachea. The implantable catheter of the telemetry probe 
(Data Science International, St. Paul, MN} will be securely installed into the carotid 
artery. The telemetry probe body (weight: 1.4 gm) will be implanted into a 
subcutaneous pocket in the right flank. The incision will be closed with sutures wound 
clips. 

Body temperature telemetry probe installation: A midline incision will be made to 
access to abdominal cavity under anesthesia after the area is shaved/cleaned/sterilized. 
A telemetry probe for temperature and heart rate (weight: 1.1 g. Respironics, Inc) will be 
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placed in the cavity before closing the incision witfl aosorbable suture (muscle) and 
wound clips (skin). 

V.4.3.3. Post~s.urgical Provls,ions: 
Anomals wifll be carefully monitored following the implant surgery. They will return to their 
housing 1unit after they become awake and fully mobile. Animals will be surveyed for 
signs 1of infection or pain twice a day for two days after the surgery. 
V.4.3.4. J_ocation: 
G-175 
V.4.3.5. Sur·:eon: 

1(bic5> I 
V.4.3.6. Multiple Major 5urvlval O..aeratlve Procedure$: 
none 
V.4.3.16.1. Procedures: 
NIA 
V.4.3A.t2. _Scierdiflc Justification: 
NIA 
V.4.4. Animal Manirpulation~: 

V.4.4.1. lnj~J:Jj_o_n:_s.: 
none 
V .4.4.2. .Biosamples: 
Upon completion of tihe studies, we will collect blood via a carotid catheter, urine via a 
bladder puncture and tissues/organs (hindlimb muscle, liver, kidneys and heart, etc) 
under terminal anesthesia. 
V.4 .. 4.3. ,Adiu1vants: 
none 
V.4.4.4. Monoclonal AntlbotJ:t (MAbs) Production: 
none 
'V.4:4.5. 1Animal ~dentificaUon: 
Tail tattoo (will be performed under anesthesia at the time of surgical implantation), 
Cage cards 
V .4.14.6. JaoltlaYiJlta L$_t~1Hes: 
none 
V.4.4.7. i()lb.&r erQcedure.s: 
none. 
V.4,,4 •. 8. Tissu& Sharing: 
none 
'V.4.5. Strudy Endpoint: 
The endpoint for mice !n Experiments 1 and 2 will be up to 5 weeks following surgical 
1irnplantatlon. Although not expected, any animals that are in pdor health (i.e. inactive, 
sign of persistent pain or stress, body weight loss >15%) will be euthanized upon the 
suggeistion of or in consultation with the LAM veterinary staff, 
V.4.6. filttlil_Jla~ia: 
Upon completion of experiments, animals will be anesthetized with isoflurane. 
!Euthanasia will be accomplished by exsanguination under deep anesthesia for terminal 
blood and tissue collection. The euthanasia procedure is in compliance with the 2013 
AVMA Guidelines on Euthanasia, 
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v .. s. Veterinary Care: 

V .15.1. HusbandtY CorM;iderations.: 
!Except as noted below, routine .animal husbandry will be provided in accordance with 
lAM Husbandry SOPs for each species in this protocol. 
V.15.1.1. Study Room: 

Building(s) l16l<5> Room Number(sf,_6l_(6) _____ ___ 

V .S.1.2. SJLe_cl;.\f_Husti_and_cv_F!.rovis_fons: 

Food Restriction: 

F~uid Restriction: 

V.'5.1.3. Exceptions: 
none 
V.5.2. Veteriinarv Medica~ Care: 

Yes 

Yes 

V.iS.2.1. Routine Vetednarv Medical Care: 

No 

No ----

Animals will be observed and cared f'Ot by the Center for LAM personnel according to 
IJ.SL!JHS Center for LAM SOPs. 
V.i'S.2.2. _emergency 'Veterii'IEO'Y Medieal Car!! All emergency, weekend, and holiday 
care is provided by two animal husbandry techrlicians, one or more veterinary 
lech1nicians, and an on-can veterinarian. Essential husbandry procedures and health 
rounds aire conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Env~ronmQrntal Entichment: 

V:S.3.1. En.rich_ment Strate,gy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and ffACUC Policies. Examples include nestlets and tunnels for rodents; balls, 
toys and food enrichment treats for large animal species. 
V.S,3.2. En.richment Restrictions: 
rnone 
VI, STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL. QUAblflCATIONS/TRAINING 
Protocol activity or 
prncedure (e.g., tail 

vein injections, Name of person 
eutnanasia) performina activitv 

all protocol (b)(6) 

procedures 

----

recovery 
assessment 

all J:!rotocol 
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Qualifications of person Speclflc training in this 
performing activity (e.g .. activity or procedure (e.g., 

research technician, 2 yrs rodent handling class. 
e)(oenence) 1999) 

15 yrs research attended USUHS 
experience using rodents Investigator Training 

Course in March 2008 
> 1 o yrs experience in attended USUHS 
rodent research Investigator Training 

Course in 1982? 
3 yrs experience in attended USUHS 
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I procedures 1(0)(0) rodent research Investigator Training 
Course in Julv 2010. 

VII. BIOHAZAROS/SAFETY: 
All personnel handing animals will wear protective gloves, lab coat and mask at all times 
to minimize exposure to allergens. During surgical procedures, isoflurane vapor will be 
scaven9ed by a canister that connects to mouse anesthesia mask. 
VIII. ENCLOSURES: 
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IX. ASSUBANC_ES~ 

As 'tfle Principal lnvestigat"Jf on tflis protocol, I acknowledge my responsitJi@es ana 
provide ass1urances for the followiing: 

A. A1nima1 Use: The a1nimals authorized for use in this protocol will be JUSed only ijn 
the activlt1ies and in the manrner descrilbeci herein1 unless a rnt;:,diflcatlon is specifically 
approvea by the IACIUC prior to its lmplementat~on. 

e. 01uplieation of Effo·rt: I h.ave made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplir::atlcm ol 1previorus experriments. 

C. Statistical A:ssurance; 1,assure that I have consulted wi~n an indriviaual who is 
qualified to evaluate the statistical design or strategy of this proposal, arnd that the 
hminimum rnumber of animals needed for scientfific valiidity are used!' 

O. Biohazard\Safety: I hav.e takren into consideration and made tlhe prroper 
coordination regareHng all appli,cable irules and regulations concerning radiat~on 
protection, biosafety, recombinant issues, and so fQrth, in the preparation of this 
iprotocot. 

E. Tra1ining: 1 verify that the personnel perrforming the animal procedures I 
manipulations I Observ,ations described in this protocol are techniically competent and 
have been pro:?erly trained to ensure that no unnecessary pain or distress wi1il be 
caused to the animals as a result of the procedu1res I ma1nipulations. 

F. Trainh1g~ I verify that I have attended the OSUHIS Investigator/Animal User 
Trainin - Courise. 

_1 _v_, _/_;_1 __ 2-<> 13 
Date 

Gr. Training: The following 1personnel will 'attend the ne.~t USUl=IS 
lnvestigatori/Animal User Trairning Course: 

H. Respons'ibility: I acknowledge the inherent moral. ethical and ;administrative 
obligati1ons assoeiateet witih the performance of this animal use protocol, and l assu1re 
that all indMdualls assodated w!th this project will demonstrate a co:ncem for the health, 
1comfort, welfare. ,and well-being of ~he research animals. Additlonallly, I pledge to 
conduct this study in the spirit of th'e fourth "R" 'hat the DOD has embra,ced, namely, 
"1Respornsibility" for implementing anima~ use alternatives where feasible arnd conducting 
tmmane and lawful researrch. 

'

(b)(6) 

. r 0 I -, I / i--o r 3 
Prlnei11pa11 1nvestl:9~tor S!gnatull'e Date 
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I. p,ainful P1rocedure(s): 

I am conducfing biomedical experiments which may potentially aause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. 11na\le consldered alternatives to such procedures; however, using the 
methods and source:s described in the protocol, I have determined tnat alternative 
procedures are_n.ot avall~bteJo accomplish the objectives of this proposed experiment 

{b)( ) 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: 
Biomarkers for Detection of Heat Intolerance in Mice 

C. Principal Investigator: 
j(O)(tl) I 

D. Performing Organization: 
Uniformed Services University of the Health Sciences 

E. Funding: 
Office of Naval Research 

F. Objective and Approach: 
Heat-related injuries remain a threat to the health and operational effectiveness of military personnel. The 
objective of the proposed research is to establish key biomarkers that can be potentially used to identify 
individuals susceptible (heat intolerance) to heat stress. The proposed studies will determine the biomarkers 
of heat intolerance by comparing the physiological and biochemical changes of heat·to!erant and -intolerant 
mice in response to heat exposure Our previous studies have shown that heat exposure causes stress. 
related changes in multiple organs of heat-intolerant mice. In this protocol, we will determine if these changes 
are associated with oxidative stress by testing the effects of selected dietary antioxidants on heat tolerance 
and acclimation in mice. Specifically. we will examine the effects of heat e)(posure and acclimation on mice 
fed a normal food or food containing quercetin or curcumin. The proposed research will provide information 
useful for developing strategies to detect and protect individuals susceptible to heat injury 

G. Indexing Terms (Oeacriptors): 
heat stress, tolerance, acclimation, antioxidants, mice 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONE:S BRIDGE ROAD 

BETHESDA, MARYLAND 20814-4799 

October '2. 201 S 

MEMORANDUM FOR DR . ._lc1>_X
5
_> ___ ___.I DEPARTMENT OF MILITARY 

EMERGENCY Ml:DIClNE 

SUBJECT: IACUC Approval of Protocol - Initial Review 

The following application was revi~wed arid appruwd by tll~ Uniformed Services 
lloiversity of the Health Sciences (USUllS) Institutional Animal Care und Use Conunim:c 
(IAC'l IC) via Dcsignalt!d Member Rcvic~ on October 2.1015: 

Animal Prmocol Tith:: "Application (Jf' Low Do~e l11haled Carbon Monoxide to Ath:nu~tle Did· 
Induced Obesity mtd Insulin R\!Sistunce in Rnts (Rattu~ NMvegicus)"' 

USUHS Protpcol Number: l .... <b_l(6_> ___ __, 

fupiration Date:_ Octo~r I . :w I 8 

SuppPrting Oran\ls} Number: T BD 

Nam~ of Principal Investigator: Dd._1b_)(6_> ___ __, 

The USUJ IS has an Animal Welfare Assuramx on tile wirh the Ollice for Laboratory 
Animal We\ fare lOLAW). National ln:>lhutes of Health (NII l). l'he Assuran~l: Number is 

l(b)(6) I The IJ\Cl/C approved the above rcfcrcrh:cd applicttlion us suhmittcu. 

An annual review is required frlr each of th1: three yc<1rs of this protocol. This re.view 
rnu~t be 1.:omplcted by the anniversary date of the protocoL If work is to be continued past the 
expinnion date. a tri~nn1a\ rcvkw must be completed prior to the expiration date in order for 
work lo be.: unintcrruptcd. Protrn.:ol expiration dates may mH be cxtcndt.!d. and no animal work 
may be dono without an approved protocol. /\llhough the l/\CUC may send reminders. it is the 
investigator·s respo11sibility to submit an anr1ual rcvit::w lorm (Form 3206A) at leas110 days in 
udvance. or f1 new Form 3206 for triennial review at least 60 days in udvan~e of expiration. 

Prior to placing your 1irs1 anim:li order. please contact MAJfb}(tl) ~o schedule a prc-
protocol planning. mcctingl16

><
5
> I This meeting must occur to ensure an imal numbers are 

lo3dcd in the CJ\RT system and LAM resource are avai lable 10 meet your needs . 

cc: Office of Rcs~arch 

._(b_><5_> ___ _,Ph.D. 
Chair. l11stiLu1io11al Animal 

Care and l Jse Committci: 

Doc 58 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET IACUC Oale St""p 

PRO~COL NUMBE~ r" I 
PROTOCOL TITLE: Application of low dose inhaled carbon monoxide to attenuate{ 
diet-induced obesity and insulin resistance in rats {Rattus norvegicus) ~ 

' yt( / LJv\ GRANT TITLE (if different from above): 

USUHS PROJECT NUMBER: 1rs 1) 
FUNDING AGENCY: USUHS intramural stan-up and JPC-5 (CANDS) 

EARLIEST ANTICIPATED FUNDING START DATE: ongoing 

PRINCIPAL INVESTIGATOR: 

C:opa1 moesngamr signarure I 

LCDRl .... <b_i<b_l ----

MEM l(l))(O) I 
Department Office/Lab Telephone 

This animal use proposal received appropriate peer scientific 
~~~~WM.L-~i.i...u:i.w..i.-11"' scientific research practice. 

-Acting Chair 1~b)(6) l 8 1-f . /J 
Title '-r-ei-e .... ph-o-ne--~ Date 

STATISTICAL REVIEW: A person kflowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study 

r: .. "''"" •l!Jt1•m1e 
Typed Name· 

MEM ~'(~~~6>_,... ___ _._ 
Department Te~phone 

I i'/I« rJ.. '2<11 <s 
Oate 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Vetennanan was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pam or distress. even if 
relieved b anesthetics or anal esics. 
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ANIMAL PROTOCOL NUMBER: &...r _X'
0
_1 ---....1 

PRINCIPAL INVESTIGATORfb){6) I Military & Emergency MedicineJ'-tb-)\6_> _....1 
l(b)IS) I .....__ ___ __, 

ANIMAL PROTOCOL TITLE: Applrcation of low dose inhaled carbon monoxide to 
attenuate diet-induced obesity and insulin resistance in rats (Rattus norvegicus) 

GRANT TITLE (if different from above}: 

USUHS PROJECT NUMBER: 

CO-INVESTIGATOR(S}:l'-<b_><
6
_> ---------....1 

TECHNICIANS(S): L.j(b-}(6-) _____________ ____. 

I. NON-TECHNlCAL SYNOPSIS: 
The prevalence of obesity in the US. general population and military continues to 
increase. Obesity increases the risk of developing insulin resistance. diabetes. and 
cardiovascular disease Oysregulated mitochondrial function and altered structure have 
been reported to be associated with obesity related conditions. Diet and exercise are 
recommended in the prevention and treatment of obesity and resulting diseases, but are 
not reversing the trend. The use of alternative prevention and treatment strategies. in 
conjunction with exercise, may be required to slow the rise in obesity and diseases. Low 
dose inhaled carbon monoxide (CO) has successfully been used to increase the 
production of new mitochondria, thus may protect against the onset of obesity 
associated diseases. The overall goal of this project is to determine whether low dose 
inhaled CO is efficacious in preventing diet-induced obesity and insulin resistance in 
rats by preserving mitochondrial structure and function. 

II. BACKGROUND: 

11.1 . Background: 
In the U.S., the prevalence of overweight and obesity combined is approximately 70%, 
and the prevalence of obesity is approximately 35%, rates that have more than doubled 
from 1976-1980 (1). In the U.S. Military, the combined prevalence of overweight and 
obesity 1s 60.5% and the prevalence of obesity is 12:.9%, a 2.5 fold increase in obesity 
from 1990 (18). While there is a genetic component to the pathology of obesity and 
associated diseases. much of the cause can be at1ributed to excess energy intake and 
insufficient physical activity. Diet-induced obesity is associated with an increase in fat 
accumulation within visceral adipocytes, chronic low-grade inflammation, an increase in 
plasma free fatty acids that leads to ectopic fat accumulation and dysregulated lipid and 
glucose oxidation in the liver and skeletal muscle, and insulin resistance (17). The 
underling etiology of insulin resistance or prediabetes has been reported to be attributed 
to an increase in mitochondrial reactive oxygen species (ROS) and a reduction in the 
cellular antioxidant defenses (3, 5). If unabated. the increase in ROS may lead to 
impaired regulation of mitochondrial morphology, a reduction in mitochondrial 
biogenesis and a reduction in respiratory capacity. all of which have been l1nkod to the 
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development of type 2 diabetes (6, 10, 12, 13). Although lethal at high concentrations, 
low-dose carbon monoxide (CO) may provide a safe. relatively non-invasive treatment 
option for obesity and its associated metabolic diseases. By stimulating the production 
of antioxidant enzymes (heme oxygenase-1 (H0-1) and mitochondrial superoxide 
dismutase (SOD2)), and hydrogen peroxide, CO serves to protect against oxidative 
damage and inflammation, and stimulates mitochondrial biogenesis (14, 21 ). The 
proposed work is expected to identify how CO alters mitochondrial dynamics in skeletal 
muscle of rats fed a high-fat diet for 10 weeks. The results from this work will advance 
our understanding of diet-induced obesity and mitochondria dysfunction. Perhaps most 
intriguing will be the therapeutic potential that may be afforded by CO. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: 
Biomedical Research Database; RePORT; PubMed 

11.2.2. Date of Search: 08/13/2015 
11.2.3. Period of Search: 
All available years 

11.2.4. Key Words and Search Strategy: 
(("Mitochondria"[Mesh] OR mitochondria) AND ("Carbon Monoxide"[Mesh] OR "inhaled 
carbon Monoxide" OR "inhaled CO")) OR (("Insulin Resistance"[Mesh] OR "Diabetes 
Mellitus"[Mesh) OR "Overweight"[Mesh] OR "insulin resistance" OR overweight OR 
obesity OR obese OR diabetes) AND ("Carbon Monoxide"[Mesh] OR "inhaled carbon 
Monoxide" OR "inhaled CO")) AND ("Rodentia11[Mesh] OR rats OR rat OR rattus) 

Biomedical Research Database 0 hit; RePORT 0 hit; MEDLINE/PubMed 151 hit 

11.2.5. Results of Search: 
No previous studies were found that duplicate the proposed research. Only one study 
has examined the efficacy of inhaled CO on diet-induced obesity in mice (7). By 
exposing mice to 28 parts per million (ppm) or 200 ppm daily for 30 weeks, CO was 
determined to be effective in attenuating diet-induced obesity and improving glycemia in 
the first 10 weeks, but not with continued high-fat feeding. In this study, an exercise 
component was not included, and mitochondria morphology and respiratory capacity 
measures were not performed. Furthermore, CO was administered every day vs. 
intermittently, thus this amount over this duration could have in fact lead to ROS 
production, inflammation and mitophagy, masking any protection that may exist in the 
long-term. 

Ill. OBJECTIVE\HYPOTHESIS: 
The overall objective of this research is to explore the potential use of low dose inhaled 
CO on attenuating the development of diet-induced obesity and insulin resistance in 
rats, with and without exercise since moderate-intensity aerobic and high-intensity 
interval training increases mitochondria number and quality, respiratory capacity and 
whole body oxygen consumption (V02) (8, 15, 20, 23). The central hypothesis is that 
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CO will protect against diet-induced obesity and insulin resistance by preserving 
mitochondrial morphology. mitochondrial biogenesis , and respiratory capacity. 

IV. MILITARY RclE\f ANCE: 
Obesity related illnesses are likely to increase in the military with rising obesity rates. 
This will impact operational readiness, both f itness to perform and equipment 
requirements, e.g ., the racks on ships will be too small for the girth of a sailor. In 
acldition1 the number of available healthy recruits that meet body fat and fitness 
standards will become fewer, impacting force readiness. Finally, Tricare and the VA 
system will be affected by the financial burden of treating obesity associated diseases. 
Research aimed at understanding the molecular mechanisms of obesity, and potential 
adjunct prevention and treatment options are. therefore, warranted. 

v. MATERIALS AND ME_IHODS: 

V .1. Experimental Design and Gen~ral ProeedurE!S: 
Anima~s : The e><periments will be conducted using male obese prone Sprague Dawley 
(OP-CD) rats aged 8-9 weeks old l<0l<4> I All animals. will be 
doubly housed in the USUHS LAM facility on a reverse 12 h light and 12 h dark 
schedule. and allowed free access to water and food . Animals will be randomized to 1 
of 5 groups after pre-study testing (Figure 1}: sedentary (CON}, high-fat sedentary 
(HF), high~fat exercise training {HF-EX}, high-fat sedentary carbon monoxide (HF-CO), 
or high-fat e)(ercise training .i- carbon monoxide high-fat (HF-EXCO). 

Exercise: Seven days upon arrival. all rats will be habituated to endurance exercise on 
a 4 lane rodent motorized treadmill (Columbus Instruments) . The lanes are 43 .8 cm in 
length and 12 cm wide with the dividers between lanes 12.7 cm in height. The rats will 
perform 3 practice sessions to condition them to run on the treadmill. The sessions will 
consist of the rats being placed on the lanes witn the speed increased to 9 m/min. a 
very slow pace. for 10 min at an incline of 0° (19). On the back of each treadmill lane. 
there is an electrical shock grid (11.4 x 12 cm) that can produce a stimulus current of 0 
- 1.5 mA (adjustable), a voltage of 163V, at a repetition rate (adjustable) of 1, 2 or 3 Hz. 
Since electrical stimulation can yield significant stress on the animal, the current will not 
exceed 0.5 mA and the rate wlll not exceed 1 Hz over a period of 5 sec. If tiihe animals 
fail to 1run for a period of 5 sec, then the exercise session will be terminated. To 
circumvent reliance on negative reinforcement, chocolate will be provided following all 
exercise sess'ions which will positively condition the animals to periorm the treadmill 
exercise. Following the 3 familiarization sessions, rats will undergo a test to determine 
the animals maximal aerobic e'Xercise capacity {V02 max) using a modular enclosed 
metabolic treadmill (Columbus Instruments}. The only difference between this unit and 
the regular treadmills is that the treadmill is enclosed in Plexiglas for determination of 
oxygen uptake (V02) and carbon d ioxide production (VC02) using open circuit 
spirometf\'. The animals will be placed into this unit for 5-10 min to determine basal 
steady state VC02 and V02. followed by a 15 min warm-up at 40-50% of the estimated 
V02 max, which has been reported to correspond to a treadmill speed of 12-14 m/min at 
an incline of 25° (24 ). The belt speed will be increased by 1.8 m/min every 2 min until 
V02 levels-off (generally 8-15 min). or the animal refuses to run for 5 sec. The total 
testing time will be~ 45 min. including the time needed to establish steady state VCO;( 
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and V02. Since 10-15% of rats refuse to run on a treadmill (11 ), this pre-study 
familiarization and V02 max testing will be used to randomize the animals into the 
exercise training (HF-EX and HF-EXCO) and non-exercise (CON. HF and HF-CO) 
groups. During the 10 week protocol, the HF-EX and HF-EXCO groups will undergo 
aerobic exercise training three times/week, consisting of an 18 min warm-up at 40-50% 
of the animals measured V02 max, followed by 6 alternating intervals of 4 min at 85-
90% and 2 min at 50% of the animals V02 max, serving as an active recovery period 
(9). Should the animals fail to complete this protocol, adjustments will be made to the 
intensity so that the volume of work performed is similar amongst the animals, i.e., lower 
speed, longer duration. In addition, a V02 max test will be performed in the HF-EX and 
HF-EXCO groups every 2 weeks with the training workload adjusted for subsequent 
training sessions. After each training session and V02 max test, the animals will receive 
a small piece of chocolate as positive reinforcement (24). The rats in the CON, HF and 
HF-CO groups will perform a weekly 10 min treadmill training session at 9 m/min and 0° 
incline to maintain treadmill familiarity. 

Diet: All animals will consume a low-fat control diet upon arrival until the start of the 10 
week protocol. After all pre-study testing is complete and the animals have been 
randomized to CON, HF, HF-EX, HF-CO and HF-EXCO groups, the CON group will 
continue to receive the low-fat control diet, whereas the HF, HF-EX, HF-CO and HF
EXCO groups will be fed a high-fat diet comprised of 43% carbohydrates, 42% fat, and 
15% protein ad libitum until the completion of the study. 

Body mass: Weights will be recorded for all animals weekly using a calibrated scale. 

Resting whole body oxygen consumption (V02) and carbon dioxide production 
(VC02): Prior to, at week 5, and following the 10 week protocol (after an overnight fast), 
conscious rats will be placed in the modular enclosed metabolic treadmill for 30 min for 
continuous recording of V02 and VC02. These values will be used to calculate the 
respiratory exchange ratio (VC02N02) and energy expenditure (kcal/h) (4). 

lntraperitoneal glucose tolerance test (IPGTT): Prior to and following the 10 week 
protocol, and after an overnight fast, approximately 5-10 µL of blood will be collected 
from the tail vein (time O} from conscious, restrained rats. The rats will be placed in a rat 
restrainer and the tail will be swabbed with alcohol to expose the blood vessel. Finger 
pressure will be applied approximately 5 cm from the tip of the tail, and a 21-23 gauge 
butterfly needle will be inserted into the tail vein with blood collected into microvette 
tube. The total time of restraint will be approximately 1-3 min. Next, 2 g of glucose/kg 
body weight (99.5% glucose from Sigma-Aldrich dissolved in distilled water) will be 
administered intraperitoneally via a 1-2 mL syringe with a 21 gauge needle. The same 
blood collection procedure will be repeated 15, 30, 60, 90 and 120 min post-glucose 
injection for determination of blood glucose using reagent strips and an automated 
hand held glucometer. The rats will be placed back in their cages, without access to 
food, in-between blood collection over the 2 h IPGTT. 

Baseline and post-study blood collection for serum lipids and insulin: Prior to and 
following the 1 O week protocol, and after an overnight fast, approximately 400 µL of 
blood will be collected from the lateral saphenous vein into a 500 µL microvette for later 
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analysis of serum lipids (total cholesterol, triglycerides, high density and low density 
lipoproteins) and insulin. This sample will be collected at the same time as the first tail 
vein blood draw (time 0) for the IPGTI to avoid an additional day of fasting and stress. 
The rats will be placed in a restrainer; the lower limb will be shaved with an electric 
razor and swabbed with alcohol to expose the vein prior to puncturing with a 21-23 
gauge needle. 

Carbon monoxide (CO) exposure: Two rat cages containing 2 rats in each will be 
placed in an enclosed plastic box that will be placed underneath a ventilated hood. 
Carbon monoxide (250 ppm balance air) will be supplied to the enclosed box via an inlet 
port for 1 h x 5 consecutive days before the 10 week protocol, and once per week for 1 
h during the 10 week protocol. An outlet port with tubing will be ventilated into the hood. 
A portable CO analyzer will be placed inside the enclosed box to verify that the CO is 
maintained at 250 ppm for 1 h. A carbon monoxide concentration of 250 ppm has 
previously been reported to raise carboxyhemoglobin (HbCO) levels to ... 13% in rats 
(22), with levels <20% considered to be safe (2). Only animals in the HF-CO and HF
EXCO groups will receive the CO treatment. 

Carboxyhemoglobin levels: Of the animals that receive CO (HF-CO and HF-EXCO), 
before and after a CO treatment, approximately 100 µL of blood will be collected from 
the tail vein in a subset of animals (n = 6-8), as described above, in order to determine 
the concentration of carboxyhemoglobin in whole blood. 

Resting blood pressure: Before the 10 week protocol, during weeks 2, 4, 6, 8 and 
following the 10 week protocol, resting blood pressure will be measured in all of the rats 
using a rat tail-cuff system (Kent Scientific). Rat tail-cuff blood pressure monitoring is 
considered non-invasive and has been extensively used by researchers, i.e., > 1000 
PubMed hits. Rats will be placed in a restrainer that are appropriate for body mass with 
the tails exposed and placed on a heating pad to maintain tail temperature between 32-
350 C for 15 min, which will be monitored with an infrared thermometer. Next, an 
occlusion cuff will be placed near the base of the tail and a volume pressure-recording 
sensor cuff will be placed distal to the occlusion cuff. Once the cuffs are secure, 
inflation-deflation cycles will commence with the first 5 serving as acclimation cycles, 
followed by 5 measurements used for data analysis. The total time of restraint is 
approximately 20-25 min. Once the measurements are complete, the animals will be 
immediately placed back into their housing cages with the appropriate food and water. 

Tissue and blood collection: Upon collection of all post-study data, animals will be 
euthanized in an induction box using isoflurane. The animals will not be in contact with 
gauze dampened with isoflurane. Blood from the left ventricle and tissues (skeletal 
muscle, bone, heart, lung, liver and brain, and epidydmal fat pads) will be harvested for 
later analyses. 
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Figure 1. Study Design 
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V.2. Data Analysis: 
A two factor repeated measures AN OVA will be used to determine whether inhalation of 
low dose CO is as effective as aerobic exercise train ing in attenuating diet induced 
obesity and insulin resistance. Since this experiment is novel, sample size estimates are 
based off of studies that explored the effects of a high-fat diet on obesity and metabolic 
dysregulation in rats (16, 25}. From these studies, we anticipate that 10 weeks on a 
high-fat diet will result in a mean difference m weight gain of - 100 ± 55 g (SO) 
compared to rats fed standard chow, requiring a minimum of 9 rats per group to achieve 
80% power with a 0.05 significance level (two-tailed) . Since not all rats are trainable 
(-10-15%), and to ensure that there is sufficient tissue available for mitochondrial 
morphology, respiratory capacity and biogenesis measures. and for preliminary CO 
exposure and exercise testing, we estimate that approximately 15 animals in each 
group will be needed to complete this study. 

V.3. Laboratory Animals Required and Justification: 

V .3.1. Non-animal Alternatives Considered: 
Obesity and the metabolic sequela is complex, involving multiple organs/systems. This 
cannot be sufficiently modeled in a non-living system (computer models) or cultured 
cells and thus, requires the use of in vivo model system. 

V.3.2. Animal Mo del and Species Justification: 
Rats are a good species to explore the effects of diet-induced obesity, specifically 
because this outcome and metabolic complications are observed within a short period 
of time, i.e .. 5-12 weeks. While these changes also occur 1n mice, the skeletal muscles 
that are preferentially recruited during aerobic exercise training are too small in mice for 
all of the proposed. necessary, measurements. Only males will be used for this 
research to avoid the potential confounding effects of estrogen and progesterone on 
energy homeostasis. 

V.3.3. Laboratory Animals 

V.3.3.1 . Genus & Species: 
Species #1 

Rattus norvegicus 

V.3.3.2. Strain/Stock: Sprague Dawley (OP
CD): strain code: 463 

V 3 3 3 S N d i6X4> . . . . ource en or: 1 L---------1 
V.3.3.4. Age: 8-9 weeks 

V.3.3.S. Weight: -250-300 g 

V.3.3.6. Sex: M 
Females will not be used in this pilot 
study due to the role that estrogen 
and progesterone play in regulating 
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glucose and lipid metabolism, and 
insulin sensitivity, serving to protect 
from diet-induced obesity. However, 
once we characterize the effects of 
CO on obesity and insulin resistance 
in male rats, we will then consider 
studying females. but this will be 
several years down the road. 
Furthermore, the entire study design 
would have to be changed, 
lengthened, to ensure that a high 
proportion of the female rats become 
obese and insulin resistant. 

V.3.3.7. Special Considerations: None 

V.3.4. Number of Animals Required (by Species): 

V .3.5. Refinement, Reduction, Replacement (3 Rs): 
V.3.5.1. Refinement: 

Rats 75 

Possible pain and distress will be reduced by habituation to the rodent treadmill and the 
blood pressure tail-cuff system. There is no pain or discomfort associated with inhaling 
250 ppm of CO balanced with room air. The animals will be restrained during blood 
collection to minimize distress. 

V.3.5.2. Reduction: 
The proposed experiments are designed to maximize the number of measurements that 
can be made to support the objectives. In addition, we will collect additional organs not 
intended for study in this research (brain. heart and lung), but quite possibly for future 
experiments which will ultimately reduce the number of animals required for those 
protocols. Since this research has not previously been carried out, reducing the number 
of animals, or use of animals, is not possible. 

V.3.5.3. Replacement: 
In vitro models were considered, but deemed inappropriate to test the proposed 
hypothesis since the objectives are to examine in vivo diet-induced obesity. 

V.4. Technical Methods: 

V .4.1. Pain I Distress Assessment: 

V.4.1.1 . APHIS Form 7023 Information: 

V .4.1.1.1. Number of Animals: 
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V.4.1.1.1 .1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 75 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/Analgesia/Tranguilization: 
None 

V.4.1.2.2. Pre- and Poat-procedural (not surgery) Provisions: 
Animals will be monitored for 30 min following tail-vein blood collection. Following blood 
pressure tail-cuff monitoring, resting V02 and VC02 monitoring, CO exposure and 
treadmill exercise. animals will be immediately returned to their housing units. Since the 
electrical shock grid can induce redness and bleeding to the tails, all of the rat tails will 
be monitored. Although unlikely, in the event that a tail becomes necrotic, the rat will be 
removed from the study and euthanized using isoflurane. 

V.4.1.2.3. Paralvtics: 
None 

V .4.1.3. Literature Search for Alternatives to Painfu I or Distressful Procedures: 

V.4.1.3.1. Sources Searched: 
PubMed, Altweb 

V.4.1.3.2. Date of Search: 
8/12/2015 

V.4.1.3.3. Period of Search: 
All available dates 

V.4.1.3.4. Key Words of Search: 
(treadmill* OR forced running) AND ("Rodentia"[Mesh] OR rats OR rat OR rattus) AND 
(alternative OR substitute OR replace* OR allev*) AND (pain OR distress OR stress OR 
shock OR motivation) 
PubMed 43 hit; Altweb 38 hit 

V.4.1.3.5. Results of Search: 
No alternative procedure or method, which results in less pain or stress, was available. 
Habituation and positive-reinforcement are the best approaches for alleviating stress. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
High-intensity aerobic exercise training and V02 max testing. During the 10 week 
protocol, the HF-EX and HF-EXCO groups will undergo aerobic exercise training three 
times/week, consisting of an 18 min warm-up at 40-50% of the animals measured V02 

max, followed by 6 alternating intervals of 4 min at 85-90% and 2 min at 50% of the 
animals V02 max. serving as an active recovery period (9). This intensity is high, but 
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serves to reduce the frequency by which the animals need to perform exercise training 
(i.e., 3 days per week vs. 5 days per week) and still obtain the benefits. Should the 
animals fail to complete this protocol, the intensity will be reduced (lower speed) and the 
duration will be increased so that the volume of work performed is similar between all 
animals. Although not anticipated to occur. if the intensity does need to be reduced, the 
exercise session will never last longer than 90 min including the warm-up period. 
Moreover, if the animals fail to run for 5 consecutive sec with electrical stimulation 
provided (0.5 mA at a frequency of 1 Hz) the exercise session will be terminated. When 
performing V02 max testing (all animals), as described in section V.1., if the animals 
V02 plateaus, or they fail to run for 5 consecutive sec with electrical stimulation, same 
as above, the test will be terminated. Therefore, whenever an animal cannot perform, 
the exercise session or test will be terminated. 

V.4.2. Prolonged Restraint: 
None 

V .4.3. Surgery: 
V.4.3.1. Pre-surgical Provisions: 
No surgeries will be performed. 

V.4.3.2. Procedure: 
N/A 

V.4.3.3. Post-surgical Provisions: 
N/A 

V.4.3.4. Location: 
NIA 

V.4.3.5. Surgeon: 
NIA 

V .4.3.6. Multiple Major Survival Operative Procedures: 
None 

V.4.3.6.1. Procedures: 
NIA 

V.4.3.6.2. Scientific Justification: 
N/A 

V.4.4. Animal Manipulations: 

V .4.4.1. Injections: 
Prior to and following the 10 week protocol, and after an overnight fast, 2 g of 99.5% 
glucose/kg body weight (dissolved in distilled water) will be administered 
intraperitoneally via a 1-2 ml syringe with a 21 gauge needle. 
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V.4.4.2. Biosamples: 
For the IPGTI conducted before and after the 10 week protocol, 5-10 µL of blood will be 
collected from the tail vein (time O) from conscious. restrained rats. The rats will be 
placed in a restrainer and the tail will be swabbed with alcohol to expose the blood 
vessel. Finger pressure will be applied approximately 5 cm from the tip of the tail. and a 
21-23 gauge butterfly needle will be inserted into the tail vein with blood collected into 
microvette tube. The total time of restraint will be approximately 1-3 min. For serum 
lipids, 400 µL of blood will be collected from the lateral saphenous vein into a 500 µL 
microvette. This sample will be collected at the same time as the first tail vein blood 
draw (time O) for the IPGTI to avoid an additional day of fasting and stress. The rats will 
be placed in a restrainer for no~ 5 min; the lower limb will be shaved with an electric 
razor and swabbed with alcohol to expose the vein prior to puncturing with a 21-23 
gauge needle. Upon completion of the protocol, we will collect blood from the left 
ventricle and tissues (skeletal muscle, brain, heart, lung, liver, brain and epidydmal fat 
pads) under terminal anesthesia. 

V.4.4.3. Adjuvants: 
None 

V .4.4.4. Monoclonal Antibody CMAbs) Production: 
None 

V.4.4.5. Animal Identification: 
Ear tags and cage cards 

V.4.4.6. Behavioral Studies: 
None 

V.4.4.7. Other Procedures: 
None 

V .4.4.8. Tissue Sharing: 
None 

V .4.5. Study Endpoint: 
The endpoint for au animals will be up to 10 days following the 1 O week protocol to 
ensure that all post-study data is collected. Although not expected, any animals that are 
in poor health (i.e., inactive, sign of persistent pain or stress, body weight loss >15%) 
will be euthanized upon the suggestion of or in consultation with the LAM veterinary 
staff. 

V .4.6. Euthanasia: 
Upon completion of experiments, animals will be euthanized with isoflurane for terminal 
tissue collection. 

V .5. Veterinary Care: 
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V.5.1. Husbandry Considerations: Except as noted below. routine animal husbandry 
will be provided in accordance with L~M Husbandry SOPs for each species in this 
protocol. The animals w ill be housed 2 per cage. 

V.5.1.1. Study Room: 
Building{s) ""lt6"""){6"") ................................... ...., Room Number( s) .....1...(

16_)(6_> _____ ...... 

V.5.1.2. Special Husbandry Provision~; 

Food Restriction; Yes x No 

Fluid Restriction: Yes No X __ .;_;_ __ 
In order to assess the animal's ability to transport and oxidize glucose, measure fasting 
serum lipid's, and asse,ss resting energy expenditure, the animals must be fasted during 
their light phase. This will occur on two occasions before. and after the 10 week 
protocol. On one occasion, blood collection and the IPGTT will be performed. and on 
the other occasion, resting V02 and VC02 measurements will be collected. The test 
d1iet~ produced by Harlan (TD.08485 and T0.88137) will be procured by LAM, and 
provided by the investigatocs throughout the study . Animals will be housed on a. reverse 
light cycle in order for the investigators to conduct exercise testing and training. 

V.5.1.3. Exceptions: N/A 

V.5.2. Ve.tednar,y Medical Care: 

V.5.2.1. Routine Veterinary Medical Care~ 
Animals will be observed and cared for by the Center for LAM personnel according to 
USU HS Center for LAM SOPs. 

V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary· 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.'5.3. Ernviromnental Enrichment: 

V.5.3.1. Enrichment Strategy; Except as indicated below, all animal'i on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples may include tunnels and nylabones for rats . 

V.5.3.2. Enrichment Restrictions: 
None 

VI. STUDY PERSONNEL QUAblFICATIONS ANO TRAINING: 

STUDY PERSONNEL QUALIFlCATIONSITRAINING 
I Protocol activity or !Nam~r~ Qualifications or person I Specific traming ln this 

USUHS Form 3206 - Revised Oc1ober 2008 
Previous verS1ons are obsolete 

14 



-

procedure {e.9., tall p~l'forming aehv1ty performing activity (e.g., activity or proc:e.aure (e.g., 
vein liiJee1ions. research technician, 2 yrs rodent handling class, 

euthanasi_ai eXfJe ne nc~) 199911 
All protocol (b)(61 6 yrs experience in Attended USUHS 
procedures rodent research investigator training 

course in 2015 
AH protoccl >20 yrs experience in Attended USUHS 
procedures rodent research investigator training 

course in 2008 
All protoool >20 yrs experience in attended USUHS 
prooedures rodent research investigator training 

course· in 2014 
IPGTT. blood 4.5 yrs experience in Attended USUHS 
collection. tail·cutf rodent research. animal handling class 
blood pressure and investigator 
monitoring, training course in 
exercise training, 2011 
tissue collection 
IPGTI, blood None. Will be trained b~ Attended USlJHS 
collection, tail-cuff the Pl andl(b)(6) I animal handling class 
blood pressure and investigator 
monitoring, training course in 
exercise training, 2015 
tissue C'Ol\ectio-n 
IPGIT. blood None. Will be trained b~ Attended USUHS 
collection. tail-cuff the Pl andl<ti)(~j I animal handling class 
blood pressure and investigator 
monitoring, training course in 
exercise training, 2015 
tissue collection 

VIL Bl'OHAZARllS/SAFETY; 
All personnel handing animals will wear protective gloves; lab coat and mask at all times 
to m\nirn1ze exposure to allergens. Personnei will fol'low universal sharps procedures to 
reduce risk of injury. 

VIII. ENCLOSURES: 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol. I acknowledge my responsibrhties and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol w ill be used only in 
the activities and in the manner described herein, unless a mod1f1cat1on IS spectfically 
approved by the IACUC prior to its implementation. 

B. DupllcatJon of Effort: I have made a reasonable. good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of thts proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

0. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection. biosafety, recombinant issues, and so forth , in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been property trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures/ manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 

r::.::SIQMIDJ 
G. Training: The following personnel will attend the next USUHS 

Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare , and well-being of the research animals. Add1t1onally, I pledge to 
conduct this study in the spirit of the fourth 11R" that the DOD has embraced, namely, 
''Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawfyl research 

1~· 
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I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics andlor 
tranquilizers. I have considered alternatives to such procedures: however. using the 
methods and sources described in the protocol, I have determined that alternative 

proced• [~:~ ::: ::• :::::: :: :']Tlplish the objectNe_._s/ :--'-:..;__::~P;; experiment. t ~· " , • -~ , ' "' Date 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Tide: 
Application of low dose inhaled carbon monoxide to attenuate diet-induced obesity and 
insulin resistance 

C. Principal Investigator: 
l(b)(6> I 

D. Plilrforming Organization: 
Uniformed Services University of the Health Sciences 

E. Funding: 
USUHS Office of Research (Start-up) and JPC-5 (CANDS) 

F. Objoctivo and Approach: 
The preva lence of obesity in the U S. general population and military continues to 
increase. Obesity increases the risk of developing insulin resistance. diabetes, and 
card iovascular disease. Dysregulated mitochondrial function and altered structure have 
been reported to be associated w ith obesity related conditions. Low dose inhaled 
carbon monoxide (CO) has successfully been used to increase the production of new 
mitochondria. thus may protect against the onset of obesity associated diseases. 
Obese-prone Sprague Dawley rats will be fed a high-fat diet for 10 weeks and subjected 
to low dose Inhaled CO (250 ppm). high-intensity aerobic exercise training. or both. 
Measures will include fa sting lipids. insulin, and glucose tolerance. blood pressure, 
resting V02 and VC02, and V02 max testing. Moreover, indicators of skeletal muscle 
mitochondrial biogenesis and morphology, and respiratory function will be determined. 
Data will be analyzed using a two-way repeated measures ANOVA. The novelty of this 
experiment precludes the alternative use of cell culture or simulated models. This 
research will determine whether low dose inhaled CO is efficacious in preventing diet
induced obesity and insulin resistance in rats by preserving mitochondria l structure and 
function. 

G. Indexing Tenns (Descriptors): 
Inhaled carbon monoxide, animals, rats. exercise, diet-induced obesity, insulin resistance, skeletal 
muscle, mitochondrial 
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UNIFORMED SERVICES UNIV~RSl'TY OF THI.: HEALTH SCIE NCES 
F. EDWARD HeBERT SCHOOL OF MEDICINE 

4301 JONES BRIDG~ ROAD 
B£THESbA, MARYLAND 20814-4712 

http://www.u5uhs.rni l July 12. 2012 

MEMORANDUM FOR DR. ,_l(b_><_65 _____ __.I DEPARTMENT OF MICROBlOLOGY 

SUBJECT: IACCC Approval of Protocol - T riennial Review 

The fo llo wi ng application was reviewed and approved by the Uniformed Sen-ices 
Univers ity of the Health Sciences (USU HS) Institutional Animal Care anJ Use Committee 
(IAC UC) via Desig:natcd MembeT Review on July 12, 2012: 

1\nimnl Proiocol litle : ·•Pathogenicity of Shiga Toxin-Prnd ucing E.coli nnd Ricin Intox ication 
(Mice)" 

USU I IS .£.rotocQLl::~!rnb~ ._fb_X_5_> _____ _. 

July 11.201.5 

~pJlor:.tin&..Q.n.i.n t(s) NumJh:J:f .. b_x_
6
_> ____________________ _, 

Name of l'rin_gi.[>al Investigator: Dr . ._l<6_i_<6_l _____ __, 

1 he USU HS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal W elfare (OLAW). National Institutes of Heal th (NIH). The AssurWlci;: Numbc,. is 

fbXB> I The fACUC approved the above referenced application us submitted. 

An atmual .-eview is required for each of the thl"ee years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work. 1s to be continued past the 
expiration date, a triennial review must be. completed prior to the expiratio n date in order for 
work. to be uninterrupted. Protocol expiration dates may no t he cxtendcJ. and no animal work 
may be do ne without an apprnved prOtocoL Although the IAC U C may send reminders. it is the 
investigator's responsibility to submit an annual review form (form 3206A) at lea.<>t JO days in 
sdvancc, or a new Form 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placi ng your first animal order. please conta<: t MAJJ16)(6> Ito schedule a 
pre-protocol planning meetingf bl<6) I T h.is meeting must occur to ens ure animal numbers 
are loade d in tht: CART system mid LAM resoµ <.: s at ava) labl o meet your needs. 

{b)(6) 

_____ __, Ph.D. 
Chair, Inst itutiona l Animal 

Care and Use Committee. USUHS 
cc: 
Office of R c::scarch 

Learning to Care for Thore i11 Harm's U.ay 



U SlJH S FO RM 3206 
ANIMAL. S TUDY PROPOSA L 
P RO TO COL COVE R Sl=HH~T 

PRQf_QCOL N UMBER: 1 ... <s_x_6> ___ __, 

IACUC Dall~ S!amp 

PROTOCOL TITLE: Pathogenicity of Shiga toxm-producmg £ colt and ricin 1n tox1cat1on (mice) 

G RANT TITLE Of d i fferent frQm above): ' P a thogenicity of Shiga Toxin- producing E. cotr, 
·Sh iga Toxin and R 1c1n Interaction w tth Enterocytes and Rescue of Target Cells' . • Antibactenal 
and Ant1-Sh1ga Toxin txpress1on Activities of Morphollno Compounds against EHEC 0104 H4 
a nd Related Prokaryotes", "Susceptibility of Recombinant Inbred M ice to Shiga Toxins and E 
co/i0157.H7" 

!JS IJ H S P R_O J ECT N,UMSE R i._<b_><_
6

_> --------------------' 

P\JN OING A GEN C Y ; N IAID. DTRA. USUHS 

EA RLIEST A NTICI P A T E D F UNDIN G START DATE: Current 

P RINCIPAL 1r:w i::sr1a,i;.:r cm: l<b><5> I Ph .D. r ...._ ______ __. 

MIC 
ate 

This animal use proposal received appropriate peer scientific review 
fie rese3rch rae:tice 

(ph.D 
elephone JO ate 
-------~ 
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ANIMAL PROTOCr:ILNUMBEB.i ._l<b_J<5_> ____ ~ 

pRtNelPAL INVESTIGATOR; .... l(b_l<6_l ______ IPh . D. 

ANIMA.l.._E!_R.OTOCDL TITLE: Pathogenioity of Shiga toxin-producing E. coli and ricin 
intoxication (mice) 

GBANT TITLe.Jif diffei:_ent from above): "Pathogen icily of Shiga Toxin-producing E 
coil' , "Shiga Toxin and Ricin Interaction with Enterocytes and Rescue of Target Cells". 
~Antibacterial and Anti-Shiga Toxin Expression Activities of Morpholino Compounds 
against .C14EC 0104:H4 and ~elated Prokaryotes". ~susceptibility of Recombinant 
Inbred Mice to Shiga Toxins and E.coli 0157:H7" 

USUHS PROJECT NUM BER: l ._(b_><_5l ________________ __, 

L NON-TECHNiCAb SYNOPSI_$_: Shiga ioxin (Stx)-producing Escherichia coli 
(STEC) are the causative agent of "hamburger disease" becaL1se they are often 
transmitted through undercooked hamburgers. STEC 0157:H7 are food~ and water·
borne bactetla that <ue the most common infectious cause of bloody diarrhea in the 
United States. The hemolytic uremic syndrome (HUS}, which can occur as a result of 
STEC infection. is the most frequent cause of acute kidney failure in U.S. children . The 
STEC make one or more Stxs (Sbc1 , Stx2 or variant of those) that are key factors in the 
development of the HUS. The genes that encode the Stxs are present on 
bacteriophages, which are viruses that infect E. coli; these viruses can infect other 
bacteria and transfer the toxin genes. Evidence that such transmission may occur 
became evident in 2011 when a large food-borne outbreak of bloody diarrn ea and HUS 
occurred in Germany. The outbreak isolate was an enteroaggregative t=. coli strain that 
had most llkely acquired the stx2 phage from a more typical STEC. Stxs act to halt 
protein synthesis in the target cell, which causes the cell to die. The goals of the 
studies described here are as follows: 1) evaluate the potency of different Stxs; 2) 
determine if the stx phage can be transferred from one bacterial strain to another in the 
intestines: 3) study the role of Stx2 in the unusual disease caused by the German 
outbreak strain; 4) investigate the systemic effects of ricin: 5) identify host factors that 
play a role in Stx or E. coli disease; and 6) detennine if antibodies against Stxs or rlcin 
can protect against exposure to the respective toxin . All of the mouse studies described 
herein Will be performed in full accordance with the Institutional Animal Care and Use 
Committee at usuHs. 
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II. BACKGROUND: 

11.1. Background: Our experience with Shiga toxins (Stxs), STEC-infection animal 
models, and ricin that led to this proposal wilt be briefly reviewed. 

Escherichia coli 0157:H7 and other Stx-producing E.coli (STEC) cause food
and water-borne outbreaks and sporadic cases of intestinal disease manifest as 
diarrhea and/or hemorrhagic colitis (bloody diarrhea). About 5-10% of children infected 
with these agents subsequently develop a sequela called the hemolytic uremic 
syndrome (HUS) that is characterized by hemolytic anemia, thrombocytopenia, and 
kidney dysfunction and/or failure. The capacity of STEC to cause bloody diarrhea and 
HUS derives from the activity of the Stxs. There are two major types of Stxs expressed 
by E. coli associated with human disease: Stx1 and Stx2 (or variants thereof). These 
cytotoxins block eukaryotic translation and are structurally similar; however, Stx1 and 
Stx2 differ in relative toxicity both for Vero cells and for mice. Stx2 and its variants are 
more toxic than Stx1 when injected in pure form into mice or when STEC is fed orally to 
mice pre-treated with streptomycin (str) to reduce facultative bowel flora or gavaged into 
mice with an intact commensal flora. We have found that STEC strains that produce a 
particular variant of Stx2, called Stx2dact, are exquisitely virulent in the str-treated 
mouse oral challenge model. Furthermore. Stx2dact exhibits increased cytotoxicity or 
"activation" after incubation with crude mucus isolated from mice or humans or with 
purified elastase. 

We are interested in the contribution of Stx type to disease and will test strains 
that produce more than one toxin type for virulence in mice and then evaluate the 
pathogenesis of derivatives of those strains that are mutated in one toxin type. 
Additionally, the potency of Stx subtypes can be measured by oral gavage or by 
intraperitoneal or intravenous injection into mice. Studies to determine the relative 
potency of toxin subtypes are important to estimate the potential virulence of STEC 
strains in humans. We will examine the virulence of human outbreak strains such as 
the German 0104: H4 isolate in our mouse models to directly ask about the 
pathogenicity of such isolates. Furthermore, because the 0104:H4 strain likely acquired 
the capacity to produce Stx2 through lysogeny with an stxrencoding phage, we will 
examine if the 0104: H4 phage can be transmitted to other bacterial strains within the 
intestines of mice or if a phage cured derivative of 0104:H4 can become lysogenized 
again with the toxin-encoding phage in vivo. 

We found that Stx2 has the capacity to enhance STEC colonization in tissue 
culture and in mice. Stxs bind to globotriaosylceramide (Gb3) on the surface of host 
cells. In addition, we demonstrated that eukaryotic cells treated with Stx2 exhibit an 
increase in cell-surface localized nucleolin (a host factor that interacts with intimin, a 
common STEC adhesin). Jn the proposed studies, we will characterize the capacity of 
Stx1 to augment STEC colonization in a manner similar to that of Stx2. In addition, we 
wi!I address our hypothesis that nucleolin plays a role in the Stx-mediated enhancement 
of colonization by STEC strains in mice. 

Previous studies in our laboratory and others showed that Gb3 expression on 
host cells is elevated in the presence of butyrate. a metabolite produced by some 
commensal gut flora_ We found that a high fiber diet (10% guar gum) causes an 
increase in intestinal butyrate levels. which may lead to increased cell surface Gb3 and 
enhanced Stx binding and transit through the gut. Therefore we will examine the effect 
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of alterations in the amount of fiber in the mouse diet on susceptibility to toxin alone or 
to infection with STEC strains. 

Our studies in mice have largely been restricted to the outbred CD-1 and inbred 
BALB/c and C578L/6 strains. Recently a large number of BXD mouse strains (parental 
mice::: C57BL/6J and DBA/2J) were established that can be used to determine genetic 
markers that correlate with susceptibility to infection or intoxication. Although many 
investigators believe that there must be host genetic factors involved in the 
development of the HUS, we have not previously had a model to ask questions about 
what those host factors might be. In these studies we plan to assess the relative 
susceptibility of the BXD mice to intoxication by Stx1 or Stx2, or to colonization by 0157 
strains that produce either Stx1 or Stx2. 

Ricin is a plant toxin that has the same mode of action as the Stxs. No vaccine is 
currently licensed to protect individuals from infection or disease caused by STEC or 
from intoxication with ricin. We have begun to develop and test anti-ricin and anti-Stx 
therapeutics that rely on a) the conjugation of antibody fragments to the cell-binding 
domain of ricin or Stx; or. b) small molecule inhibitors of ricin (obtained from a 
collaborator); or, c) morpholino compounds that are either anti-bacterial or wlll suppress 
toxin expression from STEC strains. We will examine the protective capacity of the 
inhibitors in tissue culture and mice. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: Pubmed, Biomedical Research Database, NIH 
RePORTER 

11.2.2. Date of Search: 6-7 May 2012 

11.2.3. Period of Search: Pubmed: 1948-present, English filter 
Biomedical Research Database: 1998-2009 
NIH RePORTER: 1998-2012 active projects 

11.2.4. Key Words and Search Strategy: 
1. "Shiga toxin OR Verotoxin" AND "mouse OR mice" AND "infection OR intoxication" 
2. "Ricin" AND "mouse OR mice" AND "intoxication" 

11.2.5. Results of Searches: 

Pubmed: "Shiga toxin OR Verotoxin" AND "mouse OR mice" AND "infection OR 
intoxication" 
Results: A total of 150 publications were found. Ten publications are from our 
laboratory. The remaining studies focused on diagnostics and detection (5 reports), 
pathogenesis of STEC and Stx (33), host response and interactions with host cells (24), 
therapeutics (22), antibiotic treatment of STEC infection ( 12), vaccine development (19), 
the use of probiotics as alternative therapies (6). epidemiology (1 ), and topics not 
relevant to the search (13). Of particular interest are 20 publications that discuss 
various mouse models to assess STEC infection or Stx intoxication. Two papers 
investigated the use of CJtrobacter rodentium strains that express Stx as a means to 
study the role of Stx in infection. Five of the twent'/ papers are from our laboratory. 
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They describe the streptomycin-treated CD-1 mouse model that we use to investigate 
morbidity and mortality caused by STEC. the intact commensal flora BALB/c mouse 
model that we use to study the capacity of EHEC strains to colonize the gut. and the 
CD-1 mouse model of Stx intoxication. An additional six publications used various 
mouse models to emulate the hemolytic uremic syndrome that is a sequel in humans. 
Several publications, at least three of which are from our laboratory, demonstrated the 
capacity of antibodies that neutralize Stx activity to protect against STEC infection. 
These studies provide a strong foundation to support our studies in Experiment V.1 .6., 
which utilize neutralizing antibodies as components of potential therapies to counter 
STEC disease. 

Pubmed: "Ricin" AND "mouse OR mice" AND "intoxication" 
Results: A total of 34 publications were identified, none of which are from our laboratory. 
The studies focused on vaccines (4), anti-ricin therapeutics (9). detection of ricin (3), 
ricin toxicity (4), the host response to ricin (3), the mechanism of action of ricin (5). and 
topics not relevant to the search (5). None of the reports investigated the mechanisms 
by which ricin transits throughout the body or the novel liposome-receptor-antibody 
approach that we will test as a therapeutic. 

Biomedical Research Database: "Shiga toxin OR Verotoxin" AND "mice OR mouse" 
Results: A total of 29 projects were identified and all of them are from our laboratory_ 

Biomedical Research Database: "Ricin" AND "mouse or mice" 
Results: A total of 72 projects were identified in this search, of which four are from our 
laboratory. The studies focused on bioassays and detection (12). toxicology of ricin (4). 
a skin patch vaccine (8). recombinant ric1n subunit vaccines (18), vaccines that protect 
against multiple bioweapons (2). and therapeutics and countermeasures to treat ricin 
exposure (18). Six were deemed irrelevant to the topic of the search. The projects 
identified in this search do not overlap with our proposed experiments. 

NIH RePORTER: "Shiga toxin OR Verotoxin" AND "mice OR mouse" 
Results: A total of 22 projects were identified in this search, of which 5 are not relevant. 
The remaining projects addressed therapeutics (5), innate immunity (2). diagnostics (1). 
Stx-encoding phage (1). EHEC pathogenesis (5), and animal models of STEC disease 
(3). None of these projects overlap with our proposed experiments. 

NIH RePORTER: "Ricin" AND "mouse or mice" 
Results: Ten studies were returned in this search and six were deemed irrelevant to the 
studies proposed here. Two addressed therapeutics, one related to innate immunity, 
and one was focused on diagnostics. Our proposed studies do not overlap with the 
studies identified here. 

Ill. OB.JECTIVE\HYPOTHESIS: The goals of the studies outlined in this protocol 
are 1) to characterize the roles of Shiga toxins in the pathogenesis of EHEC disease; 2) 
to determine the level of nucleolin expression in the intestine in response to EHEC 
infection; 3) to assess the contribution of specific diets to the pathogenesis of STEC. 4) 
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to identify host biomarkers of EHEC disease using advanced recombinant mbred (ARI) 
mice with defined genotypes; and 5) to measure the safety and efficacy of therapeutic 
compounds designed to ablate the lethal effects of Stx or ricin. 

IV. MILITARY RELEVANCE: E coli 0157:H7 and E. coli 0104:H4 have the potential 
to simultaneously infect large numbers of people who ingest as few as 100 organisms in 
common source food- or water-borne outbreaks (examples: July 1996 outbreak in Japan 
that affected -10,000 people, 2006 outbreak in the U.S. linked to spinach, 2011 outbreak in 
Germany linked to fenugreek seeds). In addition, the rate of secondary transmission of E. 
coli 0157:H7 is high. Therefore, large-scale infection of soldiers with E. coJ; 0157:H7 or 
another Shiga-toxin producing E. coli (STEC) isolate would likely result in an incapacitating 
illness among troops. Furthermore. Stx and other Stx family members are considered 
potential biological warfare/terrorist threats as highlighted by the CDC- and DoD-mandated 
select agent restrictions on use. storage and shipment of Stxs and Stx-expressing clones. 

Jn addition to the Stxs. our laboratory studies ricin, a toxin derived from the castor 
bean. Ricin is also select agent and is considered to be a potential bioterrorism weapon. 
Our laboratory has designed potential therapeutics against ricin and will need to test the 
safety and efficacy of these treatments. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: For the majority of the studies 
proposed here, we will use one of the following mouse models of EHEC infection or Stx 
or ricin intoxication. 

V.1.A. Infection with Enterohemorrhaqic E. coli CEHEC) to assess virulence: Six- to 
eight-week-old mice will be given drinking water that contains streptomycin (str, 5 g/liter) 
or ampicillin (amp, 5-10 g/L) to reduce normal facuftative flora. [Note: from published 
studies, we know that after 1 day of str or am~ treatment, the number of facultative 
bacteria drops from about 106 to fess than 10 CFU/g of feces. and the number of 
anaerobic bacteria remains constant at about 109 CFU/g of feces (3. 6).] Mice will then 
be fasted overnight. An overnight fast is needed to reduce the volume of the stomach 
contents so that the entire inoculum can be administered. Jn addition, we have found 
that mice fed by Pipetman or weigh boat are more likely to ingest the inoculum if they 
have been fasted. The next morning, groups of five mice will be fed 102 to 1 o,° CFU of 
the E. coli strain (str or amp resistant) to be tested in 25-100 µI of 20% sucrose. The 
oral infection will be accomplished either by holding the mice and allowing them to eat 
the material as delivered from a Pipetman tip. by placing weigh boats with the inocula in 
the cages of the animals, or by oral gavage with a 20 gauge. 1 Yz" disposable gavage 
needle. The mice readily ingest the bacterial suspension which is prepared by 
harvesting the bacteria by centrifugation. washing the bacterial pellet twice in phosphate 
buffered saline (PBS, pH 7.4), and suspending the washed bacteria in 1 ml of sterile 
20% (w/v) sucrose. After inoculation the animals will then be returned to their cages and 
permitted food and water containing 5 g/liter str or amp ad fibitum. Mice wHI be weighed 
daily and any mice that lose more than 30% of their initial body weight will be 
euthanized. The endpoint for this study is extreme morbidity or mortality. as defined in 
Section V.4.5, and the experiment will be continued for 21-28 days. The timing of the 
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inoculations will be planned such that the majority of the illnesses will occur during 
normal business hours (0600-1900) to facilitate more frequent monitoring of the animals 
so as to permit euthanasia as soon as mice are extremely moribund. Death due to 
infection typically occurs 3-6 days post-inoculation, depending on the EHEC strain used. 
lnocuiations will be done on the morning of the first day of the experiment so as to 
permit maximum monitoring during the times of day when we typically observe the most 
deaths. If we observe that more deaths occur between 1900 and 0600 in the 
experiments described here, we will change the inoculation time such that deaths will 
occur during the day and/or we will monitor the mice every 4-6 hrs between 1900 and 
0600. Mice will be monitored for signs of extreme morbidity (see Section V.4.5 below 
for definition of extreme morbidity) as described in Section V.3.5. 1 . Any mice that 
exhibit extreme morbidity will be euthanized immediately by inhalational isoflurane 
overdose followed by cervical dislocation. 

V.1.B. Infection with EHEC to monitor colonization. Six- to eight-week-old mice will be 
fasted overnight. An overnight fast is needed to reduce the volume of the stomach 
contents so that the entire inoculum can be administered. In addition, we have found 
that mice fed by Pipetman or weigh boat are more likely to ingest the inoculum if they 
have been fasted. The next morning, groups of five mice will be fed 108 to 101° CFU of 
the E. coli strain to be tested in 25-100 µI of 20% sucrose. The oral infection will be 
accomplished either by holding the mice and allowing them to eat the material as 
delivered from a Pipetman tip, by placing weigh boats with the inocula in the cages of 
the animals, or by oral gavage with a disposable gavage needle. Once the mice are 
fed, they will be returned to their cages and allowed food and water ad libitum. Mice 
orally inoculated in this way may be further monitored in the following ways: 1) the 
morbidity due to 0157 infection will be assessed through observation of physical 
symptoms (Section V.3.5.1 ), 2) the degree to which a given strain colonizes the 
intestine will be determined by the number of CFU that persist in the feces for up to 14 
days after infection (mice will be placed individually into empty cages and approximately 
1 g of feces will be collected, homogenized in 10 ml of 1 % PBS, and 10-fold seria I 
dilutions of the homogenate prepared and plated on agar media that contains the 
appropriate antibiotics); 3) bacteremia will be monitored by enumeration of bacteria in 
the blood (blood will be collected either once by tail vein bleed, or, if the mice are to be 
euthanized for tissue collection, blood will be collected immediately after the mice are 
euthanized); and/or 4) specific sites of colonization and/or toxin localization will be 
determined by examining tissues collected from infected animals. Mice will be weighed 
daily and any mice that lose more than 30% of their initial body weight will be 
euthanized. The endpoint for this study is euthanasia 7-21 days post-inoculation. While 
we do not anticipate significant morbidity or mortality in these mice, the mice will be 
monitored for signs of extreme morbidity (see Section V.4.5 below for definition of 
extreme morbidity) as described in Section V.3.5.1. Any mice that exhibit extreme 
morbidity will be euthanized immediately by inhalational isoflurane overdose followed by 
cervical dislocation. Death due to infection in this model is uncommon, but occurs 3-6 
days post-inoculation. 

V.1.C. Intoxication with Stx or ricin. Six to eight week old male or female mice will be 
intoxicated by i.p. injection of Stx or ricin in sterile phosphate-buffered saline using a 26 
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gauge needle attached to a tuberculin syringe or by oral gavage with a 20 gauge 1.5" 
gavage needle. Mice wifl be weighed daily and any mice that lose more than 30% of 
their initial body weight wilt be euthanized. The endpoint for this study is extreme 
morbidity or mortality, and the experiment will be continued for 14-21 days. The timing 
of the inoculations will be planned such that the majority of the illnesses will occur 
during normal business hours (0600-1900) to facilitate more frequent monitoring of the 
animals so as to permit euthanasia as soon as mice are extremely moribund. Death 
due to intoxication typically occurs 2-3 days post-inotoxication. Inoculations will be 
done on the morning of the first day of the experiment so as to permit maximum 
monitoring during the times of day when we typically observe the most deaths. If we 
observe that more deaths occur between 1900 and 0600 in the experiments described 
here, we will change the inoculation time such that deaths will occur during the day 
and/or we will monitor the mice every 4-6 hrs between 1900 and 0600. Mice will be 
monitored for signs of extreme morbidity (see Section V.4.5 below for definition of 
extreme morbidity) as described in Section V.3.5.1. Any mice that exhibit extreme 
morbidity will be euthanized immediately by inhalational isoflurane overdose followed by 
cervical dislocation. 

V.1.1. Experiment 1. Characterization of the roles of Shiga toxin variants in the 
pathogenesis of STEC disease. Our EHEC virulence (V.1.A) model and our EH EC 
colonization model (V.1.B) will be used to investigate the involvement of Stx variants in 
the pathogenesis of STEC-mediated disease. 

V.1.1.1. Assessment of the impact of Stx2dact versus Stx2c on STEC virulence when 
the toxins are expressed in otherwise isogenic backgrounds. We previously 
demonstrated that STEC B2F1 . a strain that produces Stx2dact, exhibits enhanced 
virulence in our mouse model of STEC infection. Stx2dact is the most potent form of 
Stx2, and we theorize that the increased activity of this toxin variant is due to the fact 
that it is activated by intestinal mucus. One hypothesis that we will test in aim #2 of our 
NIH grant is whether a derivative of strain B2F1 that produces Stx2c (Stx2c is less 
potent than Stx2dact on tissue cul tu re cells), rather than Stx2dact, is attenuated in str
treated CD-1 mice. Our second mouse virulence study will compare EHEC strain 86-24 
(Stx2+) to 86-24 making Stx2dact. These latter studies, in which 86-24 producing 
Stx2dact will be tested for virulence in mice, will be done in the ABSL-3 Suite once the 
Suite is available, as requested by the Division of Select Agents and Toxins at the CDC 
(see attached Jetter, enclosure 2). 

These studies will be performed exactly as described in V .1.A above. 

V.1.1 .1.1: Investigation of contribution of Stx2c to B2F1 virulence. 
Group 1: 5 mice at 101 CFU B2F1 
Group 2: 5 mice at 102 CFU B2F1 
Group 3: 5 mice at 104 CFU B2F1 
Group 4: 5 mice at 106 CFU B2F1 
Group 5: 5 mice at 101 CFU B2F1 making Stx2c only 
Group 6: 5 mice at 102 CFU B2F1 making Stx2c only 
Group 7: 5 mice at 10"" CFU B2F1 making Stx2c only 
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Group 8: 5 mice at 106 CFU B2F1 making Stx2c only 
Group 9: 5 mice at 108 CFU B2F1 making Stx2c only 
Group 10: 5 mice at 101° CFU B2F1 making Stx2c only 

5 mice/group x 10 groups x 4 iterations = 200 CD-1 mice 

V.1 .1 .1 .2: Investigation of contribution of Stx2dact to 86-24 virulence. 
Group 1: 5 mice at 1 0 8 CFU 86-24 
Group 2: 5 mice at 101° CFU 86-24 
Group 3: 5 mice at 102 CFU 86-24 making Stx2dact only 
Group 4 : 5 mice at 104 CFU B2F1 making Stx2dact only 
Group 5: 5 mice at 106 CFU B2F1 making Stx2dact only 
Group 6: 5 mice at 108 CFU B2F1 making Stx2dact only 
Group 7 : 5 mice at 101° CFU 82F1 making Stx2dact only 

5 mice/group x 7 groups x 4 iterations= 140 CD-1 mice 

Total number of mice (V.1.1): 200 + 140 ""340 CD-1 mice 

V. 1. 1.2. Feeding of novel Stx2dact-producing strains to mice. Our laboratory is involved 
in an ongoing characterization of STEC isolates identified in California or locally. When 
we identify an isolate that makes Stx2dact. the IACUC will be notified We w ill assess 
the virulence of that isolate in male CD-1 mice at doses of 104 to 101° CFU/mouse. We 
may receive up to 5 such strains/year. CD-1 m ice will be inoculated orally w ith each 
strain as described in V .1 .A. 

Group 1: 5 mice at 104 CFU 
Group 2: 5 mice at 106 CFU 
Group 3: 5 mice at 108 CFU 
Group 4: 5 mice at 101° CFU 

5 mice/group x 4 groups x 5 strains/year x 3 years = 300 CD-1 mice 

V. 1. 1.3 . Assessment of virulence of STEC outbreak isolates. Our laboratory is uniquely 
poised to rapidly characterize the v irulence of STEC isolates recovered during 
outbreaks with our currently approved procedures o r modifications thereof. In studies 
approved as a major modification tcJCb)(G) lwe tecently developed a new mouse 
model of infection for the unique E. cofi0104:H4 strain (C227· 11) that caused a serious 
STEC outbreak linked to contaminated fenugreek seeds that occurred in Germany in 
May 2011. When we receive a new outbreak isolate, we will assess the virulence of 
that isolate in our str-treated male CD-1 mouse model (V.1 .A) and we will investigate 
the capacity of the strain to colonize the gut in our ICF BALB/c mouse model (V.1 .B). In 
our extensive experience w ith these models. we have found that a minimum of four 
experiments with each m ouse model is necessary to accurately compare the virulence 
or each outbreak strain to that of our prototype STEC strains 86-24 o r B2F1 , Additio11al 
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studies will be necessary to characterize the role of Stx(s) in the capacity of each strain 
to coronize the gut and to cause disease. We may receive up to 3 such strains/year. 

V.1.1 .3.1: Infection of str-treated CD-1 mice with outbreak strain to assess 
virulence. 
Group 1: 10 mice infected with 101° CFU 86-24 or 106 CFU B2F1 
Group 2: 1 O mice infected with 106 CFU outbreak strain 
Group 3: 10 mice infected with 108 CFU outbreak strain 
Group 4: 10 mice infected with 101° C FU outbreak strain 

10 mice/group x 4 groups x 4 iterations x 3 strains/year x 3 years= 1440 male 
C0-1 mice 

V .1. 1 .3-2: Infection of str-treated C D-1 mice with Stx- derivative(s) of outbreak 
strain to assess contribution of Stx to virulence. 
Group 1: 10 mice infected with lethal dose of outbreak strain identified above 
Group 2: 1 O mice infected with same dose of Stx-negative derivative of outbreak 
strain 

10 mice/group x 2 groups x 4 iterations x 3 strains/year x 3 years = 720 male 
C0-1 mice 

V.1.1.3.3: Infection of ICF BALB/c mice with outbreak strain to assess 
colonization of th~ 
Group 1: 1 O mice infected with 1010 CFU 86-24 or 106 CFU B2F1 
Group 2: 10 mice infected with 101° CFU outbreak strain 

10 mico/group x 2 groups x 4 iterations x 3 strains/year x 3 years= 720 BALB/c 
mice 

V.1.1.3.4: Infection of !CF BALB/c mice with Stx- derivative(s} of outbreak strain 
to assess the contribution of Stx to colonization of the gut. 
Group 1: 10 mice infected with 1010 C FU outbreak strain 
Group 2: 10 mice infected with 101° C FU of Stx-negative derivative of outbreak 
strain 

10 mice/group x 2 groups x 4 iterations x 3 strains/year x 3 years= 720 BALB/c 
mice 

Total number of mice (V.1.3) 
1440 + 720 =- 2160 male CD-1 mice 
720 + 720 =- 1440 female BALB/c mice 
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V. 1. 1.4. Characterization of roles of each Stx variant in STEC disease caused by 
strains that encode more than one Stx. Some STEC strains encode for and produce 
more than one Stx. To investigate the contribution of each Stx variant to colonization 
and pathogenesis, we will challenge mice with the parent strain or isogenic strains that 
do not produce one or both Stx variants. The strains that we will test in our str-treated 
C0-1 virulence model (V.1 .A) and in our ICF BALB/c model (V.1.B) are as follows: 

933 (Stx1, Stx2) and isogenic derivatives that are Stx1-Stx2+. Stx1+Stx2-. Stx1-
Stx2-; 

• B2F1 (Stx2dact1. Stx2dact2) and its isogenic derivatives that are Stx2dact1 -
Stx2dact2+, Stx2dact1 +Stx2dact2-. Stx2dact1-Stx2dact2-; 

• K3995 (Stx2, Stx2c) and its isogenic derivatives that are Stx2-Stx2c+. 
Stx2+Stx2c-. Slx2-Stx2c-

V.1.1 .4.1. Infection of str-treated CD-1 mice to assess virulence of Stx
derivatives. 
Group 1: 10 mice infected with lethal dose of parent strain 
Group 2: 1 0 mice infected with same dose of parent strain missing one Stx 
Group 3: 10 mice infected with same dose of parent strain missing the other Stx 
Group 4: 10 mice infected with same dose of parent strain missing both Stxs 

10 mice/group x 4 groups x 4 iterations x 3 parent strains = 480 male CD-1 mice 

V.1.1.4.2: Infection of ICF BALB/c mice Jo assess capacity of Stx- derivative(s) to 
colonize the gut. 
Group 1: 10 mice infected with parent strain 
Group 2: 1 O mice infected with same dose of parent strain missing one Stx 
Group 3: 1 O mice infected with same dose of parent strain missing the other Stx 
Group 4: 1 O mice infected with same dose of parent strain missing both Stxs 

10 mice/group x 4 groups x 4 iterations x 3 parent strains == 480 BALB/c mice 

V.1.1 4.3: Infection of ICF BALB/c mice to determine the site of colonization of 
parent strain and Stx- derivatives. 
Group 1: 10 mice infected with parent strain 
Group 2: 10 mice infected with same dose of parent strain missing one Stx 
Group 3: 10 mice infected with same dose of parent strain missing the other Stx 
Group 4: 10 mice infected with same dose of parent strain missing both Stxs 

10 mice/group x 4 groups x 2 iterations x 3 parent strains = 240 BALB/c mice 

Total number of mice (V.1.1.4) 
480 male CD-1 mice 
480 -+- 240 = 720 female BALB/c mice 

Total number of mice for V_ 1.1: 
340-+- 300-+- 2160-+- 480 = 3280 male CD-1 mice 
1440-+- 720 = 2160 female BALB/c mice 

USU HS Fonn 3206 - Revised October 2CC8 

Previous versions are obsolete 11 



v.1.2. E-xpefiment 2: Investigation of the role ofa high fiber dlet in STEC 
patho-gen~sls , Previous studies in ou r laboratory and others showed that the receptor 
fo r St):s in vitro and in vivo is Gb3, which is on the surface of host cells in the intestines 
and kidney. Gb3 expression on host cells is elevaied in the presence of butyrate , a 
metabolite produced by some commef'isal gut f1ora. We recently found that a high fiber 
diet (10% guar gum) causes an increase in intestinal butyrate levels, which rnay lead to 
increased cell surface Gb3 and enhanced Stx bind ing and transit through the gut. To 
test this hypothesis , we will employ a modified version of our BALBic ICF model (V.1.B). 
Fourteen days prior to challenge with 86~24 (produces St.x2) or its isogenic Stx2-
derivative TUV86~2. mouse chow will be changed from the standard diet provided by 
LAM (3.5% plant fiber) to custom diets from f bJ<4> Jthat contain either 2% guar 
gum (low fiber) or 10% guar gum (h igh fiber) as the sole fl er source . In some 
experiments. 5 !JM butyrate will be co- injected with the inoculum (EHEC or Stx) . In 
ot her experiments. mice wilt be challenged with derivatives of 86-24 and TUV86-2' that 
express green fluorescent protein (GFP) or ted fluorescent protein (RFP) to permit in 
vivo imaging with our Carestfeam MultiSpectral FX Pro in vivo imaging system. The 
Carestream Multispectral FX Pro has a large dynamic range and a highe signal:noise 
ratio for fluorescence: in addition, it has x-ray capability that permits more accurate 
signal localization. At each time point. up to five mice will be anesthetized with 
isoflurane and placed on a heated platform within th e imaging box of the Carestream 
M u llispectral FX Pro for imaging as described in Section V.4.1 .2.1. 

V.1.2. 1: Infection of mice fed custom die·ts to assess colonizafiQD adherence Gb3 
e;wJJ?ssisw. andLor:..Stx _binding. and to c;harac&nze f@_JJ'1ous&._i_ntestinal microb1om~~ 
Female BALBfc mice will be fed a low fiber or a high fiber diet for 14 days prior to 
challenge by oraf gavage with 86-24 or TuV86-2 as described in V .1.B above. In some 
studies, colonlzation of the gut will be assessed daily for up to 14 days by bacterial 
enumeration of homogenized fecal samples. In other studies, mice will be euthanized 
at specific times post-challenge and intestines and k idneys will be haNested for 
immunohis tochernistry and/or fll.Jorescent microscopy. 

V.1.2. 1 .1: Intestinal colonization of mice fed custom diets and challenged with 
EHEC. 
Group 1: 1 O mice, low fiber diet, 86-24 challenge 
Group 2 ; 10 mice, high fiber diet, 86-24 challenge 
Group 3: 10 mice. low fiber diet. TUV86-2 challenge 
Group 4 : 10 mice, high fiber diet, TUV86-2 challenge 

10 mice/group x 4 groups x 3 iterat;ons = 120 female BALB/c mtce 

V .1.2. 1 .2 : Harvest of tissues from mice fed custom diets and challenged with 
EHEC. Mice will be fed one of the two diets tor 14 days, challenged with 86- 24 
o r TUV86·2 (or their GFP-expressing derivatives), and euthan ized 6 h. 24 h, 48 
h. 72 h , 96 h, 120 h . and 168 h post- inoculation. Intestines and kidneys will be 
harvested and prepared for immunohistoehemistry. 
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Group 1: 5 mice. low fiber diet, 86-24 challenge 
Group 2: 5 mice, high fiber diet, 86-24 challenge 
Group 3: 5 mice, low f iber diet, T UV86-2 challenge 
Group 4 : 5 mice, high fiber diet, TUV86-2 challenge 

10 mice/group x 4 groups x 7 time points x 2 iterations~ 560 female BALB/c 
mice 

V .1. ::> 1 .3 : Chatacteriza.t.iQn 0Jt11e_mo-1.1se intes1inal mlcrQ~lome if'l mice fed 
c u stom d iets and challenged w ith STEC. We w ill u se l llumina sequencing of 
fecal 1GS rDN A from mice fed high or low fibers diets to a!>sess the effects of d iet 
and STEC on the m 1crobiome. Fe c a l samples will be collected from mice daily 
for M days prior to and 14 days after challenge with 86-24 or sterile saline 
Group 1 : 8 m ice. low f iber diet, sterile salin e challenge 
Group 2 : 8 m ice , high fiber diet, sterile saline challenge 
Group 3: 8 mrce, low frber diet, 86-24 challenge 
G roup 4 : 8 mice, high fiber diet. 86-24 challehg e 

8 mice/group x 4 groups x 2 iterations = 64 female BALB!c mice 

Total number of mice (V.1.2. 1) ,. 120 + 560 = 64 = 744 female BALBl c mice 

V .1 .2 .2 . Use of an intestinal loop model to assess EHEC adherence to in te_stinal 
epithelium. S tx b ind ing to Gb3. Stx transit through the intestinal ep1thcliun1 . nucleolin 
teQistribution to the cpLthelial cell surface. a.ru:l Stx-mediaied induction.of apoQtosls.,, 
An intestinal loop m odel w ill be used to investigate direct interactions between EHEC. 
Stx, and the lntcstlnal epithelium. The procedure that w e will use is a modification of a 
protocol that was described byl<bX6 > let al. for analys is or the effects of 
Clostndium perfnngens epsilon toxin o n different segments of the intestines (2) . The 
procedure 1s described in aetail in Section V.4.3.2. In brief, female B ALB/c mice will be 
anesthetized and the ir peritoneal cavities will be exposed. The in testine s will be 
removed and loops will be formed. EHEC, Stx, and/or butyrate will be injected into the 
loops. the intestines will be placed back into the peritoneum. and the incision w ill be 
closed with sutures . Topical and general analgesia will be provide d during the 6 hour 
t ime cou rse of the study. A ll proceduris w ill be conducted ma certified Biosafety 
Cabinet in our satellite animal roomJCb 65 !At the study endpoint. mice will be 
euthanized by an overdose of inhaled isoflurane followed by cervical dislocat ion and 
intestines w ill be harvested for further analysis. 

1.2.2. 1 . Inoculation of intestinal loops with EHEC strains 86-24 or TUV86~2. 
~ach group will include 5 m ice inoculated with 86-24 , 5 m ice inoculated with 
TUVSG-2. and 2 mice inoculated with sterile saline in a particular lntestlnall site, 
for a total of 12 mice per ligature site. 

Group 1: 12 mice with loop in duodenum/jejun um 
Group 2: 12 mice with loop in ileum 
Group 3: 12 mice with loop in cecum 
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Group 4: 12 mice with loop in ascending colon 
Group 5: 12 mice with loop in distal colon 

12 mice/group x 5 groups x 3 iterations= 180 female BALB/c mice 

1.2.2.2: Inoculation of intestinal loops with Stx1 or Stx2. Each group will include 
5 mice inoculated with 500 ng Stx1, 5 mice inoculated with 500 ng Stx2, and 2 
mice inoculated with sterile saline in a particular intestinal site, for a total of 12 
mice per ligature site_ 

Group 1: 12 mice with loop in duodenum/jejunum 
Group 2: 12 mice with loop in ileum 
Group 3: 12 mice with loop in cecum 
Group 4: 12 mice with loop in ascending colon 
Group 5: 12 mice with loop in distal colon 

12 mice/group x 5 groups x 3 iterations= 180 female BALB/c mice 

1 _2.2_3: Inoculation of intestinal loops with butyr<;1!_e and EHEC strain 86-24-
Each group will include 5 mice inoculated with 86-24, 5 mice inoculated with 5 
µM butyrate diluted in sterile saline+ 86-24, and 2 mice inoculated with 5 µM 
butyrate diluted in sterile saline in a particular intestinal site, for a total of 12 mice 
per ligature site_ 

Group 1: 12 mice with loop in duodenum/jejunum 
Group 2: 12 mice with loop in ileum 
Group 3: 12 mice with loop in cecum 
Group 4: 12 mice with loop in ascending colon 
Group 5: 12 mice with loop in distal colon 

12 mice/group x 5 groups x 3 iterations= 180 female BALB/c mice 

1.2-2-4: Inoculation of intestinal loops with butyrate and Stx1 or Slx2- Each 
group will include 5 mice inoculated with 500 ng Stx1 or Stx2, 5 mice inoculated 
with 5 µM butyrate diluted in sterile saline + 500 ng Stx1 or Stx2, and 2 mice 
inoculated with 5 µM butyrate diluted in sterile saline in a particular intestinal site, 
for a total of 12 mice per ligature site_ 

Group 1: 12 mice with loop in duodenum/jejunum 
Group 2: 12 mice with loop in ileum 
Group 3: 12 mice with loop in cecum 
Group 4: 12 mice with loop in ascending colon 
Group 5 : 12 mice with loop in distal colon 

12 mice/group x 5 groups x 2 toxins x 3 iterations = 360 female BALBlc mice 
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Total number of mice (V.1.2.2) = 180 + 180 + 180 + 360 = 900 female BALB/c 
mice 

Total number of mice (V.1.2) = 744 + 900 = 1644 female BALB/c mice 

V.1.3. Experiment 3: Acute intoxication with Stxs. We recently optimized our mouse 
models of acute Stx intoxication after i.p. or oral administration of purified toxin. We will 
intoxicate mice via the i.p. or oral routes to confirm our preliminary LD5o observations. 
In addition, we will intoxicate mice with fluorescentry-labeled Stx and use in vivo imaging 
to monitor Stx transit through the mouse after oral intoxication. 

V. 1.3.1. lntraperitoneal administration of Stx variants to calculate LO~ values. Stx 
variants will be administered to BALB/c mice via i.p injection with a 26 gauge needle 
attached to a tuberculin syringe. Mice will be closely monitored for morbidity and 
mortality, and any mice that exhibit two or more signs of morbidity will be euthanized by 
isoflurane overdose followed by cervical dislocation. We wifl determine the i.p. LD50 for 
Stx2c, buffer-treated (BT)-Stx2dact, and elastase-treated (ET)-Stx2dact. One group of 
mice intoxicated with 5 LD50 of Stx2 (5 ng) will serve as the positive control group in 
each experiment. The LD50 will be calculated with Probit analysis. 

V. 1.3. 1.1: lntraperitoneal administration of Stx2 and Stx2c 
Group 1: 5 mice at 10 ng Stx2 
Group 2: 5 mice at 0.5 ng Stx2c 
Group 3: 5 mice at 1 ng Stx2c 
Group 4: 5 mice at 2 ng Stx2c 
Group 5: 5 mice at 5 ng Stx2c 
Group 6: 5 mice at 1 0 ng Stx2c 
Group 7: 5 mice at 20 ng Stx2c 
Group 8: 5 mice at 50 ng Stx2c 

5 mice/group x 8 groups x 2 iterations = 80 BALB/c mice 

V.1.3.1.2: fntraperitoneal administration of Stx2. BT-Stx2dact. and ET-Stx2dact. 
Group 1: 5 mice at 1 O ng Stx2 
Group 2: 5 mice at 0.5 ng BT-Stx2dact 
Group 3: 5 mice at 1 ng BT-Stx2dact 
Group 4: 5 mice at 2 ng BT-Stx2dact 
Group 5: 5 mice at 5 ng BT-Stx2dact 
Group 6: 5 mice at 1 0 ng BT-Stx2dact 
Group 7: 5 mice at 0.5 ng ET-Stx2dact 
Group 8: 5 mice at 1 ng ET-Stx2dact 
Group 9: 5 mice at 2 ng ET-Stx2dact 
Group 10: 5 mice at 5 ng ET-Stx2dact 
Group 11. 5 mice at 10 ng ET-Stx2dact 

5 mice/group x 11 groups x 2 iterations = 110 BALB/c mice 

Total number of mice (V.1.3.1) = 80 + 110 = 190 female BALB/c mice 
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V. 1.3.2. Oral gavage of Stx variants to calculate LD50 values. Stx variants will be 
administered via oral gavage as in V.1.A above and mice will be closely monitored for 
morbidity and mortality. Any mice that exhibit two or more signs of morbid\t'y will be 
euthanized by isoflurane overdose followed by cervical dislocation. We wilt determine 
the oral LDso for Stx2c, buffer-treated (BT)-Stx2dact, and elastase-treated (ET)
Stx2dact. One group of mice intoxicated with 5 LDso of Stx2 (17 µg) will serve as the 
positive control group in each experiment. 

V. 1.3.2. 1: Oral qavaqe of Stx2 and Stx2c 
Group 1: 5 mice at 17 µg Stx2 
Group 2: 5 mice at 5 µg Stx2c 
Group 3: 5 mice at 10 µg Stx2c 
Group 4: 5 mice at 20 µg Stx2c 
Group 5: 5 mice at 50 µg Stx2c 
Group 6: 5 mice at 100 µg Stx2c 

5 mice/group x 6 groups x 2 iterations ,.. 60 BALB!c mice 

V. 1.3.2.2: Oral qavaqe of Sfx2, BT-Stx2dacf, and ET-Stx2dacf. 
Group 1 : 5 mice at 17 µg Stx2 
Group 2: 5 mice at 2 µg BT-Stx2dact 
Group 3: 5 mice at 5 µg BT-Stx2dact 
Group 4: 5 mice at 10 µg BT-Stx2dact 
Group 5: 5 mice at 20 µg BT-Stx2dact 
Group 6: 5 mice at 50 µg BT-Stx2dact 
Group 7: 5 mice at 2 µg ET-Stx2dact 
Group 8: 5 mice at 5 µg ET-Stx2dact 
Group 9: 5 mice at 10 µg ET-Stx2dact 
Group 10: 5 mice at 20 µg ET-Stx2dact 
Group 11: 5 mice at 50 ng ET-Stx2dact 

5 mice/group x 11 groups x 2 iterations "" 110 BALB/c mice 

Total number of mice (V.1.3.2): 60 + 110 == 170 BALB/c mice 

V.1.3.3: in vivo imaging of BALB/c mice orally intoxicated with Stx2. We hypothesize 
that Stx2 travels from the stomach to the small intestine, where it can transit across the 
epithelium and enter the bloodstream. Once in the circulation, Stx2 travels to the kidney 
and binds to its receptor Gb3 on the surface of kidney cells. Intoxication studies with 
fluorescently-Jabeled Stx2 are needed to investigale the sites in the body to which the 
toxin travels and the mechanism by which Stx2 binds to and transits through the 
gastrointestinal epithelium. Female BALB/c mice will be orally intoxicated with 1 LD50 
Stx and imaged throughout the course of the study in our Carestream Multispectrar FX 
Pro in vivo imaging system. At specific time points. mice will be euthanized and organs 
will be imaged ex vivo prior to harve st and fixation for immunohistochemistry and 
immunofluorescence. 
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Group 1: 5 mice. 1 LDSG Stx2, euthanize 4 h post-intoxication 
Group 2 : 5 mice. 1 LDso Stx2, euthanize 8 h post-intoxication 
Group 3 : 5 mice. 1 L050 Stx2, euthanize 12 h post-intoxication 
Group 4: 5 mice. 1 LD5o Stx2, euthanize 24 h post-intoxication 
Group 5: 5 mice. 1 LDso Stx2. euthanize 48 h post-intoxication 
Group 6: 5 mice, 1 LD50 Slx2, euthanize 72 h post- intoxicalion 
Group 7: 5 mice. 1 LDsc Stx2, euthanize 96 h post-intoxication 

5 mice/group x 7 groups x 3 iterations "" 105 female BALB/c mice 

Total number of mice (V.1.3) = 190 + 170 + 105 = 465 female BALB/c mice 

V.1.4. Experiment 4: Characterization of the virulence of C227-11, an 0104:H4 
STEC outbreak strain. C227-11 is an enteroaggregative E. coli (EAEC) strain that 
acquired the stx2 phage. EAEC strains typically form biofilms in the host intestines and 
cause mild to moderate colitis. Acquisition of the stx2 phage and subsequent 
expression of Stx2 conferred upon C227-11 unique properties of both EAEC and STEC 
strains. In studies approved as a major modification tolCb><5J ] we developed a 
mouse model of C22 7-11 virulence in which C57BL/6 mice are inoculated by oral 
gavage and treated with ampicillin (amp) in their water beginning 4 h a~er challenge 
(C227-11 is naturally amp-resistant). Infected mice lose up to 25% of their body weight 
throughout the 28 day infection, though only -50% succumb to the infection. In the 
studies proposed here, we will identify the site of C227-11 colonization in the mouse 
gut, assess the virulence of phage-cured and stx2- derivatives of C227-11, and 
determine whether transmission of stx-encoding phages occurs in vivo. All of the 
studies in Experiment 4 will be conducted as described in V .1 .A above with two 
modifications. Six to eight week-old female C57BU6 mice will be used in place of male 
CD-1 mice. In addition, mice will be treated with 10 g/L amp rather than str. and the 
amp-water treatment will commence 4 hrs after challen ge rather than the day before. 

V .1.4.1. Oral infection of C57BU6 m ice with C227-11 to determine the site of 
colonization in the gut. Five mice per group will be challenged by oral gavage with 
C227-11. One group of mice each will be euthanized at 3 h, 6 h, 12 h, 24 h, 48 h, 72 h, 
96 h, and 120 h. Intestines will be harvested and bacteria in each compartment will be 
enumerated . 
Group 1: 5 mice. euthanized at 3 h 
Group 2 : 5 mice. euthanized at 6 h 
Group 3: 5 mice. euthanized at 12 h 
Group 4 : 5 mice, euthanized at 24 h 
Group 5: 5 mice. euthanized at 48 h 
Group 6: 5 mice. eulhanized at 72 h 
Group 7: 5 mice. euthanized at 96 h 
Group 8: 5 mice. euthanized at 120 h 

5 mice/group x 8 groups x 2 iterations =- 80 female C57BU6 mice 
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V.1.4.2. Assessment of the contribution of Stx2 to the pathogenesis of C227-11. The 
intensity of infection and the frequency of HUS in the 2011 C227-11 outbreak suggest 
that Stx2 contributed significantly to the severity of disease. To test this hypothesis, we 
will infect 6 to 8 week-old C57BL/6 mice orally by gavage or pipet feeding with C227-11, 
a phage-cured derivative of C227-11, or a stx2 deletion mutant of C227-11. 
Colonization will be monitored by bacterial enumeration of homogenized fecal samples 
collected daily. Morbidity and mortality will be monitored regularly and mice that exhibit 
two or more signs of morbidity will be euthanized by isoflurane overdose and cervical 
dislocation. 
Group 1: 10 mice inoculated with C227-11 
Group 2: 10 mice inoculated with phage-cured C227-11 
Group 3: 10 mice inoculated with stx2 deletion mutant of C227-11 

10 mice/group x 3 groups x 4 iterations= 120 female C57BU6 mice 

V.1.4.3. Transmission of stx2 phages in vivo. Evolutionary studies of EAEC strains 
suggest that the stx2 phage in C227-11 (¢0104) was acquired from an 0157 EHEC 
strain that contains a stx2 phage (¢0157). To test the transmissibility of the phages in 
vivo, we will infect C57BL/6 mice with one of the following three pairs of strains in which 
the phage contains a gene the encodes kanamycin (kan) resistance (donor first. 
recipient second): amp-resistant C227-11 and str-resistant E.coli K-12. amp-resistant 
C227-11 and phage-cured str-resistant 86-24, and str-resistant 86-24 and phage-cured 
amp-resistant C227-11 _ The experiments will be conducted with and without a dose of 
ciprofloxacin (cipro) that is sublethal to the bacteria. A sublethal dose of cipro, which is 
a dose of Cipro that will kill some but not all of the bacterra, has been shown to induce 
excision of the phage from the bacterial chromosome and formation of new virions that 
could be transferred to other bacteria. A dose of 40 µg cipro or saline will be 
administered i.p. in a volume of 0.1 ml with a 26 gauge needle attached to a tuberculin 
syringe on days 2, 3, 4, and 5 post-inoculation (7). Fecal samples will be collected daily 
and plated on media selective for the donor, the recipient, and any kan-resistant 
recipients (indicates transmission of the phage from donor to recipients). 

V.1.4.3.1: Transmission of<P0104 from C227-11 to E.coli K-12. 
Group 1: 5 mice inoculated with C227-11, treated with saline 
Group 2: 5 mice inoculated with E. coli K-12, treated with saline 
Group 3: 10 mice inoculated with equal doses ofC227-11 and E.coli K-12, 

treated with saline 
Group 4: 5 mice inoculated with C227-11, treated with cipro 
Group 5: 5 mice inoculated with E. coli K-12, treated with cipro 
Group 6: 1 o mice inoculated with equal doses of C227-11 and E. coli K-12, 

treated with cipro 

[(5 mice/group x 4 groups)+ (10 mice/group x 2 groups)] x 3 iterations= 120 
female C57BU6 mice 
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V.1.4 .3 .2 . T ransmission of ¢10104 from C227-11 to phage-c ured 86-24 
Group 1: 5 m ice inocu lated with C227- 11 , t reated w ith saline 
G roup 2 : 5 m ice inocu la ted w ith phage-cured 86-24, treated with saline 
Group 3 : 1 O mice inoculated with equal doses of C227-11 and phage-cured 86-

24. treated with saline 
G roup 4 . 5 m ice inocu lated with C2:27-1 1, treated with cipro 
Group 5 : 5 m ice inoculated with phage-cured 86-24, treated with c1pro 
Group 6 . 10 mice inocu lated with equal doses of C /27-11 and phage-cured 66-

24, treated w ith c ip ro 

[(5 m ice/group x 4 groups)+ (10 mice/group x 2 groups)] x 3 iterations= 120 
female C57BU6 mice 

V .1.4.3 .3 . Transm1ss1on of <P0157 from 86-?4 to phBQ9-cur9d C227-11. 
Group 1 : 5 mice inoculated with 86-24. treated with saline 
Group/· 5 mice inoculated with phage-cured C227-11, treated with saline 
Group 3 : 10 mice inoculated with equal doses of 86 24 and phage-cured C227-

11 , treated with saline 
Group 4 : 5 mice inoculated with 86-24, treated with Cipro 
Group 5 : b mice inoculated with phage-cured C2:27- 11, treated with cipro 
Group 6 : 10 mice Inoculated with equal doses of 86-24 and phage-<;ured C227-

11 . treated with crpro 

{(!J mic61group x 4 groups)+ (10 mice/group x 2 groups)] x 3 iterations= 120 
female C57BU6 mice 

Total number of mice (V.1.4.3) = 120 + 120 + 120 = 360 female C57BU6 mice 

Total number of mice N.1.4): 80 + 120 + 360 = 560 C!S7BLJ6 mice 

V.1.5 . Experiment 5 : Identification of host biomarlcors that play a role In STEC 
and/or Stx.-medjated disease. T he purpose of these s tlJdles is to identify po tential 
host factors that are involved in the pathogenesis of STEC infections . We wil l use 49 
strains or advanced recombinant inbred (ARI) mice for detaile d and high throughput 
systems genetics and systems biology studies of host interactions w ith STEC . These 
mice offer the most robust and practical means to identify networks of genes and 
pathways involved In regulating the host response . The mice. called BXD m ice, result 
from crosses of C57§U6 and DBA2/J mice for several generations, then backcrosses of 
the progeny to generate genetic mosaic mice. The genome sequences of the parent 
strains are known , as a re the locations of the crossovers for each strain of BXD mice. 
Thus, this panel or mic e can be used to identify specific traits that are linked to host 
susceptiility to S tx intoxication and/or EHEC infection . T h e BXD mice to be used in 
these studies will be obtained from Dr. 1<6><6> la t thef b\(B) lor 
from 1<6)(4) I In addition. we will continue our studies to investigate the 
role of Carcinoembryonic A ntigen (CEA) in the pathogenesis ot S I EC infection. CEA is 
a protein expressed by human mucosa! epithelial cells; the gen~ that encodes CEA is 
not present in mice. CEA Tg mice are more susceptible to colonization of mucosa! 
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surfaces by bacteria. The increased susceptibility occurs because CEA suppresses 

exfoliation of mucosal epithelial cells! which are the site of attachment for mucosa! 
pathogens, including E.coli 0157:H7. We hypothesize that CEA Tg mice will be 
colonized more efficiently by E. coli 0157:H7 because the mucosa! cells to which the 
bacteria have attached will not be exfoliated as much as mucosal cells from wild-type 
mice. 

V.1.5.1. Initial screen to identify host biomarkers involved in colonization of the gut with 
EHEC. We tested colonization in 25 strains of BXD mice as part of MIC-09-137. A 
minimum of 30 strains of mice need to be infected before quantitative trait loci (QTL) 
linked to colonization can be identified. Groups of 3 C57BU6J, DBN2J, or different 
strains of BXD mice will be infected orally with 86-24 (Stx2+) or TUV86-2. Colonization 
of the intestines will be monitored daily by collection of feces and enumeration of the 
CFU present in the feces. In addition. mice will be monitored for bacteremia 7 days 
post-inoculation by blood collection from the tail vein followed by enumeration of 
bacteria in the blood. We do not expect to find bacteremia; however, one group 
reported that EH EC-infected mice may become septicemic, a finding that we have not 
duplicated. 

V. 1. 5. 1. 1. Final preliminary experiments to generate sufficient data for QTL 
mapping. A minimum of 1 O mice from each BXD strain need to be infected prior 
to QTL mapping, and we have not reached that threshold with some strains or 
BXD mice. We anticipate the need to conduct 5 additional experiments, 
described below, to complete our initial screen. 

Group 1: 3 C57BL/6J mice 
Group 2: 3 DBN2J mice 
Groups 3-7: 3 mice from each of 5 different BXD strains 

3 mice/group x 7 groupS/experiment x 5 experiments= 105 mfce 

V. 1. 5. 1. 2. Second round of screening to identify host biomarkers involved in 
colonization of the gut with EHEC. Once BXD strains that exhibit a different 
colonization phenotype than the parent strains have been identified, a second 
round of colonization experiments will be conducted to confirm the results of the 
initial screen. Groups of 5 BXD mice each will be infected with 86-24 or TUV86-2 
and monitored for colonization and bacteremia as above. Groups of 3 C57BU6J 
and DBN2J mice will serve as controls. Every attempt will be made to combine 
experiments such that control mice can be used For multiple experimental groups 
of BXD mice. Up to 12 BXD strains will be tested in tt1e second sound of 
screening. 

Group 1 : 3 C57BL/6J mice 
Group 2: 3 DBN2J mice 
Groups 3-5: 5 mice from each of 3 different BXD strains 

21 mice/experiment x 4 experiments x 2 iterations= 168 mice 
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V.1.5.2. Second round of screening to identify host biomarkers involved in Stx2 
intoxication. In studies conducted under MIC-09-137, we identified a region of 

chromosome 12 that contains a QTL that is involved in the number of days of survival 
after systemic Stx2 intoxication. The studies here will take advantage of BXD strains 
that are genetic mosaics for the parental strains in the region of chromosome 12 that 
contains the QTL Groups of 5 BXD mice each will be intoxicated with Stx2 and 
monitored for symptoms of intoxication as in Section VA.5. Groups of 3 C57BL/6J and 
3 DBA/2J mice will serve as controls. Every attempt will be made to combine 
experiments such that control mice can be used for multiple experimental groups of 
BXD mice. A total of 6 BXD strains will be tested in the second round of screening. We 
anticipate that 2-4 strains of BXD can be tested in a particular experiment; however, 
many BXD strains do not breed well, so simultaneous availability of multiple strains is 
not always achievable. 

Group 1: 3 C57BL/6J mice 
Group 2: 3 DBA/2J mice 
Groups 3-4: 5 mice from each of 2 different BXD strains 

16 mice/experiment x 3 experiments x 2 iterations"" 96 mice 

V.1.5.3: Characterization of the involvement of CEA in the pathogenesis of STEC 
infection. CEA Tg mice were generated on the C57BL/6J background, so C57BL/6J 
mice will serve as the control in this experiment. Mice will be treated with str-water prior 
to and during the experiment, which will be carried out as described in V. 1.A. Fecal 
samples will be collected daily to assess intestinal colonization and to quantify epithelial 
cell shedding. 

Group 1: 10 CEA Tg mice inoculated with 86-24 
Group 2: 10 C57BL/6J mice inocurated with 86-24 

Total number of mice ""(10 CEA Tg mice+ 10 C57BU6J mice) x 5 iterations== 50 CEA 
Tg mice and 50 C57BL6/J mice 

Total number of mice (V.1.5): 
15 + 24 + 18 + 50 = 107 C57BU6J mice 
15 + 24 + 18 = 57 DBA/2J mice 
75 + 120 + 60 = 255 BXD mice 
50 CEA Tg mice 

V.1.6: Experiment 6: Measurement of the efficacy of therapeutic compounds 
designed to ablate the lethal effects of Stx. The objective of these studies is to test 
the efficacy of therapeutics designed to inactivate Stxs after entry into the gut or more 
distal target cells. We will engineer toxin-neutralizing antibodies or toxin inhibitors that 
can be selectively delivered into toxin-sensitive cells. The first approach involves 
administration of toxin-neutralizing monoclonal antibodies after infection or intoxication. 
Secondly, we theorize that conjugation of StxB1 or StxB2 to the exterior of liposomes 
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will target and deliver liposome-encapsulated inhibitory RNA molecules (iRNAs) to the 
cytoplasm of toxin-sensitive cells. The iRNAs will be designed to block the enzymatic 
activity of the toxins inside the cell. Finally, we hypothesize that peptide-linked 
phosporodiamidate morpholino oligos (morpholinos), which bind specific RNA 
sequences in the region of the trans/ationaJ start site and block translation, can be used 
to inhibit growth of and/or Stx production by STEC strains in vivo. The efficacy of these 
inhibitors will be tested in mice once their efficacy has been demonstrated in tissue 
culture cells. We anticipate testing up to 9 compounds over the next 3 years. 

V.1.6.1: Determination of capacity of monoclonal antibodies against Stx2 to rescue 
mice from systemic intoxication with Stx2 variants or from infection with STEC strains 
that produce one or more Stx2 variants. We have previously shown that mouse 
monoclonal antibody 11E10 anti-Stx2 has the capacity to rescue Stx2-intoxicated and 
86-24- or B2F1-infected CD-1 mice from morbidity and mortality. In the current studies. 
we will test the capacity of 11E10 to rescue male CD-1 mice from intoxication with Stx2c 
and Stx2dact and from infection with K3995 (Stx2, Stx2c) and C227-11 (Stx2). 

V.1.6.1.1: Monoclonal antibody-mediated rescue from mortality of male CD-1 
!!lice intoxic<:ited with Stx2c or Stx2dact. Groups of five male CD-1 mice will be 
intoxicated with 5 LD50 each of Stx2 (10 ng, positive control), Stx2c, BT-Stx2dact, 
or ET-Stx2dact via i.p. inoculation with a 26 gauge needle connected to a 
tuberculin syringe. Twice in the first 96 hrs post-intoxication, 1 µg 11E1 0 will be 
administered via i.v. injection with a 26 gauge needle connected to a tuberculin 
syringe. In previous studies, we have found that the time points for 
administration of 11 E10 are dependent upon the toxin or strain used as the 
inoculum. As such. the time points will be determined through experimentation. 
Mice will be monitored for morbidity and mortality, and any mice that exhibit 2 or 
more symptoms of morbidity will be euthanized by isofiurane overdose followed 
by cervical dislocation. 

Group 1 · 10 ng Stx2, no 11 E10 
Group 2: 10 ng Stx2, 11 E10 administered twice 
Group 3: 5 LD50 Stx2c, no 11E1 0 
Group 4: 5 LD50 Stx2c. 11E10 administered twice 
Group 5: 5 LD50 BT-Stx2dact, no 11E1 O 
Group 6: 5 L050 BT-Stx2dact, 11E10 administered twice 
Group 7: 5 LDso ET-Stx2dact. no 11 E10 
Group 8: 5 LD50 ET-Stx2dact. 11E10 administered twice 

5 mice/group x 8 groups x 10 iterations= 400 male CD-1 mice 

V.1 .6.1.2: Monoclonal antibody-mediated rescue from mortality of male CD-1 
mice infected with STEC. Groups of ten male CD-1 mice will be orally infected 
with 10 LD50 each of B2F1 (positive control), K3995, or C227-11 as described in 
V.1.B. Twice in the first 96 hrs post-infection. 1 µg 11E10 will be administered 
via i.v. injection with a 26 gauge needle connected to a tuberculin syringe. In 
previous studies, we have found that the time points for administration of 11 E10 
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are dependent upon the toxin or strain used as the inoculum. As such, the time 
points will be determined through experimentation. Mice will be monitored for 
morbidity and mortality, and any mice that exhibit 2 or more symptoms of 
morbidity will be euthanized by isoflurane overdose followed by cervical 
dislocation. 

Group 1: 1 0 mice infected with B2F1 . no 11 E1 0 
Group 2: 10 mice infected with 82F1, 11E10 administered twice 
Group 3: 10 mice infected with K3995. no 11E10 
Group 4: 10 mice infected with K3995, 11E1 O administered twice 
Group 5: 10 mice infected with C227-11, no 11 E10 
Group 6; 10 mice infected with C227-11, 11 E1 O administered twice 

10 mice/group x 6 groups x 10 iterations= 600 male CD-1 mice 

Total number of mice (V.1.6.1) = 400 + 600 = 1000 male CD-1 mice 

V .1 .6.2; Assessment of efficacy of !iposome-encapsu\ated iRNAs. Groups of 5 male 
CD-1 mice will be administered 5xLD50 of Stx2 (i.p. using a 26 gauge needle attached to 
a tuberculin syringe) followed by or given simultaneously with a dose of the therapeutic 
compound that neutralizes the toxin for tissue culture cells administered by i.v. injection. 
Control groups will receive a similar dose of toxin and diluent, or control liposomes, as 
appropriate. An additional control group will have the toxin and therapeutic agent mixed 
prior to i.p. injection. In previous studies, we have found that the time points for 
administration of anti-Stx therapeutics are dependent upon the toxin used as the 
inoculum. As such, the doses and time points will be determined through 
experimentation. The mice will be monitored for signs of extreme morbidity (see V.4 5 
for definition) for 14 days post-intoxication. Any mice that exhibit signs of extreme 
morbidity will be euthanized immediately by inhalational isoflurane overdose and 
cervical dislocation. 

Group 1: 5 mice, 1 O ng Stx2, sterile saline 
Group 2: 5 mice, 10 ng Stx2, liposome-iRNA, low tissue culture dose 
Group 3: 5 mice, 10 ng Stx2. liposome-iRNA, high tissue culture dose 
Group 4: 5 mice, sterile saline. liposome-iRNA at low tissue culture dose 
Group 5: 5 mice, sterile saline, liposome-iRNA at high tissue culture dose 
Group 6; 5 mice. 10 ng Stx2 pre-mixed with liposome-iRNA at low tissue culture 
dose 
Group 7: 5 mice. 10 ng Stx2 pre-mixed with liposome-1RNA at high tissue culture 
dose 

5 mice/group x 7 groups x 10 iterations= 350 male CD-1 mice 

,k'. 1. 6. 3: Determination of capacity of momhofinos to rescue infected mice from STEC 
disease_ Groups of 5 mice will be challenged orally with STEC as described in V.1.A. 
Morpholinos will be administered orally by gavage (0.1-0.2 ml in sterile saline) and/or 
pipet feeding (25-50 µI in sterile 20% sucrose) or systemically by intravenous injection 
(0.1 ml in sterile saline) two to five times after infection. The optimal number of doses 
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and time points for morpholino administration will be determined experimentally. 
Previous studies with other types of E. coli strains showed that the effective and 
nontoxic dose range is 50-300 µg administered two to four times in the first 48 hrs after 
inoculation. Our preliminary studies with B2F1-infected CD-1 mice suggest that a 
minimum of two daily doses of therapeutic will be needed and that three to five doses 
may be more optimal. The mice will be monitored for signs of extreme morbidity (see 
V.4.5 for definition) for 14 days post-intoxication. Any mice that exhibit signs of extreme 
morbidity will be euthanized immediately by inhalational isoflurane overdose and 
cervical dislocation. 

V.1.6.3.1.- Infection of str-treated C0-1 mice with B2F1 and treatment with 
morpho/inos. 
Group 1: 5 mice, B2F1. sterile saline 
Group 2: 5 mice, B2F1. 200 µg morpholino #1 administered twice 
Group 3: 5 mice. B2F1. 200 µg morpholino #2 administered twice 
Group 4: 5 mice, B2F1. 200 µg morpholino #3 administered twice 
Group 5: 5 mice, B2F1, 200 µg morpholino #4 administered twice 
Group 6: 5 mice. B2F1. 200 µg morpholino #1 administered four times 
Group 7: 5 mice, B2F1. 200 µg morpholino #2 administered four times 
Group 8: 5 mice, B2F1. 200 µg morpholino #3 administered four times 
Group 9: 5 mice, B2F1, 200 µg morpholino #4 administered four times 

5 mice/group x 9 groups x 10 iterations = 450 male CD-1 mice 

V.1.6.3.2: Infection of BALB/c mice with 86-24 and treatment with morpholinos. 
Group 1: 5 mice, 86-24, sterile saline 
Group 2: 5 mice, 86-24, 200 µg morpholino #1 administered twice 
Group 3: 5 mice, 86-24, 200 µg morpholino #2 administered twice 
Group 4: 5 mice, 86-24, 200 µg morpholino #3 administered twice 
Group 5: 5 mice, 86-24. 200 µg morpholino #4 administered twice 
Group 6: 5 mice. 86-24, 200 µg morpholino #1 administered four times 
Group 7: 5 mice, 86-24, 200 µg morpholino #2 administered rour times 
Group 8: 5 mice, 86-24, 200 µg morpholino #3 administered four times 
Group 9: 5 mice. 86-24, 200 µg morpholino #4 administered four times 

5 mice/group x 9 groups x 1 O iterations = 450 female BALB/c mice 

V.1.6.3.3.- Infection of C57BU6 mice with C227-11 and treatment with 
morpholinos. 
Group 1: 5 mice, C227-11, sterile saline 
Group 2: 5 mice, C227-11, 200 µg morpholino #1 administered twice 
Group 3: 5 mice, C227-11, 200 µg morpholino #2 administered twice 
Group 4: 5 mice, C227-11, 200 µg morpholino #3 administered twice 
Group 5: 5 mice, C227-11, 200 µg morpholino #4 administered twice 
Group 6: 5 mice, C227-11, 200 µg morpholino #1 administered four times 
Group 7: 5 mice, C227-11. 200 µg morpholino #2 administered four times 
Group 8: 5 mice, C227-11, 200 µg morpholino #3 administered four times 
Group 9: 5 mice, C227-11, 200 µg morpholino #4 administered four times 
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5 mice/group x 9 groups x 10 iterations= 450 female C57BU6 mice 

V.1.6.3.4. Svstemic inoculation and therapeutic delivery_ Jf we fail to observe a 
therapeutic effect of the morpholinos in our STEC infection models, we will 
determine if the morpholinos have the capacity to reduce the effects of systemic 
infection with STEC. To do so, we will first need to do three pilot studies to 
determine the LD50s for B2F1. 86-24, and C227-11 administered i.p to male CD-1 
mice. Each strain will be diluted to the appropriate density in sterile saline. and the 
inoculum (in 200 µI) will be administered i.p. with a 26 gauge, Y:." needle. The first 
experiment with each strain will utilize 3 mice/group and multiple doses that are 
predicted to fall on either side of the LD50 We will then refine the experiment to 
utilize 5 mice/group and a narrower range of doses; this experiment will be done 
twice to confirm the results. Although the endpoint of this assay is mortality, mice 
that are extremely moribund, as defined in Section V.4.5, will be euthanized by 
laboratory personnel using isoflurane inhalation overdose and cervical dislocation 
Surviving mice wilt be euthanized by LAM personnel with C02 inhalation followed by 
cervical dislocation. 

V.1.6.3.4.1. Pilot experiment: estimation of LD5o for STEC strains 
administered i.p. 
Group 1: 3 mice, 102 CFU 
Group 2: 3 mice. 103 CFU 
Group 3: 3 mice, 104 CFU 
Group 4: 3 mice, 105 CFU 
Group 5: 3 mice, 106 CFU 
Group 6: 3 mice, 107 CFU 

6 doses x 3 mice/dose x 3 strains: 54 CD-1 mice 

V.1 .6.3.4.2. Dose response: i.p. inoculation with STEC strains 
Group 1: 5 mice. 1 OOX predicted LDso 
Group 2: 5 mice, 10X predicted LDso 
Group 3: 5 mice, 1X predicted LDso 
Group 4: 5 mice, 0.1 X predicted LDso 

4 doses x 5 mice/dose x 3 strains x 2 iterations: 120 CD-1 mice 

V.1.6.3.4.3. lnfection of CD-1 mice with STEC strains and treatment with 
morpholinos. GD-1 mice will be challenged via i.p. inoculation with 
10xLD50 of B2F1, 86-24, or C227-11 and treated via i.p. or i.v injection 
with 0.1 ml morpholino in sterile saline at various times post-infection. The 
optimal number of doses and time points for morpholino administration will 
be determined experimentally. 
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Group 1: 5 mice, sterile saline 
Group 2; 5 mice, 50 µg morpholino 1 twice 
Group 3: 5 mice, 50 µg morpholino 2 twice 
Group 4: 5 mice, 50 µg morpholino 3 twice 
Group 5: 5 mice, 50 µg morpholino 4 twice 
Group 6: 5 mice, 300 µg morpholino 1 twice 
Group 7: 5 mice, 300 µg morpholino 2 twice 
Group 8; 5 mice, 300 µg morpholino 3 twice 
Group 9: 5 mice, 300 µg morpholino 4 twice 

5 mice/group x 9 groups x 10 iterations x 3 strains == 1350 male CD-1 

Total number of mice (V. 1.6.3): 
450 + 54 + 120 + 1350; 1974 male CD-1 mice 
450 female BALB/c mice 
450 female C57BU6 mice 

Total number of mice (V.1.6): 
1000 + 350 + 1974;: 3324 male CD-1 mice 
450 female BALB/c mice 
450 female C57BU6 mice 

Experiment 1.7: Isolation of mouse intestinal mucus. The focus of aim #2 of the 
NIH grant is the mucus-activatable Stx2dact toxin found in several non-0157 strains. 
We will address why that particular Stx2 variant is so toxic compared to Stx2. For these 
studies, we will need mouse mucus to demonstrate the activatabfe phenotype of this 
toxin. 

Intestinal mucus will be isolated from groups of 5 adult male CD-1 mice. Mice will be 
administered str in their drinking water, and, simultaneously, food will be withheld from 
the mice for about 18 h prior to mucus isolation. Although we have found that treatment 
of mice with str is not required for mouse mucus to activate Stx2dact, we have shown 
that such treatment reduces bacterial contamination of the mucus sample. Moreover, 
mucus obtained from animals administered the antibiotic, in principle, more closely 
resembles the mucus in the gut of the str-treated, orally-infected mouse than mucus 
from untreated mice. Food is withheld to reduce the amount of fecal matter in the 
intestines and also so that the mucus is isolated from mice treated in the same way as 
the orally-infected mouse model. Within 18 hours after str administration and food 
removal, mice will be euthanized by inhalational isoflurane overdose followed by 
cervical dislocation. The intestines will be removed and fecal material expelled from 
intestinal segment. The mucus will be pushed out of the intestines into HEPES buffer. 
pH 7.4, diluted in HEPES buffer and used immediately or frozen at -?o~c for future use. 
Based on current rates of mucus usage, we anticipate the need for 20 CD-1 mice for 
this purpose per year. 

20 mice/year x 3 years= 60 male CD-1 mice 
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Experiment 1.8. Studies to assess ricin intoxication, transit of ricin throughout 
the body, and anti-ricin therapeutics. In these experiments. we will identify the LD50 
for a new lot of ricin, use in vivo imaging of mice to visualize transit of fluorescently
labe!ed ricin throughout the body, and test the efficacy of therapeutics to rescue mice 
from acute ricin intoxication_ All of these experiments will be conducted in six to eight 
week-old male CD-1 mice according to V.1 .C above. 

V.1.8.1: Identification of LD50 of ricin administered via oral qavage or i.p. injection. We 
will use historical data from previous lots of ricin and current data on Vero cell 
cytotoxicity of the new lot of ricin to determine the dose range of ricin to administer to 
identify the LD50 s for new lots of ricin. We anticipate that we will produce up to three 
new lots of toxin in the three years of this protocol. 

V.1.8. 1.1 .- Oral gavage 
Group 1: 5 mice. 5 LD50s old lot of ricin in sterile saline 
Groups 2-7: 5 mice, five two-fold dilutions of ricin in sterile saline 

5 mice/group x 7 groups x 2 iterations x 3 lots of ncin = 210 male CD- 1 mice 

V. L8.1.2: fntraperitonea/ injection 
Group 1: 5 mice, 5 LD50s old lot of ricin in sterile saline 
Groups 2-7: 5 mice, five two-fold dilutions of ricin in sterile saline 

5 mice/group x 7 groups x 2 iterations x 3 lots of ricin = 210 male CD-1 mice 

Total number of mice (V.1.8.1) = 210 + 210 = 420 male GD-1 mice 

V.1.8-2: in vivo imaging of CD-1 mice orally intoxicated with ricin. Our previous studies 
demonstrated that, after oral gavage into the stomach. ricin travels through the 
gastrointestinal tract and is excreted in the feces or across the gastrointestinal tract and 
into the bloodstream. We have observed ricin in the kidneys, spleen, liver and brain in 
these preliminary studies_ Further studies are needed to investigate the sites in the 
body to which ricin travels and the mechanism by which ricin binds to and transits 
through the gastrointestinal epithelium. Mice will be orally intoxicated and imaged 
throughout the course of the study in our Carestream Multispectral FX Pro in vivo 
imaging system. At specific time points. mice will be euthanized and organs will be 
imaged ex vivo prior to harvest and fixation for immunohistochemistry and 
immunofluorescence. 

Group 1: 5 mice, 1 LD50 ricin, euthanize 4 h post-intoxication 
Group 2: 5 mice, 1 LD50 ricin, euthanize 8 h post-intoxication 
Group 3: 5 mice, 1 L050 ricin, euthanize 12 h post-intoxication 
Group 4: 5 mice, 1 LD50 ricin. euthanize 24 h post-intoxication 
Group 5: 5 mice. 1 LD50 ricin . euthanize 48 h post-intoxication 
Group 6: 5 mice, 1 LD50 ricin, euthanize 72 h post-intoxication 

5 mice/group x 6 groups x 3 iterations = 90 male CD~1 mice 
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V.1.8.3: Measurement of the efficacy of therapeutic compounds designed to ablate the 
lethal effects of ricin. The first approach involves administration of toxin-neutralizing 
monoclonal antibodies after intoxication. We will use a well-characterized monoclonal 
antibody, R?O, that neutralizes the activity of the A (catalytic) subunit of ricin (RtxA) in 
vitro. In our second approach, we will administer liposome-encapsulated R70 anti-ricin 
antibody after intoxication. The cell binding domain of ricin (RtxB) will be conjugated to 
the exterior of the liposomes, which are vesicles composed of an outer lipid bilayer that 
forms around an aqueous solution (anti-RtxA antibody in sterile saline) when the two 
components are mixed together. We theorize that conjugation of RtxB to the exterior of 
liposomes will target and deliver liposome-encapsulated R70 anti-ricin antibody to the 
cytoplasm of toxin-sensitive cells. We have shown that treatment of ricin-intoxicated 
tissue culture cells with R?O anti-ricin alone or liposome-encapsulated R?O anti-ricin 
neutralizes the cytotoxicity of ricin in a dose-dependent manner. 

V 1 .8 .3.1: Monoclonal antibody-mediated rescue from mortality of male CD-1 
mice intoxicated with ricin. Groups of five male C0-1 mice will be intoxicated 
with 5 LD50 each of ricin in sterile saline via oral gavage. Twice in the first 96 hrs 
post-intoxication, 1 µg R70 anti-ricin in sterile saline will be administered via i.v. 
injection with a 26 gauge needle connected to a tuberculin i::yringe In previous 
studies, we have found that the time points for administration of monoclonal 
antibodies are dependent upon the toxin used as the inoculum. As such, the 
time points will be determined through experimentation. Mice will be monitored 
for morbidity and mortality, and any mice that exhibit 2 or more symptoms of 
morbidity will be euthanized by isoflurane overdose followed by cervical 
dis location. 

Group 1: 5 mice, 5 LD50 ricin, no R?O 
Group 2: 5 mice, 5 LD5o ricin. low dose R70 administered twice 
Group 3: 5 mice, 5 LDso ricin. high dose R?O administered twice 

5 mice/group x 3 groups x 10 iterations= 150 male CD-1 mice 

V.1.8.3.2: Assessment of efficacy of liposome-encapsulated R?O anti-ricin. 
Groups of 5 male CD-1 mice will be administered SxLDso of ricin in sterile saline 
by oral gavage, followed by or given simultaneously with a dose of the liposome
encapsulated R70 anti-ricin that neutralizes the toxin for tissue culture cells; the 
liposome-antibody conjugated will be diluted in sterile saline and administered by 
i.v. or i.p. injection. Control groups will receive a similar dose of toxin and diluent, 
or control liposomes without antibody and/or RtxB, as appropriate. An additional 
control group will have the toxin and therapeutic agent mixed prior to i.v. or i.p. 
injection. In previous studies, we have found that the time points for 
administration of anti-ricin therapeutics are dependent upon the route of ricin 
inoculation and the route of therapeutic administration. As such, the doses and 
time points will be determined through experimentation. The mice will be 
monitored for signs of extreme morbidity (see V.4.5 for definition) for 14 days 
post-intoxication. Any mice that exhibit signs of extreme morbidity will be 
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euthanized immediately by inhalationar isoflurane overdose and cervical 
dislocation. 

Group 1: 5 mice, 5xl050 ricin, sterile saline 
Group 2: 5 mice, 5xLD50 ricin, liposome-R70 anti-ricin, low tissue culture dose 
Group 3: 5 mice. 5xLD50 ricin, liposome-R70 anti-ricin, high tissue culture dose 
Group 4: 5 mice, sterile saline, liposome-R70 anti-ricin at low tissue culture dose 
Group 5: 5 mice, sterile saline, liposome-R70 anti-ricin at high tissue culture dose 
Group 6: 5 mice, 5xLD50 ricin pre-mixed with fiposome-R70 anti-ricin at low tissue 

culture dose 
Group 7: 5 mice, 5xLD50 ricin pre-mixed with liposome-R70 anti-ricin at high 

tissue culture dose 

5 mice/group x 7 groups x 10 iterations= 350 male CD-1 mice 

Total number of mice (V.1.8.3) = 1 !50 + 3!50 = !500 male CD-1 mice 

Total number of mice (V.1.BJ = 420 + 90 + !500 = 1010 male CD-1 mice 

V.2. Data Analvsis: A sample size of 5-10 animals per condition will have 80% 
power to detect a difference of 1.3 - 1.8 standard deviations based on at test for 
independent samples with a 5%, two-sided significance level. A sample size of 15 
animals per group will have 80% power to compare two proportions (i.e. survival data) 
based on a t test for independent samples with a 5%, two-sided significance level. 
These are the smallest differences that would be considered clinically meaningful for 
this type of study. Lethal dose 50% will be estimated by the method of Reed and 
Muench (5) or calculated by Probit analysis using 95% confidence intervals if the data 
allow it. For protection studies, ANOVA will be used to compare the mean time-to-death 
between groups and Chi-square tests with 95% confidence intervals will be used to 
compare the percentages of deaths between groups. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: Whenever possible, we will test the 
toxicity of St.x preparations on Vero cells rather than in animals. All of our initial 
assessments and comparative assessments of cytoto){icity are done on Vero cells 
rather than mice. The use of the Vero cell assays does allow us to reduce the range of 
toxin doses that we subsequently administer to mice. Additionally, historical data allow 
us to approximate an LD50 rather than the more usual range of at least 10 doses. 
Unfortunately, some of the differences in toxicity among Stx family members are only 
evident in the whole animal (e.g., St.x2c versus Stx2dact). Further, the proposed 
studies to assess the efficacy of therapeutics require systemic responses that are not 
possible to achieve in tissue culture systems. No other alternatives to the use of 
animals were identified for this proposal. 
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V.3.2. Animal Model and Species Justification: The long term goals of this project 
are to define the pathogenic mechanisms by which STEC and ricin cause disease and 
to develop strategies for the prevention and treatment of STEC-mediated HUS and ricin 
intoxication. Humans are the most appropriate model with which to assess the 
virulence of STEC. However, humans cannot be used for logistical as well as ethical 
reasons, i.e., a volunteer fed an STEC strain might develop HUS. a life-threatening 
condition. Instead. we use mice in four types of mouse assays developed in my 
laboratory. All of the mouse strains are used for specific experiments for historical 
reasons. We use male CD-1 mice for our str-treated model of STEC-mediated lethality 
because they are sensitive to infection with STECs and they exhibit toxin-mediated 
renal tubular necrosis when fed those STEC strains. In our initial studies more than 
twenty years ago, we found that outbred male CD-1 mice were susceptible to infection 
with STECs in the presence of str; their continued susceptibility to STEC and their low 
cost make them the strain of choice for our ongoing studies. We use female BALB/c for 
our intact commensal flora (JCF) model because we found that these mice are highly 
likely to be colonized by STEC when normal gastrointestinal flora are present. Female 
mice are used in this model because they are highly colonized more consistently than 
are males. We use female C57BL/6 mice for our amp-treated model, which is specrfic 
for C227-11. C227-11 was isolated from an outbreak in Germany in May 2011 and is a 
hybrid between enteroaggregative (FAEC) and enterohemorrhagic E coli strains; the 
only published mouse model for EAEC utilized C57BU6 mice. Females are used 
because they are more susceptible to infection than males. We use BALB/c and CD-1 
mice for toxicity assays because we have found that these strains of mice are 
susceptible to Stxs (BALB/c, CD-1) and ricin (ricin) administered orally or systemically in 
these strains of mice. Some Stxs exhibit greater toxicity in inbred mice (BALB/c) and 
some in outbred mice (CD-1 ) . In addition, other groups routinely use CD-1 mice for ricin 
toxicity studies. Our observations that ricin and some of the Stxs are toxic by oral and 
systemic routes have important implications for ricin and STEC pathogenesis. 

All of the mouse assays will be used in conjunction with tissue culture assays to 
further dissect the virulence characteristics of these organisms and toxins. While in 
vitro cell-based assays can provide an estimate of toxin potency, they do not accurately 
reflect the multitude of effects of toxins on complex living systems and so cannot be 
used to replace the testing in animals. The interactions between EHEC and the 
plethora of cell types within the gastrointestinal tract, circulation, and kidneys cannot be 
mimicked in tissue culture systems. Unfortunately m ice do not completely mimic STEC
mediated disease because diarrhea and glomerular damage are notably absent in 
infected animals. The most accurate endpoint to assess the virulence of an EHEC 
strain or the potency of Stxs and ricin is lethality. All published studies of EHEC. Stx, 
and ricin pathogenesis of which we are aware utilize mice, rabbits, or primates to 
determine the local and systemic effects of the organisms and toxins. At this time mice 
are the least sentient species we can use to test certain aspects of STEC and ricin 
pathogenesis and to evaluate potential therapies. With respect to the number of 
animals required for each experiment, we have used the minimal number of animals 
required for biological and statistical significance. If we establish in our preliminary 
protection studies that the therapeutic(s) under investigation do in fact reduce or prevent 
morbidity or mortality, the pain category for these animals will be changed from category 
E to category C. 
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V .3.3. Laborato Animals 
Soecies I Soecie~ 1 Soecies Species Soecics SoeCieS 

~~~ -~#~1.:..-~~-~~#:2~___j~~__;;:#~3;____,~.......:.#4:...:..._....,...._~li~s.._~,..-- --1!.§_ l 
1 v .3.3.1 . Genus Mus Mus M us Mus Mus Mus 

1 & Species _ muscu:.:::_ _m_u_s_c_u_1_c1s~-m_u_s_c_u_1_u_s __ m_u_s_c_u_1_u_s~-m-us_c~ muscu/u-:-\ 

lv.3':"3:2.'"strain/ \ co- 1 BALB/c C5713U6J OBA/2J I BXD CEA Tg I Stock 

V .3 . 3 .3 . 
Source/ 
Vendor 

V.3. 3.4 . Age 

v.3-:J'T" 
W elnht: 

V.3 .3 .7. 
Spec la! 
ConslrtPra t lo.ns 

Rcgulr~d (by 

(1>}(4) 

14-25 
qrams 

NIA 

I 

1 2-~5 
qrams 

NIA 

4 7 19 

1 0 -W 
a rams 

NIA 

1117 

10-20 
nrams 

NIA 

57 

&8 6-8 
_y.ieeKs,__ __ w:..:.e=-e"'-k~ 

I 10- 20 10-2(') 
a ram s a rams 

NIA N/A 

- - --·-

255 50 
V.3.4. Numbef= 

o f Animals 7674 ] 

Snoc ies) --'-~~-~-'-~~~~='--~-~~~--~~--'~~~---'~---~ 

V.3 .5 . ~efinemenl. Reayction. Replacement(~ Rs>: 

V .3 .5 .1. Refinem~mt: For certa in experiments death w tll be the study endp o int; 
however, we w ill carefully monitor the animals a nd euthanize those th at appea r 
m orib und becau se it is o ur experience tnat these animals w ill ultimately s uccumb to Stx 
into xication after inocu la tion or infection wi th a virulent strain. Investigators will c a refully 
monitor intox icated animals and euthaniz e those that appear to be extrem ely moribu nd 
We define extremely moribund as when a mouse exh ibits 2 or m ore of the follow ing 
symptoms: ruffled fu r, lethargy, hunched posture, impaired ambulation that preve nts the 
animals from reaching food and water >25% w eight loss. diffic u lt or laborad brea thing. 
!!Ud the !DabiltPt to rema in upright. Death due to intoxication typically occurs 2-3 aays 
p ost-injection and death due to infection typically occu rs 3-6 days post-rnocutation. 
Mice w ilt be inspected every 4 h during normal working hours (0600 1900) and every 7-
8 h during non-business hours. All Inspections wilt be noted o n cage cards so that LAM 
personne l arc aware that the mice are being monitored. 

As part o~(b)(e) I we investigated the possible use of weight loss as a surrogate 
endpoint for t h e S tx or ricin intoxfcatioi'l and STEC infec tion experiments. Our studies 
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demonstrated that a positive correlation between ~ 25% weight loss at 4 days post
challenge and lethality exists. However, only about 50% of the mice that lost 25% of 
their body weight by day 4 succumbed to intoxication or infection. All mice that lost 30% 
of their body weight by day 4 were humanely euthanized prior to death because we 
found that the mice would have succumbed within another 24 hrs. We will continue to 
monitor weight loss in intoxicated or infected animals, and animals will be humanely 
euthanized when they are extremely moribund. 

V.3.5.2. Reduction: As many of our experiments involve infected animals or 
tissues, we do not participate in any shared tissue and or control groups with other 
investigators. To reduce the number of mice required, the studies with BXD mice will be 
done using a single dose of toxin or STEC, and only one iteration will be used for the 
first round of screening. In theory, we could use up-down dosing to determine the oral 
LD50 for Sues and ricin. However, the amount of toxin that is needed for these studies 
prohibits this type of study. Instead, we will do one to two traditional LD50 studies with 
small numbers of mice in each group so as to reduce the amount of the Select Agent 
toxins that are needed. 

V.3.5.3. Replacement: Whenever possible. we will test the toxicity of Shiga toxin 
preparations/constructs on Vero cells rather than in animals. Unfortunately. some of the 
differences in toxicity among Stx family members are only evident in the whole animal. 
We will also routinely assess the capacity of anti-intimin sera to block STEC adherence 
to tissue culture cells rather than test the sera for blocking activity in animals. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. 

V.4.1.1.1. 

APHIS Form 7023 Information: 

Number of Animals: 

I C0-1 BALB/c 
jV.4.1.1.1.1. 
iColumnC: 260 32 

~.4.1.1.1.2. 
Column D: - 900 

~.4.1.1.1.3. 
Column E: 5890 3787 
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C57BU6J 

-

-

1117 

32 

DBA/2J BXD CEATg 

- - -

- - -

57 255 50 



I 

I 

I 

Table V .4.1 .1.2. Breakdown by study number of experimental animals tor pain category 
I ass ignment. 

Study number Pain cateaorv C 
V .1 . 1.1.1 
v .1.1,1 .2 
V.1 .1.2 

V .1 1.3 . 1 
V.1 1.3 .2 
V1.1 .3 .3 
V1 . 1.3.4 
V1 .1.4.1 
V1 . 1.4.2 
V1 .1 .4.3 
V1.2. 1.1 
V1 .2. 1.2 I 
V1-2. 1.3 32 
V1 .2 .2.1 
V1 .22.2 
V1-2.2.3 
V1 .2 . .2.4 
V1 .3 . 1 .1 
V1 .3.1.2 
1 .3.2.1 
1 .3.2.2 
1 .3.3 
1.4.1 
1.4.2 

- 1.4.3. 1 
1.4.3.2 
1.4.3.3 
1.5 1 .1 
1.5.1 .2 
1.5 .2 
1.5.3 

1.6 .1. 1 
1.6 . 1.2 

1.62 100 
1.6 .3 .1 
1 .6.3.2 
1 .6 .3 .3 

1.6 .3.4.1 
1 6 .3.4 2 
1.§.4.3.3 150 

1 . 7 So 
1 .8 1 i 
1.8.1.2 

1 8 2 
i .8 3.1 I 
1 .8.3.2 100 
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I Pain Categorv D Pain Cateaorv E 
200 
140 
300 
1440 
720 
72 0 
720 
480 
460 
240 
120 
560 
32 

180 
180 
180 
360 

- 80 
110 
60 
110 
105 
80 
120 
120 I 
120 
120 -
105 
168 
96 
100 
400 

-- 600 
250 
450 
450 
450 
54 
120 

1200 

210 I 
210 
90 

150 
250 

33 



V.4.1.2. Pain Relief f Prevention: 

V .4.1.2. 1. AnesthesiaJAnalgesiafTranguilization: Administration of isoflura ne gas 
prior to lntox.ication or infection will be clone in one o~ two ways:'\) via a Gas Anes\hesia 
System that delivers isoflurane gas to a 5-port anesthesia manifold, or 2) by soaking 
gauze with liquid isoflurane in the bottom of a bell jar in a chemical hood and placing the 
mice on a metal rack above the gauze. When using the Gas Anesthesia System, 
animals will be placed into an induction chamber and anesthetized with isoflurane (3-
4%) with oxygen as the carrier gas. The induction chamber will be set to deliver 
isoflurane at a constant rate. The manifold also provides waste gas scavenging ports to 
help prevent gas from entering the surrounding work environment. A built-in vacuum 
system helps ventilate waste gas away from researchers and into disposable isoflurane
absorbing filters. We use the bell jar method rather than the gas anesthesia system 
when mice are extremely moribund because 1) the fume hood is closer to our animal 
room than is the anesthesia system, and 2) the bell jar can be set up more quickly than 
the gas anesthesia system, which results in less suffering for moribund mice. Once 
anesthetized using either method, the depth of anesthesia will be assessed by the onset 
and maintenance of slow, shallow breathing as well as the loss of toe pinch response in 
the animals. 

For experiment V.1 .2.2 (intestinal loop model), mice will be anesthetized by i.p. injection 
of ketamine (100 mg/kg) and xylazine (10 mg/kg) immediately before the surgical 
procedure. Once anesthetized, the depth of anesthesia will be assessed by the onset 
and maintenance of slow. shallow breathing as well as the loss of toe pinch response in 
the animals. At the end of the survival surgery, a few drops of liquid bupivacaine (0.5%) 
will be placed on the incision site to provide post-surgical wound anesthesia. In 
addition, buprenorphine (0.1 mg/kg) will be administered once bys c. injection to 
provide post-surgical systemic analgesia. Mice will be euthanized 6 hrs after surgery, 
which is prior to the time at which the bupivacaine and buprenorphine effects are 
expected to wear off, and mice will be monitored during this period. 

For in vivo imaging studies, isoflurane has the advantage of maintaining the mice under 
anesthesia during the imaging procedure while permitting the animals a quick recovery 
time. The anesthetized mice will be placed on a warm platform and fluorescence and x
ray images will be captured over a 5 min period at 0 .5, 1. 3, 6, 12, 24, 48, and/or 72 h 
post intoxication. To anesthetize the mice and secure their immobility during imaging 
with the Carestream Multispectral in vivo imaging system, we will follow the following 
procedures. Administration of isoflurane gas will be done via a Gas Anesthesia System 
that delivers isoflurane gas to a 5-port anesthesia manifold housed in the imaging 
chamber of the ;n vivo imaging system. Animals will be initially placed into an induction 
chamber and anesthetized with isoflurane (3-4%) with oxygen as the carrier gas. Once 
the animals are properly sedated, they will be swiftly moved to nose cones on the 5-port 
anesthesia manifold housed in the imaging chamber and maintained at 1.5-3.0% 
isoflurane. Any unused manifold ports will be closed off. Sufficient time wilf be given to 
allow the anesthetic gas to reach the manifold nose cones prior to removing the animals 
from the induction chamber. Both the induction chamber and manifold will be set to 
deliver isoflurane at a constant rate. The manifold also provides waste gas scavenging 
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ports to help prevent gas from entering the surrounding work environment. A built-in 
vacuum system helps ventilate waste gas away from researchers and into disposable 
jsoflurane-absorbing filters. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: Only mice that 
appear to be in good health will undergo anesthesia. We define good health as clean 
unruffled fur, alert demeanor and no obvious signs of sickness. Mice recovering from 
anesthesia will be p laced into a clean cage with external heat applied, through either the 
use of an overhead heat tamp or a heating pad placed under the recovery cage. to 
prevent mice from undergoing a rapid loss in body temperature. Once the mice have 
roused from anesthesia and appear to be moving in an a lert manner, they will be placed 
back into a clean cage with their cagemates. Mice injected with toxin or infected with E. 
coli will be monitored by laboratory personnel up to 6 times daily following the procedure 
as well as 1Wice daily observation by LAM staff. 

V.4.1.2.3. 

V.4.1.3. 
Procedures: 

V.4.1.3.1. 

V.4.1.3.2. 

V.4.1.3.3. 

Paralytics: NIA 

Literature Search for Alternatives to Painful or Distressful 

Sources Searched: Pubmed and AGRICOLA 

Date of Search: 16 May 2012 

Period of Search: All available 

V.4.1.3.4. Key Words of Search: Pain AND (alleviation OR alleviate OR alternative 
OR reduction) AND (mouse OR mice); add AND (toxin OR bacteria) for Pubmed search 
V.4.1.3.5. Results of Search: 
PubMed: Search of Pain AND (alleviation OR alleviate OR alternative OR reduction) 
yielded 39252 hits. Limiting these to (mouse OR mice) yielded 1015 hits. Further 
limiting these results to (toxin OR bacteria) yielded 76 hits . Of those 76 references, only 
three dealt with alternatives to mouse assay for intoxication or infection. The three 
references suggest the use of hen egg approaches that would not work with Shiga 
1oxins or STEC. One additional article conducted and reviewed studies that used 
opioids as analgesics in in vivo immunological experiments (4).l<bJC5> ~t al. 
concluded that the opioid analgesics fentanyl and buprenorphine affected the immune 
system in such a way as to alter the outcome of the experiments. 

AGRICOLA: Search Request: Search= (Pain OR alleviation OR reduction OR 
alternatives) AND (mouse OR mice) yielded 25 hits. Only one article dealt with 
alternatives to or reduction or pain in mouse intoxication or infection experiments. The 
investigators assessed the effect of buprenorphine on Toxoplasma gondii studies in 
mice. and concluded that buprenorphine does not affect the outcome of 28 day T. gondii 
infections in mice (1 ). 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: Our 
justification for the use of the mouse model to study toxin-mediated STEC disease is 
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that tissue culture systems used to evaluate toxin production cannot arways discriminate 
between animal-virulent and animal-attenuated strains. Examples of the importance of 
using animais rather than Vero cells for assessing relative toxicity of Stxs or virulence of 
STEC strains are as foflows. First, we discovered that Stx2 is at least 100-fo!d more 
toxic than Stx1 for mice and that observation led to an experiment by Or. Tom Obrig in 
which he demonstrated that Stx2 is a 1 ODO-fold more toxic for human renal capillary 
endothelial cells than is Stx1. Moreover, with the recognition that animals and primary 
human renal cells (that are extremely difficult to obtain and maintain) are more 
susceptible to Stx2 than Stx1 came an understanding of the basis for the 
epidemiological observation that infection with Stx2-producing STEC strains more 
frequently leads to HUS in children than does infection with an Stx1-only producing 
strain. Secondly, we would not have recognized the fact that Stx2dact is activated by 
intestinal mucus without feeding the strain producing the toxin to str-treated CD-1 mice. 
Lastly, the str-treated mouse model (renal tubular necrosis) is one of two (the rabbit is 
the other) small animal models available for studying the systemic delivery of Stx from 
the intestinal tract and for identifying methods to prevent or neutralize the effect of that 
toxin and/or STEC-mediated disease. We further minimize distress during the studies 
by careful cage-side monitoring of the animals to determine if an animal should be 
euthanized. Signs indicating that euthanasia should be implemented would include an 
inability to reach food and water. labored breathing, excessive weight loss. and inability 
to remain upright. 

No analgesics will be given to STEC-infected animals for the following two reasons. 
First, inflammation and/or the inflammatory response are key components of both 
STEC-mediated hemorrhagic colitis (inflammation of the colon and neutrophilic infiltrate) 
and STEC-mediated HUS. Pro-inflammatory cytokines are believed to play a role in 
HUS potentially by up-regulating toxin receptor expression or by exacerbating Stx
mediated damage. Because we will be using these animal models to study both the 
pathogenesis of disease and possible treatment therapies, we believe that the use of 
non-steroidal anti-inflammatory drugs (NSAIDs) could confound or possibly mask the 
extent of STEC-mediated damage that we will be evaluating by histological examination 
or toxicity. Secondly, the use of opioids as analgesics has the potential to exacerbate 
symptoms rather than eliminate pain since peristalsis would be reduced. Opium 
compounds have been used in several animal models for gastroenteritis to increase the 
likelihood of establishing and/or maintaining bacterial infection. Additionally, anti-motility 
agents are not recommended for patients with suspected STEC-mediated diarrhea 
because this treatment may increase the risk of progression to HUS. 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Surgery: Intestinal Loop Model 

V.4.3.1. Pre-surgical Provisions: Only mice that appear to be in good health will 
undergo anesthesia. We define good health as clean unruffled fur, alert demeanor and 
no obvious signs of sickness. The mice will be fasted for 18 h prior to surgery. Mice will 
be anesthetized by i.p. injection of ketamine (1 OD mg/kg) and xylazine {1 o mg/kg) 
immediately prior to the surgical procedure. 
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V .4.3.2 . Procedure: The procedure that we will use is a modification of a protocol 
that was described bYj(b)(6) let al. for analysis of the e ffects of Clostridium 
perfringens epsilon toxin on different segments of the intestines (2). BALB/c m ice will 
used in th is study. All pr~rdures w ill be conducted in a certified Biosafety Cabinet in 
our satellite animal room,_ 6

) I 
T h e mice will be fasted for 18 h prior to surgery An overnight fast is needed to reduce 
the volume of the stomach contents so that the entire inoculum can be administered. In 
addition . we have found that mice fed by Pipetman or weigh !:)oat a re more likely to 
ingest the inoculum if they have been fasted. Mice will be anesthetized by i.p. injection 
of ketamine (100 mg/kg) and xylazine (10 mg/kg) immediately prior to the surgical 
procedure. The abdominal area wili be shaved w ith clippers. A 3-4 cm midline 
abdominal incision will be pefformed with a pointed sca lpe l and the stomach, the small 
intestine or the large intestine will be partially externalized. Prior to ligation, the intestinal 
segments will be flushed with 1 ml of warm sterile saline to remove tho fu menal 
contents. For the proximal portion of the small intestine. a segment of 4 cm of intestine 
including duodenum and jejunum will be ligated with Prolene 3 0 just below the pyiorus. 
The middle portion of the small intestine will be ligated 1 cm distal the ligament of Treifz 
and 5 cm down to the ileum. For the d istal portion, the ileum will be ligated 
approximately 5 and 1 cm before the ileocecal valve. respectively For the colonic loops, 
a ligature will be placed at the cecocolonic j unction and a second ligature wfll be placed 
on the colon immediately before the opening to the rectum. Care will b e taken that the 
ligatures are tight enough to prevent the flow of liquids into and from the ligated 
intestinal segments but not too tight to cause damage to the tissues involved. E. coli 
0 157:H7 (enterohcmorrhagic E.coli or EHEC) will be diluted in warm sterile saline. 
which will also serve as the control. Bacterial or sahne preparations will be 
administered using 1-ml tuberculin syringes with a 27*gauge n eed le by oblique insertion 
of the needle in the intestinal segment. always in distal d irection. w ith care being taken 
to avoid intestinal blood vessels . After administration of test solutions, the organs will 
be gently reposit1o neCl and the abdomina l incisions win be sutured i n two planes using 
3-0 Prolene to close the abdominal incisio n and tissue glue to close the skin layer. 
Topical bupivacaine ointment w ill be p laced on the incision s ite aftor suturing to provide 
post-surgical wound analgesia. Buprenorphine (0. 1 mg/kg , s ubcutaneous) will be used 
as a post~surgical analgesic. Injection volumes w ill be kept constant at 300 µI p e r 
animal regardless of the site of administration . The surgical procedure is predicted to 
last approximately 7-10 min per animal. M ice will be e uthanized by isoflurane overdose 
and cervical dislocal1on 6 hrs after inocu lation and tissues w ill be collected for bacterial 
enumeration and histological examination. 

V .4 .3.3. Post-surgical Provisions: Topical bupivacaine drops w ill be placed on 
the incision site after suturing to provide post-surgical wound analgesia . Buprenorphine 
(0.1 mg/kg, subcutaneous) will be used as a post-su.-gical analgesfc and will be 
administered by s .c. injection prior to recovery from anesthesia Mice w ill be observed 
hourly after the survival surgery. Any mice that appear to be extremely moribund, as 
described in V .3.5 above. will be euthanized by isoflu rane overdose and cervical 
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dislocation . In addition. all mice will be euthanlzed 6 hrs after inoculation and tissues 
will be collected for bacterial enumeration and histological examination. 

V-4,3.4. ' l(b)(tJ) 
.Location~~------------------------" 

V .4.3.5. Surgeon; The procedure will be Qerformed by Dr. (b)(6 l w ilo 
is a postdoctoral fellow in our laboratory. Or.l(b){6) I was trained by MAJ Cbl<61 

fb1l65 I OVM . .___ __ __. 

V.4. 3 .6 . 

V.4.3.6.1. 

V.4 .3.6 .2 . 

Muitipfe Mai.OJ' SurvLvalOpe..cati've PFoeedures: 

eroced.ures: NIA 

Scientific J u-$lilication: NIA 

V .4.4. Animal Manipula tio ns; 

V.4.4.1 . lflJe.c..tiOtlS ! 

lntraperitoneat: 
V .1,C, V.1 2.2, V.1.4.3, V.1.6.2, V.1 .8.3: Mice will receive i.p. injections of Stxs, ricin, 
ketamine/xylazine. or anti-Stx or anti- ricin therapeutics diluted in 0.1-0.2 ml sterile sallne 
or sterile PB$. All will be injected i.p. using a 26 gauge needle attached to a tuberculin 
syringe . The dose of toxins and therapeutics will be determined in the experiments. 
Doses of 100 mg/kg ketamine and 10 mg/kg xyiazine diluted in 0.1 -0 .2 ml sterile saline 
will be administered for anesthesia in V .1.2.2 . In V .1 .4 -3. a dose of 40 µg of cipro wil l 
be diluted in 0.1 mi sterile saline and administered by i.p. injection on days 2. 3. 4 . and 5 
post-inocu lation . 

.Intravenous: 
V.1 .6.1. V.1 .6.3., V.1.8 ,3: M ice will receive anti-Stx or anti·ricin therapeutics i.v. via the 
tail vein or retro=orbital sinus in a volume of 100 or 25 µI PBS, respectively, using a 30 
gauge 0.5 inch needle attached to a tuberculin syringe. 

Intestinal injection: 
V.1.2 .2: M ice will receive an injection of STEC or Stx diluted in 0.3 ml sterile saline 
directly into an intestinal loop with a 27 gauge needle attached to a tuberculin syringe _ 

Subcutaneous: 
V .1.2 ,2: Mice will receive 0 .1 mg/kg buprenorphine in 0 .1 ml sterile saline via s.c. 
injection into the right flank with a 26 gauge, ~ .. needle attached to a tuberculin syringe. 
Buprenorphine will be administered only to mice that have undergone survival surgery 

V.4.4 .2. Biosamples: 
Mucus: We collect mucus from the small intestine of mice treated with strand fasted for 
18 h. An overnight fast is needed to reduce the volume of the stomach contents so that 
the entire inoculum can be administered . In addition. we have found that mice fed by 
Pipetman or weigh boat are more likely to ingest the inoculum if they have been fasted. 
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The mice are euthanized by inhalational isoflurane overdose and cervical dislocation 
prior to mucus collection. 

Sera: Blood will be collected from the mice in sections V.1.A, V.1.B and V.1.C by tail 
vein bleed or retro-orbital bleed immediately prior to or by exsanguination upon 
euthanasia. Retro-orbital bleeds will be performed using sterile fine-bore Pasteur pipets 
or micro-capillary tubes. Mice will be lightly anesthetized with isoflurane. No more than 
0.1 ml of blood will be collected by placing the pipet or micro-capillary tube against the 
capillary bed immediately to the right or left of the eye and applying slight pressure to 
stimulate blood flow. A single mouse will be bled no more frequently than once every 3-
4 days and mice will be bled from alternating eyes if they are bled more than once. 

Feces: approximately 1 gram obtained by pellet collection. 

Tissues: Intestines. kidneys, livers, spleens, hearts. brains will be collected after 
inhalational isoflurane overdose and cervical dislocation. 

V.4.4.3. Adjuvants: N/A 

V.4.4.4. Monoclonal Antibody (MAbs) P..-oduction: N/A 

V.4.4.5. Animal Identification: Mice will be identified by cage cards and ear tags or 
ear punch. 

V.4-4.6. Behavioral Studies: 

V.4.4.7. Other P..-ocedures: 
Streptomycin and ampicillin in V.1.A will be administered orally in the dnnking water at a 
dose of 5 g/L str or 10 g/L amp. Antibiotic-containing water will be changed every 1-2 
days. 
Oral gavage of 0.1-0.3 ml STEC. Shiga toxin. or ricin in sterile saline will be performed 
using a 18-20 gauge feeding needle. Anesthesia is not required for this procedure. 
Custom diets that contain 2% or 10% guar gum as the sole source of fiber will be used 
in V.1.2. We have fed mice these diets in the past and have observed no negative 
impact. 

V.4.4.8. Tissue Sharing: NIA 

V.4.5. Study Endpoint: The experimental question is answered by determining the 
number of mice that survived or succumbed to STEC or toxin. See Table 4.5.1 below 
for a description of the study outcome for each experiment. Investigators will 
carefully monitor intoxicated animals and euthanize those that appear extremely 
moribund because it is our experience that these animals will ultimately succumb to 
intoxication. We define extremely moribund as when a mouse exhibits 2 or more of 
the following symptoms: ruffled fur. lethargy. hunched posture. impaired ambulation 
that prevents the animals from reaching food and water. excessive weight loss (>25% 
of initial weight), difficult or labored breathing, and the inability to remain upright. 
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Mice will be weighed daily and those that lose more than 25% or their initia l body 
weight by day 4 post-Inoculation will be euthanized. During the first 5~1 O days after 
infection or first 2-5 days after intoxication (range depends upon the model and 
agent). mice wfll be inspected every 4 h during normal working hours (0600-1900) 
and every 7-8 h during non-business hours. After day 5-14 (endpoint of increased 
monitoring depends upon the model and the agent), mice will be inspected twice· per 
day because few additional deaths a re expected . We Garry out the experrments for 
7-28 days because we occasionally observe symptoms that range from miid 
morbidity to death until the endpoint noted in Table 4 .5.1 below. All inspections will 
be noted on cage cards so that LAM personnel are aware that the mice are being 
monitored. Survlvihg mice wiil be euthanized by LAM personnel by C02 overdose 
and cervical dislocation. 

Table 4 5 1 Study endfoints and ~edicted outcomes 
Study Pain-- Pain I Pain · I S:t:udy Outcom<1 1 number Categorv c Catea~ Categ.Q!Y.!L 

v .1.1 1.1 1 ;?00 Death or euthanasia on dav 21 
V1.1. 12 
V.J 1.2 

V1 . 131 
v_1 .1 3 2 F V1 , 1.3 .3 
~)11 . 1 .3.4 

V1.1.4.1 
V1 .1.4. 2 
V1 . 1.4.3 
V1 .2 1 1 

I V1 2 1 2 
V1.2.1.3 32 
V1.22.1 180 
V1 .2 2 .2 180 
Y1.2 2. l 180 
V1 .2 .2.4 360 
V1 .3 .1.1 
V l.3 .1 .2 
1 3.2 1 

___1,3.2.2 

1 3.3 I 
1.4 .1 

1 4 .2 I 
1.4.3 1 
1 4 .3 .2 
1.4.3 .3 r 
1 5 .1 .1 
1.S.1 .2 --

1.5.2 
1 .5 .3 

~-1 2 J 
2 I 100 I 
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140 Death or euthanasia o n dav 21 
J 300 Death or couthanasia on dav 2i 
I 1440 Death or euthanasia on dav 2-1 
I 72 0 I Death or ~ulhanasia on dat 21 r 720 I Death or euthanasia on dav 7 ot 14 I 

720 Death or euthanasia on day_ 7 or 14 
480 Death or eulhan3sia on dav 7 or 14 

I 480 Death or euthanasia on .dav 7 or 14 
240 Death or euthanasia on oa;r: 7 or 14_ 
120 Death or euthanasia on dav 1or14 
560 Death or euthanasia on dav 7 or 14 
32 Deatt:i or euthanasia on dav 14 

Death or euthanasia at hr 6 
Death or euthanasia at ht6 
Death or euthana:iia al hr 6 
Death or euthanasia at hr 6 -----

80 Deat}1 or e.uthanasia on dJ!Y. 14 
110 Death or euthanasia on da~ 14 
60 Death o r eutnana$1a on dav 1 4 
110 Death or euthanasia on dav 14 

105 Death or euthanasia at 4. 8, 12, .24, 46 72. 
96 hrs 

80 Death o r euthanasia at 3 . 6 . 12. 24. 48. 72. 
96. 12 0 hrs 

120 Death or euthanasia o n dav 28 
120 Death or euthanasia on dal'. 28 
120 I Death or euthanasia on dav 28 
120 I Death or euthanasia on dav 28 
105 Oeatn or euthanasia on dav 14 
168 Death or euthanasia on da)I 14 
96 Death or euthanasia on dav 14 

100 Death or euthanasia on dav 14 
l 

~ 

400 Death or euthanasia on dav 14 
I 600 Death or euthanasia on dav 14 
I 250 Death or euthanasia on day 14 -
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Study Pain Pain 
Pain \c b ~ 

number Cateaorv C Cateao..., 0 Cate1:1orv E 1 Study · utcome 

1.6.3.1 450 Death or euthanasia on ~-~--
,.______] 6 . 3 . 2 450 Death ot euthat>asia on da)! 21 

1 .6 3 .3 450 Death o r euthanasia on d<i'!. 28 

1.6.3.4.1 54 Death or euthanasia on da~----·-
1.6.34.2 I 120 Death or euthanasia on dav 14 

1 6 .3.4.3 150 1200 Deatn or euthanasia on dav 14 
1 .7 60 I ~ Euthanlze immediatetv - +-= 210 Death or euthanasia on dax...14 1 .8 .1 1 

1 1.8 1.2 I 210 I Deaih or euthanasia on day: 14 

1.8 2 I 90 I Dea>h o< euthana'ia •"· 8 , 12. 24, 46,~ 
96 hrs 

-1.8.3.1 150 Death or euthanasia on day 14 
1 .8 .3.2 100 250 Death or euthanasia on da'i 14 

V.4.6. Euthanasia: Mice will be etJthanized by either isonurane overdose (3-4°1<1 
concentration) within the isoflurane Induction chamber of our Gas Anesthesia System, 
which is con nected to a waste disposal system. or within a bell jar containing isoflutane
satllri:lteo gauze. or by C02 overdose. Cervical dislocation will be done on deeply 
anesthetized mice to confirm euthanasia. C02 will be delivered rrom a compressed gas 
cylinder via a reg ulated rate of flow in accordance wHh the 2007 AVMA Guidelines on 
Euthanasia . For euthanasia using C02 , all procedures will be performed by LAM 
personnel. Investigative staff will perform isoflurane euthanasia followed by cervicall 
a islocatior1. 

V.5. Veterinary Care: 

V.5.1. Husbandry Consideratigns: Except as noted below, routine animal husbandry 
will be provided in accordance With LAM Husbandry SOPs for each species in this 
pr?tocol. Mice wiil be h oused in _USU HS rooni<b><6> ~ha t is maintained as a dedicated 
ABSt...2 room. Before the start of the experiment, LAM personnel wiil be responsible ror 
routine animal observations and cage maintenance and provide food and water as 
detailed in ihe LAM Husbandry SOP. During the experiment the investigator will be 
responsible for animal observations (up to 4 times daily) and provide all care for the 
animals For animals In Experiment V .1 .1 .1 that are housed in the ABSL-3 facility otiee 
it is completed. all husbandry will be performed by the investigator. 

v.s.1 .1 . Stud Room: 
Build ing(s (b)(6) Room Number(s (b)~ > 

V .5.1.2. §_p_ecial Husba.ndrv Prov'isions: 

Food Restriction: Yes x (some mice will be fasted overnight) 

Fluid Restriction; No 

V .5 .1 .3. Exceptions: None 
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V.5.2. Veterinary M edical Care: 

V.5.2.1 . Routine Veterinary Medic al Care: 
Untreated an imals will be observed and c a red for by the Center for LAM personnel 
according to U SUHS Center for LAM SOPs. Immunized, infected o r intoxicated anima ls 
w ill be checked regularly by laboratory personnel working on these projects. Moribund 
mice will be euthanized 

V.5.2.2. Emergency Veterinary Medical Care: A ll e m ergency, weekend, and 
holiday c a re is p rovided by two animal husbandry technicians. one o r more veterinary 
technicians. and an o n-call veterinarian . Essent ial husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V .5.3. Environmental Enric hment: 

V .5 .3 .1. Enrichment Strategy: Except as indicated below, a ll animals on this 
protocol will b e provided w ith routin e environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets a nd tunnels for rodents. 

V .5 .3 .2 . Enric hment R el!?,_trictions: None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: o rl<bX6) ~ho 
will n o t do these "hands on" experiments herself, has 35 years experience working w ith 
mice in microbicidal a ssays and has been invo lved w ith the mouse anthrax model since 
2002. 

Protocol activity or 
procedure (e.9 , tail vein 

on·ect ions, euthanasia 

Oral onocuiations 

Oral inoculations 

Oral inoculations 

Oral inoculations 

O ral Inoculations 

Oral Inoculations 

Oral 1noculat1ons 

(b lj) 
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Qualif1cat1ons of person I Specific tra ining in lhls 
perio~mong actMty (e.g., act1v11y or procedure 

research technician, 2 yrs (e.g., rOdent handling 
e~enoe.::.L----;.....,--...,.-=c~la~s~s~.~1~9~9~9~-~ 

Senior lechnic1an. 20 y rs 
ex:oenence 

Research Associate 
Professor, 20 yrs 
ex enonce 

Associate Professor 17 
yrs expenence 

Investigator traonong, 
~Trained by Or 
~odent handhng 
class, Walter Reed . 2000 
Investigator t rain ing 
1995, Trained by Dr. 
D)(6 

Research Techn1c1an 7 I Investigator traininl:I,.,,,..,..,.,,,,..--<, 
_yrs expe::..;r.;.:oe""n"'-'c""e"------~ 2004, Trained by D (b)(6) 

Investigator training, 
Graduate student, 5 yrs 
experoenc@ 

Graduate student. 3 yrs 
experience 

2007. Roden\ handling 
co · Trained by 
Dr 
Investigator training, 
2008, Rodent handling 
co • trained by 

~--__,-=Dr,,L-___ ,,_.,......,~--~ 
Research Technician, 1 lnves11ga or rainin.~~"""".-.---. 
Y.T experience 2011 trained b Mf b}(6) 



Protocol activity or 
Name of person procetlute (e.g .. t~il vein 

iniections. euthafl~slai i;ierfotminQ activitv 
(b)(6) 

Oral Inoculations 

Oral lnoculalions 

Oral Inoculations 

Oral Inoculations 

Oral Inoculations 

Iv. ip. sc injections 

Iv, ip, sc injections 

Iv. ip. sc infections 

Iv. ip. sc Injections 

Iv, ip. sc injections 

Iv, ip. sc injections 

Iv, ip, sc injections 

lv, ip. sc 1nject1ons 
I 

Iv, 1p, sc, intestinal 
injections 

Iv, ip, SC lnjecliOl'IS I 
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auallfications of person 
performing activity (e.g .. 

research technician, 2 yrs 
exoeriencel 

Research technician, 1 yr 
experience 

Postdoctoral fellow, 2 yrs 
experience 

Senior research 
associate. 1 yr 
experience 

Graduate student. 3 yrs 
experience 

Postdoctoral F'ellow, 1 yr 
e'.<oer1en1;e 

Senior technician. 20 yrs 
experience 

Resoarch Associate 
Professor, 20 yrs 
exQerience 

Associate Professor . 17 
yrs experience 

Research Technician, 7 
yrs experience 

Graduate student. 5 yrs 
expenence 

Gradu!Olte student. 3 yrs 
experience 

Research Technician. 1 
vr ex,..,....rience 

Research technician, 1 yr 
experience 

POsldoctors l fellow, 2 yrs 
experience 

Postdoctoral Fellow. i yr 
exnerience 

I Speelfi c training in this 
activity or procedure 

I (e.g., rodent handfing 
c lasS', 19991 

I Investigator training , 
2012 will be trained by 
M rJ<b><6) I 
lnvesi1galor framing. 
2009, ~odent handling 
co .. -- --.inoo- trained by 
Mr l<b)(6) I 
Investigator train ing. 
2009, Rod'ent h1andl ing 
course. :2009; m~ined by 
M rl(b)(6) I .-
Investigator lrafn1ng, 
2oos. Roo'ent ha:ndiing 
course. 4Q!2~r tralnsa tiy 
M rl<bJ(6) I 
investigS<{or tr011nin~. 

I 2008; trained b)'. r(<b)(6) 

Investigator trc:iinir19. 
~Trained by Dr 

'Odent handling 
class Waiter Re.ad. 2000 
invesiig.ator train ing , 
~ror.c T'"-·- =d by D r. 

bXe> I 
investigator ttain irrg. 
19§5 TFa1ned bv Dr 

(01\0) I - 1r111estigator training. 
..,""<i Tr,.in= "" r>rs . 

(b)(6) I 
1 •nve_:>tigatot training. 

2007, R0<.1efit handlfng 
course. 2 Q'Q7 : T rained oy 
Drl (b)(6) I 
Investigator training, 
2008, R odent han{llirtg 
course. 2()08; trained by 
Mrl16i~i I 
lnves1igalor t raininq 
2011 , train~d bY. Mrl<b)(6) 
Investigator tra ining. 
2012 w il l .__ tra1ne;.., "'' 
M r1w xo1 lane! Mri'u"v' 
lriVestig alor training. 
2009, Rodent handling 
co ··-- "'"'9; tra ined by 
Mrl(b)(6) land MAJ 
(b)(ti) r 
lnvestrgator training, 2008; 
trained bv Mrl (bJ(6) I 



Qualifications of person 
Protocol activity or performing activity (e.g., 

procedure (e .g . tail vein Name of person research technician, 2 yrs 

Speciflc trainin9 lh this 
activity or procedure 
{e.g., rodent handling 

in!echons, euthanasia} oerfoni1ina activrtv exoerience-l 
'J..!!!~==°!L-~~'1:'1'12/lO~/:::..:..:;:;:..:,.:.;~~:.::.:.;,.::..:;;.i:__ ...... r--~~.::=~ 

olas.s, t999~' 
tnvestiga for tra tn i iig'. 

Iv, ip, sc injections 

Iv, ip. sc injections 

Iv, ip, sc injections 

Tail vein, retro-orbital, 
terminal bleeds 

Tall vein. retro-Qtb1tal. 
terminal bleeds 

Tai l vein. retro-orbital. 
terminal b leeds 

Tail vein. retro-orbital. 
terminal bleeds 

Tail vein. retro-orbltal. 
terminal bleeds 

Tail vein. relr~orb1tal , 
terminal bleeds 

Taii vein. retro-olbftal. 
terminal bleeds 

Tail vein, retro-orbital. 
terminal bleeds 

Tail vein. retro-ortl ital . 
terminal bleeds 

Tail vein, retr~rbital, 
terminal bleeds 

Tail vein. retro-orbital, 
terminal bleeds 

1tb)(6) 
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Senior research 
associate, 1 yr 
experience 

2009, Rodent handhng 
coun;e,. 2-oQg· t reineCI by 
Mr.f b)(ti) I I 
lnvestigat-0r training , 

Graduate student, j yrs 2008, Rodent handling 
experience course. 2009; trained by 

1==-------~--il-'Mrl<bJ(6) I 
ihvest>fjator training. 

Senior Scientist 16 yr 
experience 

Senior technician, 20 yrs 
e)(perience 

Research A.ssociate 
Profe-s:sor. 20 yrs 
exoerlence 

200S, Rodent Handling 
Course uAE!,_ 1997, 
E:x1ernal train ing. UAB. 
1997; UW2004. NIH 
::wo7 

Investigator trafn lf\g, 

I
~ Trained by Or. 
~odent handling 
clas&, Wl:itter Reed, 2000 
Investigator train ing, 
1995, Trained by Or. 

f bl<Bl I 
Associate Pmressor. 17 Investigator training. 

I 
1995 Trainaj by Dr. 

l(b)(6) !-

Ressarch Technician 1 investigator training. 
"--'"'-''r_e,,_X"''"'"--==·e,,_r,_,ie:::n..::· c::::e:<-___ __ ..J....!:2.:<0....:1....:1:.... •....:tc'..re=ined bv M rl"<""bX'"'6"'),.....,... j• 

Investigator training . 
Research technician. 1 yr 2012. will be trained by 
experience M rl (b)(6) land Mrl (b}(6) 

Postdoctoral fellow 2 yrs 
experience 

I Senior research 
' associate. 1 yr 
experience 

Graduate student, 3 yrs 
experience 

lnvestig~for training . 
2009. Rodent handling 
course, 2009: tra ined by 
Mr.r(b)(6J l 
Investigator train ing, 
2009, Rodent handling 
course 2009: t rained by 
M rf(b)(6) · ·~-==---I 
Investigator training. 2008, 
Rodent handl ing CO·'l'l'.~''''-"~-,1 2009 tf<Hnsd bv i.....rn5J\01 I 



--
Pootocol activity or 

procedure (e.g .. tail veili Name of person 
in(ect1011s. eulhanasia) penormioo activity 

\OJlOJ 

r Tail ~;n, ~tro-ort>..,, 
terminal bleeds 

I 

Tail vein, retro 0 orbital, 
terminal bleeds 

I 
(b)(6) 

Euthanasia by isoflurane 
overdose 

Euthanasia by 
isoflurane. overdose 

Euthanasia by 
isoflurane overdose 

Euthariasia by 
isotlurane overdose 

Euthanasia by 
isofhJrane O\lerdose 

Euthanasia by 
iSotlurane overdose 

Euthanasia by 
isa:jflurane overtlose 

Euthanasia by 
1soflurane overdose 

Euthanasia by 
isoflurane overdose 

Euthanasia by 
1soflurane overdose 

Euthanasia by 
isoflu rane O\lerdose 

Euthanasia by 
isoflurane overdose 
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Qualifications of person 
performing activity (e g .. 

researeh teennician. 2 yrs 
.experience) 

Senior Sc;:ientist. 16 yr 
experience 

Postdoctoral Fellow. 1 yr 
experience 

SeFlior technician. 20 yrs 
experience 

Reseairch Assooiale 
Professor, 20 yrs 
exnerience 

Associate Professor, 17 
yrs e)(petience 

Research Technician, 
7yrs experience 

Graduate student, 5 yrs 
experience 

Graduate student, 3 yrs 
experience 

Research Technician, 1 
yr expafien<::e 

Research technician, i yr 
experience 

Postdoctoral fellow. 2 yrs 
experience 

Senior researefi 
associate. 1 yr 
ax~rience 

Graduate student. 3 yrs 
experience 

Senior Scientist, 16 yr 
experience 

! Specific trainrng fn this 
activity or procedure 
(e.g .. rodent haMOng 

class, 1999> __ 
lnvesfigalot tr;;iinlng. 
200B. Roden! Handl ing 

' Course UAB. 1997, 
j External tramlng: UAB, 

1991. UW 2004, N IH 
2007 
tinvesliga~or training. 

2008; tramed by Mr, 
(0)(6) I 

lrwestigator t~~1995. 
'Trained by Dr (b){6) odenl 
hancMing clas$, Walter 
Reed, 2000 I hwestigator iraining. 
1"""' T ""'lned by Df. 

l \D){tl) l 
lnvest19atot training, 
1ooc . · ...... Dr. 

(b)(6) I 
lnvesligat-- •rain;;;;h· 
2004, DrsJ(b)(6) I 

llb){6) I 

l nvestigator training. 
2oot. Rodent handling 
course ?rvl7· 'frained by 
orl<bX6l I 
Investigator training. 
2008, Rodent handling 
course, 2008 : l<ained by 
M r.Jlb)(6) I 

Investigator training. 
2011 , trained bv M r Kb)(6) 
Investigator training. 
2012 . will be trained b" 
Mrl(bJ(6) hmd M rJCb)(6J 
Investigator training. 
2009. Rodent hai'\dling 
covrse. 200&: trained by 
M rl(b)l6) I 
Investigator trainil"lg. 

l 
2009. Rodent handling 
course 2""0 • trained by 
Mr) !t>)(6) I 
lnvestiga\or training. 
2008. Rodent handling 
course. 2009; trained by 
[)r.l <b><i'h I 
r n110st19alQf 1ta1nong, 2006. 
Rodent H'am'1ing Cour1'o' UAB', 
1997. E><tsrnal training: UAS 
1997· UW2004 NIH 2007 



I 
Qualification& ot persor> I Specil'ie trairting lo this 

Protocol activity or performing aetivity (e.g.. actlviW or procedure 
procedure (e.g .. tail vein Name of person research taohhiei<3n. 2 y(S I (e.g., rodent handUng 
_l.Dj~ e"'u""th"-"'a"'n'-"a!.:'s'.!ia,,,1L-)-b:=~o::::e:;;;.· :.:rf.:::6~fm:.:.· ::;ln:.:.1a:.i..:;e:.:· c~t:.:M:,::1t~v -....Jt----~e,;.;x~p~es.r!.!.'le::.!nce} . clas~ 19991 
E uthanasia by (b)(6} ~os<doet ral Fei1· w 1 yr ' l_nvestiga~o r training . 
isonurai'ie overdose penen ° 0 

• 2008 trained by M r x ~ ~00 I 

Ear tag J Ear punch 

Ear tag I Ear r:>Unch 

/ Ear tag I Ear punch 

I Ear tag I Ear punch 

Ear tag I Ear punch 

Ear tag I Ear punch 

Ear tag I Ear punch 

Ear tag I Ear punch 

Ear tag I Ear punch 

Ear tag I Ear punch 

Ear tag I Ear punch 

- ------~-!! 

Ear tag I Ear punch 

Ear tag I Ear punch 
I 

b}(6) 
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Senfor technician. 20 yrs 
experience 

Resoar.ch Associato 
Professor. 20 yrs 
exnerience 

Associate Professor. 17 
yrs experience 

Researeh Technician. 7 
yrs experience 

Graduate student. 5 yrs 
experience 

Graduate student. 3 yrs 
exPerience 

Researeh Teehmdan. 1 
yr experience 

------....\ 
lfWesiigator iralnlng. 
100" Trained by Dr. 

bJ<5> lrodent handling 
class. Walter Reed 2000 
Investigator training , 
1 00.:; T•"'tned by Ot 

~UJ\O/ I 
Investigator !raining, 
1985 !rained t)y Dr 

(b)(6) l 
J 1nves11garot :raining. 
, 2004 Trained bv Dts 
(b)(6J I 
Investigator training. 
2007. Rodent handling 
course 2 007· Trained by 
D r l\bJ(B) I 
Investigator tra ining. 
2008', Roden! nandffng 

~O~b~~) 2Q08· r irted by 

Investigator training,fl. ~l!!'t"--11 
2011 . trained by Mm"""' 

Research technician. 1 yr Investigator traming. 

experience ~~;1~1l;•11 "~:;Ji~~~0~~1 
Postdoctoral fellow. 2 yrs 
experience 

Senior Scient ist. 16 yr 
e)(perienee 

Postdoctoral Fellow. 1 yr 
expenence 

fnvesHga.tor tr8in1ng. 
2009. Rodent handling 
coursA 2000' trained ey 
M r " "l\"I I 

Investigator train ing. 
2008. Rodent Handling 
Coim;e UAB. 1997, 
External training: UAB. 
1997; UW 2004: NIH 
2007 
Investigator training. 
ZO"'°. ·~~,~--' by Mr. 
bJ<6> I 



r QualiflCatlc;n;-Of person Spec1f1etrarnin9 10' tr!IS l 
I Protocol activtty or performing acti111ty {e g . activity or procedure 

procedure (cg tail vein Name of person research t9Chnic1an. 2 yrs (e g . rodent handhng 
I miecllons, eothan~a::..:s~·a~-,,,=,.....t:P.::.e:..:rf.:::o.:..:.a.:..:::.n1n~~;;,.:..:;~--<-----"e"'x'1=.:..:riefl=-'c:::;e=----r-.::-:-::7'.:':c1::':as~s':":. :::199=9~---. 

(b)(G) Investigator training, 

Intestinal Loop surgery Postcroctoral fellow. 2 yrs 
expenence 

2009 Rodent handhng 
cou~re 7009 !rr_ ined by 

_ MA.JtLCb_X_6_> __ _, ____ __, 

VII. BIOHAZARDSISAFETY: A detailed risk assessment was comp leted at the 
req uest o t the Div1s1on of Select Agents and Toxins (DSAT) at the Centers for Disease 
Control and Prevention. All animal handling procedures meet or exceed the 
requirements of the DSAT and the Biosafety in Microbiological and Biomedical 
Laboratories. Fifth Edition, for ABSL2 experiments. The mice a re housed under 
b1ocontainment conditions (ABSL2). Mice infected with STEC or intoxicated with Stx or 
ricin will be isolated from non-infected animals . Gloves, lab coats. and surgical masks 
must be worn by ,all personnel when handling mice N95 masks afe required when mice 
are inoculated with ricin. Socs. or C227-11 In addition, all inoculations with C227-11 will 
be conducted in a certified Type II Biosafety Cabinet. Survival surgery will be 
conducted in a certitisd Type II B iosafety Cabinet Bedding may be contaminated with 
fecal pellets that contain STEC; therefore, all bedd ing and all animal carcasses shou ld 
be treated as infectious and must be autoclaved ~~/or brnod . All cages will be 
changed in a certified Siosafety Cabinet in Roon t>) A ll needles and scalpels wilf 
be disposed of in dedicated Sharps containers that a re decontaminated and incinerated 
as Regulated Medical Waste . 

All procedures that involve the use of isoflura ne will be performed in either a 
chemic.al fume hood (bell jar) or wi!p gas apesthesia system with waste-scavenging 
charcoal filters (both located in D~lb ts) Jaboratory) , All personnel who use 
1soflurane are aware of its associated safety hazards and have been properly trained in 
rts transport, use and storage. 

VIII. ENCLOS U RES: 

1 . Registration Certif icate for use of Select Agents from the D ivision of Select Agents 
and Toxins, Centers for Disease Control and P revention 

2 . Letter of approval for Experiment V 1.1.1 from Division of Select Agents and Toxins, 
Centers for Disease Control and Prevention 

3 l(b)(ll) h orn NIAID. "Pathogenicity of S higa Toxin-Producing£. colr 

4 . l<b)(tJ) !Administrative Supplement to!<b)(6) ! from NIAID, "Pathogen1city of 
Shiga Tox1n-Produc1ng E. coll' 

5. 1<
6

><
6

> h rom NIAID. UShiga toxin and ricin interaction with 
enterocytes and rescue of target cells" 
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6 . ltb)(6) lfrom DTRA, "Antibacterial and Anti~Shiga i0>~_in 
Expression Activities of Morphofino Compounds against EHEC0104.H4 and Related 
Prokaryoles" 

7 _ ltbl<5> ltrom USU HS, "Susceptibihty of Recombinant Inbred Mice to Shiga Toxins 
and E. coli 0157:H7'' 
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nt.. ASSURANces ~ 

As the Principal lnvestigator on this protoeol, I acknowledge my responsibilllies and 
provide assutanoes for the following: 

A . Animal Us@: The animals authorized for us~ in thi§ protocol will be ~cl 
only in the activities and in tile manner CJesctibed herein, unless a modification is 
specifically approved by the IACUC prior to its implementation. 

e . oue;licatioii of Effort ! I have made a reasonable, good faith effort, to 
ensure that this protocol is not an unnecessary dupl ication of previous experiments, 

C. ·StathU.ieal Assurance: I a§~ure that I have eonsulted with an individual 
who is qualified to eva'luate the statistical design or strategy of I.his proposal. and that 
the "minimum niJmber of animals nooc:teo for scientific validity are used.· 

D. Bit>haza·td\Safety: I have taken into consideration and made the proper 
coordination regarding aii appllcat:lle rules and regulations concerning. radiation 
protection, biosafety. recombinant issues, and so forth. in the preparation of this 
protocoL 

E. Training; I verify that the personnel performing tf'ie animal procedures I 
maniptJlations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress wiU be 
caused to the animals as a result of the procedures I manipulations. 

A Training· I verify that I have attended the USlJHS Investigator/Animal User 
Training ,...;.:~ = 

B. 
b )(6) 

f I 

) rJ I),.,{ }' 
Date ' I Princlpal lnve ·~ 

A. Training: The following personnel will attend the next USU HS 
Investigator/Animal User Training Course; All personnel are ct1rrent on their 
training 
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H . Responsibility: I acknowledge the inherent moral, ethical and administrative 
o b ligations assoc1atea w ith the performance of this animal use p rotocol. and I assure 
that all 1nd1v1duals associated w lth this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the re sea rch animals Additionally. 1 pledge to 
conduct this study tn the spirit of the fourth " R" that the 000 has emb raced , namely, 
" Responsibllity" fo r implementing animal use alternatives where feasible and conduct ing 
humane and lawfu l research 

I. Painful Procedure(s): lam conducung biomedical experiments which 
may potentially cau se more tll,.ao.ttlm'.l:ie..!lli.lt:Y-oLsl~t pain or distress to animals. This 
potential pain and/or d1stres~WlLL orWlbL NOTJ:je relieved with the use of 
a nesthetics, analgesics and/ortranquili2er'S:-Th8ve considered alternatives to such 
procedures: however. using the m e thods and sources d escribed in the protocol. I have 
determined thot alternative procedures are not available to accomplish the objectives of 
tnis proposed experiment. 

VSUHS Form 3206 - Rev••ed Ocrobt>! 2008 
PrevtQu., vef"£9oos a1e obso..,ie 47 



X . eBO! OCOL ABSTRACT: 

A. Animal Pro tocol Number: ._l<b_X_6_> _ ___ __. 

B. Animal Pro tocol T itle : Pathogenicity of S h iga toxin- producing E. coli and 
ncm ihtox1cation (mice) 

C. Princ ipal Inv e s tig ato r : llbXOl lPh.D 

D . P erfo rming O rganizatio n : USUHS 

E . Et.mding: NIAID. DTRA. USUHS 

F. O b !ectjve a nd Approac h : Shiga toxin (Stx)-producing E scherichia Coli 
(STEC ) are known as the c a usative agent of "hamburger disease .. because they are 
often transmitted through undercooked hamburgers. $1 EC are food- and water-borne 
pathogens that are the most common infectious cause of bloody diarrhea in the United 
States The hemolytic u remic syndrome {HUS), which can occur a s a result of STEC 
Infection, is tho most frequent basis for acute kidney failuro in U .S . children. The STEC 
make one or more Stxs (St.><1 . Stx2 or variant of those) that arc key factors in (he 
developmonl o f the HUS. The Slxs a:re generally encoded within bacteriophage 
genomes that lysogenize E. coli. a n d can therefore be transmitted among susceptible 
bacteria . Evidence that su c h transmission m ay occur became evident in 2011 . when a 
large food-borne outbreak of bloody diarrhea a nd HUS due to an UO\Jsual 0104:H4 E. 
coli strain that produced Stx2 occurred in Germany. T he outbreak isolate was an 
enteroaggre gative E . coli that had most likely acquired an s tx..-encoding phage from a 
more typical ST EC. T he mech anism of action of the Stxs is the same o f that of the 
plant toxin ric in : they both halt protein synthesis in the target c ell The specific aims of 
this project are to: 1 .) evaluate th e properties of certain Stx family members e ither in 
purified form or as produced from STEC strains that make them more toxic for mice and 
human kidney cells than other family members. 2 .) determine 1f an 0157:H7 strain that 
p roduces Stx2dact is virulent in mice, a nd . conversely , if the Stx2dact-p roducing mouse 
virulent strain B2F1 is ren dered less virulent when Stx2dact 1s mutated to Stx2; 3 .) 
determine the effect of alterations in dietary fiber on the susceptibility of mice to the Stxs 
or to S TEC; 4 .) assess if Stx1 or Stx2 enhances the colon ization capacity of ST EC 
strains : 5.) evaluate the protective capacity of anti-bacteria l or anti toxin morpholino 
compounds in STEC-infected m ice: 6.) measure the protective properties of anti-Stx or 
anti-rlcln therapeutic conjugates in tissue culture or in mice; 7.) evaluate the 
susceptibility of advanced recombinant inbred (ARI) mice to Stx1 or Stx2; and, 8.) 
measure differences In the capacity of STEC strains that produce S tx1 or Stx2 to 
colonize BXD mice. 

G. Inde x ing Terms (D e s c ripto rs}: STEC, Shiga toxin-producing E . cof1, Shiga 
toxin. animal model. mice. hemorrh agic colitis. hemolytic uremic syndrome, ricin, 
rnorpholino. antibod y 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
F. EDWARD HEBERT SCHOOL OF MEDICINE 

4301 JONES BRIDGE ROAD 
BETHESDA, MARYLAND 2CJ.i14-4712 

http :/fwww.u9uh•.l'flll Janumy 2S, 2012 

MEMORANDUM FOR DR . .... f6>_l6> ___ ___.I DEPARTMENT OF MICROBIOLOOY 

SUBJECT: IACUC Approval of Protocol-Triennial Review 

The following application was reviewed and approved by the Urufonned Services 
University of the Health Sciences (USUHS) Institutional Arumal Care and Use Committee 
(IA CUC} via designated member review on January 2.5. 2012: 

Animal f rotoeol Title: "New 'lllerapies and Vaccines Asam.st Bacillus Anthrocis'"' 

USUHS Protocol Nwnber:I .... (
5
_><

5
_> ___ _, 

ExpiraliQil Date: January 24, 2015 

Supporting Granl{s) Nwnbe4 ( .... '.b_><
5
_> ________ ___, 

~ame of Principal lnvcstiantor. Dr . .... ~b-)(6_> ___ ___, 

The USlJHS has an Animal Welfare A~u:rance on file with the Office for Labor&ory 
Anima} Welfare (OLA W)1 National Institutes of Health (NIH). The Assunmcc Number is 

ll6)(6) I The IACUC approved the above referenced application & submined. 

An aonuaJ review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of lhe protocol. Jfwork i!. to be continued past the 
expiration date, a triennial review must be completed prior lO chc expiration date in order for 
work to be uninterrupted. .Protocol expiration dates may nol be extended, and no animal work 
may be done without ao approved protocol. AJtlw>ugh the IACUC ma~ scod remindm, it is the 
investigator's responsibility to submit an annual review fonn (Fonn J206A) at least 30 days in 
advance, or a new Fonn 3206 for trieonial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJfb)(S) Ito schedule a 
pre-protocol pl.annjflg meetingl<b)<6> I 'Ibis meeting must OCC\Jf to c.1lSlrn: Mimal numbl.TS 
arc loaded in the ('ART system •nd LAM "'[,j' arc ,,.ailoblc to mi yoir needs. 

pr IPh.o. 
Chair, Institutional Animal 

Care an<1 Use Committee, USU HS 
cc: 
Otlice of Research 

Ltarning to Care for Thou irr Ham~ Way 

Docfio 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 

PROTOCOL NUMBER:l ... (b-)(
6

_> ----

PROTOCOL TITLE: New Therapies and Vaccines against Bacillus anthracis (mice) 

GBANJ TITLE (jf different from above): New Therapies and Vaccines against 
Bacillus anthracis 

USUHSPROJECTNUMBER:{6 _>_W_l ____________ ___ 

FUNDING AGENCY: Biological Defense Research Directorate, Naval Medical 
Research Center 

EARLIEST ANTICIPATED FUNDING START DATE: 1 October 2011 

PRINCl':AL INVESTIGATOR: ... l<b-)(5_> ________ I Ph.D . 

. 1:)(
6
) 1 ...... -. -~ MIC l<

0
><

5
l I 

rincipal lnvestigatoYSignature Department Office/Lab Telephone Date 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scien:tinc 
review and is consistent with ood scien1ific research practice. 

) 

Professor 
Title Telepnone 

i.J./J')' /;I 
oater Y 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the. intent of the 
study. 

I . MIC .... l<b=)(6...,.) ......,.. ___ _,__ 

Department Telephone Date 
Typed Nemej.__)(6_) __ __,IPh.0. 

AUEHPIN(j VEIERINARIAH: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if -. . . 
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I"''"'¥",,., ID!ljjM11Yf'1.Mft• ( .... (b_)(6_) ___ ___,I t-'n.u . 

ANIMAL PROTQCQL It UMBER~ .... l(b)_<5_> __ _i 

'91NCIPAb INY!IRGAIOR:f ..... 61
_<
5
> ___ _..I Ph.D. 

ANIMAL PRQJOCOL T[IJ.&: NeW T1'ierapiM and Vaccines against BacUlus anthracls 
(mce and guinea pigs) 

GRANT mu (If dllfl[!nt from pml: New Therapies and Vaccines against 
Beel/us anlhracls 

U§UH8PRQJECINUMQER:f6 .... _>~_! ______ ____, 

JCO:ftlYUIIMTORISll(~B} Ptt.o. (corresponding)l(b)(6) !Ph.D •• 
I~ ~f>h:o.I ttQ .... 1<6_>t6_> __ _.IVMo .___ _ __ _. 

TEctlttlCl6H811>: Mr.f ..... 6
>_<
5

> ___ _.~r. l<6>i
6) l MrJ,_lb>_t6_1 ___ ___, 

I. NON·JECHNHwAL SYNQPSl8: Bac/Hus anthracls, the bacterium responsible for 
anthrax, persists In the environment es a dormant, well·protectod spore that Is resistant 
to damage and drying. Dlseaae oo::urs when the spores are Inhaled, lngalted, or enter 
wounds In the skin. Once In the body, the dormant spores germinate, or lose their 
protectlYe coating, and exJ>8t'd Into ~ bacter1a that multiply and produce 
toxiia that lead to often fatal disease In the patient Sporae of B. anthracls have tong 
been conalderad potential blologlcal weapons. During October, 2001 in the US tl*9 
were 22 cases or anthrax that resuled ffom such a delberate uposura. 11 of which 
had the most lethal lnhalatlonal disease form. Indeed. the aggreestve use of qulnolones 
and other antibiotics coupled with the ear1y recognition rl disease resulted ln the 
aurvtval r:l 8 of the 11 patients. Nonetheless, hund reda of ottler Individuals potentlally 
axpoaed to anthrax spores required an extended OOUl'l8 of antibiotic therapy due to the 
concern that they atll carried spores in their lungs that could germinate after the 
oondualon of their antibiotic treatment Our overarching goals are to 1 ) develop a 
vaedne that is aafe and effective for prevention of an1hrax dlaease. and 2) develop 
therapleS that prevent the first stage rl disease, epeciftcally gennlnation of the spores. 
Two ways to block such germination ere to 1) administer antiboc:Uee agalnat the aporea 
before or lmmec:Jietely after exposure; or, 2) Immunize et-rtek Individuals (such as 
soldiers) with a vaccine that contains spore-surface (also known aa exospor1um) 
proteins. Our experiments will be done with B. anthracls Steme, a strain that doea not 
caUM dlaeaae in humans and la not considered a t>loweapon. We wlll detennine If mice 
immunlZed wtth exotporturn proteins Of B. anthracis or Inactivated spores ftt>m an 
evlrulent B. C818us strain are protected against an otherwise lethal doae of spol'BS 
Introduced into the nose, the akin, or the blood1treem. In addition, we wlU taet chemical 
~unda that alter germination of spores In lab a.lilt.Ires for their capacity to prevent 
dlseaae in mice Infected with spores. Another elm Is to 1tudy hoW certain tratte of B. 
enthracls Influence diaeaae produGtk>n. Identification of these traits, or virulence factors, 
WUI llumlnm which are Important targets for antlmlcrobMl&s and vaccinea. We wtll 
measure the outcome of lnfection In mice exposed to the Sterne strain Wf'Slll that seen 
when mice are infected with attaiia mutated (deficient) in those tralts. Likewise, we will 
inv.atlgate the very cfosely-;elated bacterium B. cereus that cauees self~imiting 
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gastrointestinal or ocular diseases In healthy people but which is responsible for 
illnesses like sepsis, meningitis, and endocardltis In immunocompromlsed persons. We 
hope to detennf ne the bacterial properties (some likely shared with a. anthrscls) that 
lead to disease with B. cereus. 

II. BACKGROUND: 

11.1. Backarounsl: Our studies will continue to lnvesttgate two highly related species 
from the genus Baell/us: B. anthracls and B. C819us. The Infectious fonn of B. anthracls 
and a. cereus for animals and humans is the spore. To cause systemic disease, the 
spore must gennlnate and undergo outgrowth to the vegetative rod. Although the 
pathogenesis of lnhalational, cutaneous, and gastrointestinal anthrax likely Involves the 
same general steps, the morbidities and mortalities differ significantly. After introduction 
of spores Into the host via Inhalation, Ingestion, or wound contamination. the spores are 
rapidly phagocytosed by resident maaophages (M<l>s). We and others have shown 
through In vivo imaging studies that the spores germinate in the Mef)s, either at the site 
of inoculation or after the MCI>& have migrated to the regional lymph nodes (7. 9, 10, 19). 
The spores germinate to fonn encapsulated vegetative roe.la, which replicate In the MCI»& 
and produce toxins that kill the M<Ps. The extracellular bacilli then disseminate within 
the host and express the full constellation of virulence factors. 

The two principal toxins produced by the vegetative bacteria are Edema Toxin (ET) 
and Lethal Toxin (LT). Edema Factor (EF) and Lethal Factor (LF) Interact with and are 
delivered to the cell interior by the same binding subunit, called the Protective Antigen 
(PA). PA Is the principal component of the licensed anthrax vaccine (Blothrax®). ET Is 
comprised of PA and EF and LT Is comprised of LF and PA. ET Is a calmodulln
dependent adenylate cyclase that converts ATP to cAMP within its target cells. Lethal 
toxin is a zlnc-metalloprotease that cleaves mltogen-activated protein kinase klnases 
(MAPKK) wtthln M~. which can lead to apoptosls of the M~ and release of vegetative 
calls and toxins Into the surrounding milieu. In addition to the toxins, all strains of B. 
anthracfs and some strains of B. cereus that cause disease in humans produce one or 
more capsules. The capsules protect the vegetative bacteria from phagocytoals by 
maaophages and neutrophlls. particularly during dissemination through the lymph and 
blood to distal sites. 

The majority of animal modets of anthrax disease mimic lnhalational or 
subcutaneous anthrax in humans (see (20) for review of anlmal models of anthrax 
disease}. lnhalational models have been used most often, despite the relatively low 
frequency of inhalatlonal anthrax (compared to the other routes of Inoculation), because 
aerosolized spores have the potential to be used as bioweapons. Like humans, non. 
human primates and rabbits are particularly susceptible to the effects Of LT and ET, a 
characteristic that makes these animal models particularly useful for studies of late 
stage anthrax disease as well as vaccines and therapeutics. Mice and guinea pigs can 
be used to model both the infection (early) and toxemia Oats) stages of disease. Mice 
have been used most extensively due to their low cost. ease of handling, and genetic , 
diversity. Mouse models of anthrax disease are used to mimic inhalatlonal {aerosol, 
Intranasal, lntratracheal inoculation), cutaneous (subcutaneous inoculation), and 
gastrointestinal (oral Inoculation) forms of human anthrax. and all of these models are 
useful for studies of infection and toxemia. In addition, challenge by lntraperltoneal or 
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Intravenous routes can be useful for Investigations of the roles of capsules and toxins In 
Bacillus pathogenesis. 

All of our B. anthracls animal studies are conduded with B. anthracls Sterne, an 
attenuated strain that does not produce capsule and that Is used as a vaccine for cattle. 
a anthrac/s Sterne Is fully virulent In AJJ mouse models of anthrax disease. The genes 
that encode the toxin components in B. anthracls (pag, lef, cya) are located on the 
pX01 megaplasmld. The pX02 megaplasmld, which Is not present In B. anthrac/8 
steme, encodes the genes required for produdJon of a poly-0-glutamfc add capsule. 
Our studies of B. cef8us virulence are oonducted with B. cereus G9241, a strain that 
was Isolated from the blood and sputum of a welder who had anthrax-Hke pneumonia 
(11). B. cereus G9241 is unique among B. cel8Us strains for the following reasons: 1) 
8. cef8us typlcally causes mild gastroenteritis rather than anthrax-like pneumonia In 
humans: and 2) the strain contains two megaplasmids, pBCX01 and pBC218. The 
p8CX01 megaplasmld is 99% Identical to pX01 In a anthracls. One key difference 
between the two megaplaamids ls that the hssACB operon on pBCX01 Is Intact, which 
provides B. cereus G9241 with the tools necessary to produce a hyaluronlc acid 
capsule (16). The hasACB operon on the B. anthracis pX01 contains a frameshlft 
mutation that renders the operon non-functional. In addition, pBC218 contains a 
second functional capsule operon and a homolog of the gene that encodes PA (pag). A 
third toxin, Certhrax, that functions as an AOP-ribosyttransferase Is encoded on p8C218 
as well (8); the role of this toxin In B. cereus disease wtll be Investigated In the studies 
described in this protocol. 

Despite the prominent role of the toxins In anthrax disease, we propose that if 
spores can be blocked from genninatlon, the vegetative cells that express these toxins 
will not be fonned. We hypothesize that antibodies against spore surface components 
could prevent genninatlon, possibly via opsonlzatlon of the spores to facilitate 
phagocytic cell uptake and subsequent killing. We have previously demonstrated that 
lntraperttoneal (l.p.) immunization of AJJ mice with a sublethal dose of PA followed by 
the spore proteins BcLA. BxpB, and/or p5303 protects mice from subsequent 
subcutaneous (s.c.) challenge with 8. anthracls Sterne (6). We also vaccinated AJJ and 
BALB/c mice With fonnalin-lnactivated a. cereus G9241 pBCX01- p8C218- spores (DC 
FIS); DC FIS are non-viable due to fonnalln..fnactivation and do not contain toxin 
components. All AIJ mice vaccinated Intra.nasally (l.n.) or s.c. with DC FIS were 
protected from subsequent B. anthracls Sterne chaHenge via i.n. or s.c. routes. When 
our collaborators at USAMRllD vaccinated BALB/c mice with DC FIS l.p., they saw 60% 
protection from i.n. challenge and 80% protection from i.p. challenge with the fully 
virulent B. snthracis Ames. These data pnmde strong evidence for our hypothesis that 
spore surface components are effective immunogens for generation of antibodies that 
protect against B. anthracls infection. 

We also theorize that administration of a small molecule that Inhibits gennlnation as 
a post-challenge therapeutic wlll protect mioe from anthrax disease. The small 
molecule 6-thloguanlne (6-TG), an analog of known In vitro gennlnanta inoslne and 
alanine, was previously shown to Inhibit germination of B. snthracls spores In vitro and 
In M4>s (1). We have screened 3722 small molecules to identify compounds that have 
the capacity to alter germination of B. anthracls steme spores In a high-throughput Jn 
vitro assay. We have discovered 20 potential lead compounds (molecules that Inhibit 
the germination rate by at least 213), as well as 65 eddlUonal compounds classified as 
"moderate Inhibitors• that reduce the gennlnatJon rate to between 113 and 213 of the 
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positive control. These 85 compounds wtll be further tested In vitro and In Mei> 
phagoeytoals and Idling aaaays. Small molecules that tnhil>lt germination In ·all of the In 
Vitro assays wlll be teated in our AJJ mouse models of B. anthracls disease. 

11.2. Ll1!gty[! S!an:h for DupUc!tlon: 

IL2. 1. Lllfraturt 8ourcat1l 8Mrcbd: OoD Blomedk:al Reaearch Databeae (BRO), 
NIH Research Portfolio Online Reporti'\g Toole (RePORn. and PUBMED 

11.2..2. Diii of IHn;b: 12 December 2011 

11.2.3. P!dod of stlrcb: BRO Database [FY1998 to FY2009 (most recent)], NIH 
RePORT (FY2002 • FY2012), PUBMED (Avallebte - Deoamber 2011, English only) 

11.2.A. Ktx Word! and IMrch Stgt!qy: Bacillus AND (spores OR capsule OR 
germination OR dissemination OR immunization) AND {mouse OR mice) 

11.2.5. RuUttt of IWCI!: 
RESULTS FROM BRO: Search of the BRO database using Bacillus AND anthracls 
MID spores resulted in 102 hits, of ~lch 40 were unique and 7 were from my 
laboratory. Other studies utlllzed guinea pigs. rabbits. and monkeys to ascertain B. 
anthracls virulence properties. Fourteen dOQJmenta were from our collaborators et 
USAMRllD and outlined our joint studies to investigate spont proteins as vaccine 
CS1dldatea and the rotes of antibodies against spores in IMlbltlon of germlnatton and 
growth. An addltlonal document was tom ano1her collabOrator and resulted In a joint 
publication between our laboratooea (23). 
Ave of the studies were focused on development of vaccines against anthrax claeese 
that are based on PA and LF and five were focused on 1n.11ttva'8nt vacdnes against two 
or more organism• conskiered to be high biolerroriam threat:B (S. anthracls, Yerslnla 
pefltts, Burlcholderla spp). Finally, the use of antibodies against PA and/or LF aa post· 
exposure prophylaxis was the subject of two studies. None of the studies identified In 
the BRO database overlap With the studies proposed here, except those outlined In 
proposals from my laboratory. 

RESULTS FROM NIH RePORT:· A total of 102 unique awards were identified in NIH 
RePORT using Bacillus AND (spores OR capsule OR germination 0~ dissemination 

collaborator& Include two to Dr. IMM __J two to Dr ___ ,,.,_ _and 
OR immunization) AND mouse, of which two were from my la~.:,;:• to ;r. 
we Wll l!I program project on which I Wl8 an Investigator (award to r . ._(b)_( _,...... 

11tW> lor these, e proposed the use of vartous spore ccat components aa vaccine 
antigens; however. they were focused on different apore antigens than those we 
propose to study. A search using BecHlus .,d mouse and germination resulted In 28 
awards, Including 1 from my labonlta:y, 1 from the M. lddle Atlantic Regional Center of 
Excellence f6>l61 _!and 2 from our collaborator Or. ~b><51 lot 
these, 11 were focused on various Yac:x:ine strategies using spores or spore 
componenta; again, none cik'edly overtap With our atudle1. A search of NIH RePORT 
for Bacillus and Immunization and mouse yielded 203 hits. Most tmmunizatlOn 
strategies are focused on PA and/or LF. Two focused on the use of capaute as a 
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vaccine candidate. Three others targeted protetns on the surface of the Baell/us spore 
coat, but the focus of those awards was different than our focus in Experiment 5 below. 

RESULTS FROM PUBMED: A search of the Pubmed database using Bacillus AND 
(spores OR capsule OR germination OR dissemination OR Immunization) AND mouse 
resulted in 318 relevant articles, of which 6 were published by our laboratory. Fifteen of 
these articles describe vaccination strategies using various antigens from the spore 
surface, but none directly overlap with the studies proposed here because we are using 
different antigens anctJor different immunization or chaHenge methods. An additional 75 
artlctes Include those that describe the use of Bacillus spores as vaccine platforms (21), 
the efficacy of vaccines against PA (26), multivalent vaccines that target multiple 
organisms (2), and vaccines that use other toxin components than PA as the primary 
lmmunogen (4 ). A total of 33 papers desatbe the development of therapeutics against 
B. anthracis infection; 11 discuss the use of post-exposure antibody administration, 12 
present poselbte antibiotic therapies, and 10 use alternate approaches. None of these 
papers demonstrates ttie utility of small molecule,lnhlbitors Of germination. A total of 92 
papers focus on the host response to B. anthracls Infection; 36 focus on macrophages, 
neutrophils or epithellal cells and 22 investigate the contributions of components of the 
lnflammasome. 

Ill. OBJECTIVE/ HYPOTHESIS: One way to Increase ttie llkellhood that individuals 
who are exposed to aerosolized B. anthracls spores remain disease free Is to prevent 
germination of the Infectious dormant spores Into active vegetative cells that can 
produce potentially lethal toxins. Our findings that rabbit antiserum against 8. anthracls 
spores or spore proteins dacreaaes spore genntnatton In vitro, taken wtth the fact that 
FtS can serve as a protective vaccine against anthrax In guinea pigs and mice, led us to 
the following hypothesis. Vaccine candidates that contain spore surface components 
will elicit antibodies that block or raduce spore gennlnatlon In vivo or render spores 
more susceptible to phagocytosis and ultfmately kllllng by macrophages. Based on this 
theory. our goal• are to characterize spore surface components as potential targets for 
incorporation into a second-generation PA-based vacctne and to Identify small 
molecules ttiat Inhibit germination In vivo for post-exposure prophylaxis. The specific 
alms are to: 
1. Assess the virulence of B. anthracls Sterne or B. c:ereus G9241 strains In which a 
particular virulence trait has been deleted; 
2. Administer B. cereus G9241 toxin components to assess their activity In vivo; 
3. Monitor the location end kinetics of germination. vegetative outgrowth, and 
dissemination of fluorescent derivatives of B. anthracls Sterne and B. cereus G9241 In 
the mouse with an In vivo Imaging system; 
4. Characterize the In vivo efficacy of smell molecules to inhibit germination of B. 
anthracls Sterne spores; and 
5. Immunize A/J mice with a sublethal dose of recombinant PA (rPA) followed by spore 
antigens alone or In combination and/or with exosporium protein preparations, then 
challenge with B. anthracis to assess the protective efficacy of the vacctne candidates. 

IV. MILITARY BELEYAHCE: The potential use of 8. anthracis as a weapon of 
blowarfare was brought to the forefront in the aftennath of the terrorist attacks of 
September 111\ 2001. From October to December 2001, a total of 22 cases of 
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confirmed or suspected bloterrorlsm-related anthrax occurred in the United States. 
Eleven Of these cases were inhalational (the moat lethal fonn of the infection) and 
resulted In the death of 6 Individuals. In llght of these events, the development of 
therapeutic agents against B. snthmcls Infection ls paramount for the protection of both 
deployed military personnel and cMtlans who may come into contad with sabotaged 
contaminated materials. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Proctclurn: 

1. Ihrae general tv.Rts gf expelimenfl wJll be conducted In the studies outlined jn UJls 
Protocol. 

A. Mice will be inoculated with B. snthracls or B. cereus spores or with purified toxin 
components by Intranasal (l.n.). lntratracheal (i.t.), subcutaneous (s.c.). or 
lntraperttoneal (l.p.) administration encl monitored for morbidity and mortality with death 
as an endpoint. The purpose of these studies Is to determine 1) if lsogenic mutant 
strains that la~ ~ _p~~J~ JrlN!'1l~flG19!.10t.Jltm~.fpty~.'ff.'61" ..... "' ... 
"""'pen._. LV u nt pat am aUl:llh, '1 « uie toxtns proauceo Dy f:S.. C818US G9241 exhibit 
slmllar activity in vivo as do their B. snthracls r.ounterparts, or 3) the In vivo location(s) 
of B. snthracls and S. c;e19us strains that fluoresce at a partla.ilar stage in growth 
(germination, vegetative outgrowth, dissemination). 

B. Mice will be vaccinated with fonnalln-lnactiVated spores (FIS). viable spores of an 
evirulent a. cereus strain, purified spore proteins (alone or In combinaUon), or crude 
exosporium protein preparations, then they wm be challenged with a lethal dose of B. 
anthracis Sterne, B. ce19us G9241, or fluorescent dertvatfves thereof. The purpose of 
these studies Is to further develop a potential second-generation vaccine strategy to 
prevent anthrax disease. 

C. Mice wlll be challenged with 8. snthracls sterne spores and treated one hour post
challenge with small molecules known to Inhibit gennination In vitro. The purpose of 
these studies is to determine whether the smell molecule(s) could be used es post
exposure prophylaxis to prevent germination and subsequent vegetative outgrowth In 
the host. 

2. For all of the mouse studies outlined In this D!Otocol. 6-8 week old female A/.J or 
C57BLJ8 mfce will be challenged by one of foyr routes (1.n .. i.t .. §.c .. 110.) with~ 
@nlhracfs steme soores. B. cet1us G9241 sggm. or purified toxin compooents (i,21 
onlVl. Moribund mice will be anesthetized by isoflyrane overdose and sacrificed bv 
cervical dlalocation. We define moribund as when the moua Is cmuched down or Mna 
In the bottom of the cage with little movement. even wben genUv Prodded. Other 
DODlpecHj,c slQns Ulat )Viii be us§SI lf8 ruffJe<:i fuL letharay. hunched posture. deqea&ed 
nlertoeu. night loss. and di!ticutt.v breathing. 

A. For l.n. inoculation, mice wm be anesthetized with inhaled isoflurane delivered via a 
Xenogen XGl-8 gas anesthesia system orwtth l.p. ketamine (100 mg/kg) and xylazlne 
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(10 mg/kg). Once anesthesia Is confirmed by non-response to toe pinch, mice will be 
Inoculated i.n. by manually pipetting 50 IJI spores In HzO onto the nares (25 JJl/per 
nostril). The mice will be held upright until the lnoculum Is Inhaled (-1 min), then 
returned to their cages to recover from the anesthesia. Mice wm remain In the 
laboratory tor one hour after Inoculation to pennlt careful monitoring of mice. The study 
endpoint will be either death (see section V.4.5) or euthanasia 14 days post-challenge. 
Obviously moribund animals will be euthanlzed using C"2: inhalation or lsofturane 
inhalation followed by cervical dislocation (see section V.4.6). 

B. For l.t. inoculation (conducted as desaibed In Brown et al. (4)), AIJ mice will be 
anesthetized by l.p. administration of ketamlne (100 mg/kg) and xylazine (10 mg/kg). 
Once anesthettz.ed (defined as no response to toe pinch), each mouse will be placed on 
Its back on a flat surface that can be elevated 7ff. Paper tape will be applied to each 
ann to gently adhere the arms to the flat surface. A hypodermic needle will be Inserted 
into the flat surface -5 cm from the top of the mouse's head. A rubber band will be 
looped over the needle and under the upper Incisors of the open mouth of the mouse to 
tllt the neck backward and to hold the mouth open. The ftat surface will be elevated to 
75° such that the mouse's nose will face upward. The t\W flexible fiber-optic arms of a 
halogen llght source will be placed on either side of the mouse's neck to provide 
transillumlnat1on of the trachea. The tongue will be held to one side of the mouth wtth 
forceps. A sterile 68.6 mm gel-loading pipette tip, which Is tapered for 25 mm to a 
narrow tip, will be attactied to a p .. 100 plpettor and the 50 iJI lnoculum will be aspirated 
fnto the tlp. The tip wlll be inserted Into the trachea and the inoculum will be delivered 
by gentle and constant depression of the pipettor plunger. The ttp will be removed from 
the mouse, the rubber band will be removed from the teeth, and the mouse will remain 
elevated for -1 min to allow the lnoculum to flow Into the lungs by gravity. The tape will 
then be removed from the arms and the mouse wtll be returned to its cage to recover 
from anesthesia. Mice will remain in the laboratory for one hour after Inoculation to 
pennlt careful monitoring of mice. The study endpoint wfll be either death (see section 
V.4.5) or euthanasia 14 days post-challenge. Obviously moribund anlmals wtll be 
euthanized using CC).z inhalation or isoflurane Inhalation followed by cervical dislocation 
(see section V.4.6). 

C. For s.c. inoculation, 100-200 JJI heat-activated Baell/us spores will be administered to 
each mouse behind the foreleg, between the scapulae, or at the base of the tall using a 
tuberculin syringe attached to a 26 gauge 0.5 inch needle. Mice will remain in the 
laboratory for one hour after Inoculation to permit careful monitoring of mice. The study 
endpoint will be either death (see section V.4.5) or euthanasia 14 days post-chaUenge. 
Obviously moribund animals will be euthanized using C~ inhalation or lsoflurane 
lnhalatlon followed by cervical dislocation (see section V.4.8). 

D. For l.p. Inoculation. 100-200 JJI heat.activated BaciHus spores or purtned toxin 
components will be administered to each mouse Into the peritoneal cavity through the 
ventral abdominal wall using a tuberculin syringe attached to a 26 gauge 0.5 Inch 
needle. Mice will remain in the laboratory for one hour after Inoculation to permit careful 
monitoring of mice. The study endpoint wlfl be either death (see section V.4.5) or 
euthanasia 14 days post-challenge. Obviously moribund animals will be euthanized 
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using COJ inhalation or isoflurane Inhalation followed by cervical dislocation (see 
section V.4.6). 

y.1.1. Alm1rnant of vlrulence of I. .,,,,,rac/s Sterne ind I. ctntU• G92f 1 and 
mutants· In these studies, we will address the contributions of several virulence factors 
to the pathogenesis of B. anth1BC/s Sterne and/or B. cereus G9241 disease. The 50% 
lethal doaes (LDeol for B. anthracls stema administered l.n. and s.c. to NJ mice are 6.3 
x 1 at and 1.6 x 10 , respectively and the LDms for B. cereus G9241 administered to AJJ 
mice via l.n. and s.c. routes are 3.2 x 105 spores and 1.3 x 103 spores, respectively (23). 
Further. we and others have previously demonstrated that the 8. cereus G9241 
megaplasmids that encode the capsule opemns and the toxin genes are required for 
virulence (23). We propose to investigate the virulence of B. enthracls Steme or 8. 
cemus G9241 mutants that do not produce certain capsules, toxins, spore proteins, or 
virulence regulators. We wlll test the virulence of these strains via s.c., i.t., and/or l.p. 
routes. 

V.1.1.1. Identification of LDs of B. snttuacis Sterne and B. ce11us G9241 clel!yered via 
i.t. or 1.0. routes. We flrst need to determine the LD5Q8 of B. anthracls steme and B. 
c:ereus G9241 after delivery by each route because we have not used these routes of 
Inoculation to any significant degree In the past. a. snthracis Steme or B. cereus 
G9241 spores wtll be administered ~a i.t. or i.p. routes as described above. The i.l 
experiment will be done twice with ear.h strain, with a wide range of doses used In the 
first experiment and a narrow range of doses used in the second experiment to more 
accurately pinpoint the LD50• A previous study with B. anthracls Ames showed that the 
LDao& for spores administered l.n. and l.t were 3.7 x 1 a4 and 8.7 x 102

, respectively 
(14), so we anticipate that the LDaoafor B. anthracls Sterne and 8. cel8us G9241 
spores delivered l.t will be lower than the i.n. LDso1 (6.3 x 1 a4 and 3.2 x 105 spores, 
respectively). In a preliminary l.p. study, we found that a dose of 103 spores was lethal 
to all mice. However, another group determined that the LDm for B. cereus G9241 
delivered l.p. was 3.8x1oZ spores (16). Thus, we wfll do one additional shldy with a 
narrON range of doses that should pennlt us to cala.llate the l.p. LDso for B. cereus 
G9241. 

lntratracheal experlment 1 
Group 1: 5 mice: 101 BacJJ/us spores in H20 
Group 2: 5 mice: 1 a2 Baell/us spores In H20 
Group 3: 5 mice: 103 Baell/us spores In H~ 
Group 4: 5 mice: 104 Bae/Hus spores in HzO 
Group 5: 5 mice: 105 Bacillus spores In H20 
Group 6: 5 mice: 106 Bacillus spores In Hz(J 
GrouD 7: 3 mice: HgO 

33A/J mice 

lntrstracheal experiment 2 
Remove two doses farthest from LDm and increase to 10 mice/group = 43 AJJ mice 

Total for lntratracheal experiments: (33 mice+ 43 mice) x 2 blctarlal strains• 
152A/J mice 

USUHS Fann 3208 - Revlled O«*lber 2008 
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lntraperltoneal experiment 1 for B. anthrac/s Sterne 
Group 1: 5 mice: 1o1 Bae/If us spores In Hz() 
Group 2: 5 mice: 1 rfl Bae/flus spores in HzO 
Group 3: 5 mice: 103 Bs.cHlus spores In HiO 
Group 4: 5 mice: 1 er' Bacillus spores in HJO 
Group 5: 5 mice: 1 ff' Bacillus spores in H20 
Group 6: 3 mice: HaO 

28A/J mica 

/ntraperltoneal experiment 2 for B. sa.thr.Js;J.s steme 
Remove two doses farthest from LDso and Increase to 1 O mice/group • 33 AJJ mice 

lntraperltoneal experiment for~· rareu1 G9241 
Group 1: 10mlce: 101 8. ce19ussporesln H20 
Group 2: 1 O mice: 1 a2 B. ce19us spores in HzO 
Group 3: 1 O mice: 103 s. cereus spores In H:iO 
Group 4: 10 mice: 1 rt B. cereus spores in H20 
Group 7; 3 mice: Ha,O 

43mlce 

Total for fntraperltoneal experiments • 28 + 33 + 43 = 104 AJJ mice 

Total mice tor v.1.1.1 = 152 + 104 • 258 AJJ mice 

V1j, 1.2. Identification of LDa gf Et snfblBCfs s.teme Q[ 8. G'81!UB G924j mutants 
delivered vii s1sc. and i.t/110. mY1U1 We will assess the OO".ltrfbutlon of several 
virulence factors to the pathogenesis of B. anthracls Stems or B. cereus G9241 
disease. These experiments ere designed slmilarty to the LDao analyses in V.1.1.1 
above, except that a positive control group of mice that ere infected with 1 OxLDGO of 
the parent strain (S. anthracls Steme or B. ce1&us G9241) will be included for 
comparison purposes. Inasmuch as possible, more than one mutant strain wlll be 
tested in a given experiment so that negative (H20) and positive (10xlD50 of the 
parent strain) control groups can be shared. The L050 for each mutant strain will be 
determined as above with two experiments. 

lntratracheaVJntranasal experlment 1 for Baell/us mutants 
Group 1: 5 mice: 101 Bacillus mutant spores in H20 
Group 2: 5 mice: 1 a2 Baell/us mutant spores in H20 
Group 3: 5 mice: 1 a3 Baell/us mutant spores In H20 
Group 4: 5 mice: 104 Bacillus mutant spores In H20 
Group 5: 5 mice: 1 ff Baa1/us mutant spores in H20 
Group 6: 5 mice: 108 Bacillus mutant spores in HaO 
Group 7: 5 mice: 10xLDao Bac/Hus parent strain spores In HzO 
GroyD 8: 3 miee: HaP 

38A/J mice 
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lntratracheaVlntranssa/experlrnent2 
Remove two doses farthest from LDeo and Increase to 1 o mice/group for mutant 
strains only = 48 AJJ mice 

Total for lntratracheal experiments: (38 mice + 48 mice) x 20 mutant strains • 
1720 A/J mice 

Subcutaneous experiment 1 for BacH/us mutants 
Group 1: 5 mice: 1o"- Bacillus mutant spores In H20 
Group 2: 5 mice: 103 Bsclllus mutant spores in H20 
Group 3: 5 mice: 1a4 Baell/us mutant spores In H20 
Group 4: 5 mice: 109 Bacillus mutant spores In HzO 
Group 5: 5 mice: 101 Bscll/us mutant spores In HzO 
Group 6: 5 mice: 107 Bacillus mutant spores In H20 
Group 7: 5 mice: 10xLD50 Bacillus parent strain spores In H10 
Group 8; ~ !Diet: t:lzQ 

38A/J mice 

Subcutaneous experiment 2 
Remove two doses farthest from LD50 and increase to 10 mice/group for mutant 
strains only = 48 A/J mice 

Total for aubc:utanaoua experiments: (38 mice + 48 mice) x 20 mutant strain• • 
1720 AJJ mice 

Iota! mica forV.1.1.2=1720 + 1120 • 34:90 NJ mlct 

loll/ m/91forti1.1 • 256 + HfONJ mice= 3fQ NJ mla 

y.1.2. ExRlrlm•nt 2; Petennlnat1on of toxicity of putatlye 8. Cfl'l&I! G9241 lethal 
tgln fLD. ed!m• toxin (Ell. and C1rt1Jr:g. The purpoae of these studies is to 
investigate the potential for each of these toxins to contribute to B. cereus G9241 
disease. As mentioned In the Background, LT Is composed of PA + LF and ET is 
composed of PA + EF. The activity of these toxins tn B. anthracls has been 
characterized; in these studies. \Ve propose to confinn that the 8. cereus G9241 toxins 
exhibit the same In vivo activities as their B. anthracls homologs. Additionally, Certhrax 
is a B. cereus G9241-speciflc toxin that contains a PA binding domain and a functional 
ADP-ribosyltranaferase domain; however, we do not yet know if PA Is requked for 
Certhrax activity In vffto or In vivo. Prior to initiation of LC50 studies In mice, we will 
conflnn that each toxin Is functional in in vitro systems. 

The LD50 studkis will be conducted in C57BU6J mice according to established models 
of LT and ET toxicity. Female C57BL/6J mice will be Injected l.p. with PA+ LF (1:1 
ratio) or with PA+ EF (1:1 ratio) in sterile saline as described In V.1, section 20 above. 
Previous studies by other groups have shown that C57BU6 mice Inoculated i.p. with 
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100 J,lg PA +100 µg LF from B. anthracis typically die within 3 days after injection (13) 
and those Inoculated i. v. with 25 ~g PA + 25 I-IQ EF from B. anthrac/s also die within 3 
days after injection (12). Mice will be weighed daily to detennine If a correlation 
between weight loss and eventual death exists. Mice wiN be carefully monitored as 
described in V.4.5 and euthanlzed as in V.4.6 If they are extremely moribund. 

The published lethal doses for the 8. snthracls toxins and the relative In vitro toxicities 
of the B. cereus G9241 toxins compared to the B. anthrac/s toxins will guide the dosing 
strategy for the first L050 study for each 8. cemus G9241 toxin. 

Lethal Toxin Experiment 1 
Groups 1-7 will be lntoxJcated wtth doses of the B, PJ!!!llf G9241 toxin components 

that correspond with the published LD50S for each B. anttrracls toxin (I.e. for 
Group 1, mies will be intoxicated with doses of the B. cereus G9241 PA and LF 
that correspond to 20 WIOS of the B. anthr&cls toxin components) 

Group 8 wlll be intoxicated with B. antbtaals Sterne toxin components (control) 

Group 1: 5 mice: 20xl050 B. enthracis PA + 20xL080 B. anthracis LF 
Group 2: 5 mice: 1 OxLD50 B. snthracls PA + 1 OXLDao B. snthracis LF 
Group 3: 5 mice: 5xl060 B. anthracls PA + 5xl050 B. anlhtaCls LF 
Group 4: 5 mica: 1xl050 B. snthracis PA+ 1xLDao B. snthracls LF 
Group 5: 5 mice: 0.5xl090 8. anthracls PA + 0.5>clD50 B. anthracls LF 
Group 6: 5 mice: 1 OxLDao B. anthrecls PA 
Group 7: 5 mice: 1 OxLD60 B. anthracis LF 
Group 8: 5 mice: 1 OXLDs s. anthrac/s PA + 1 OxLQm B. anthrscls LF 

40 C578U8J mice 

Lethal Toxin Experiment 2 
Groups 1·5 will be intoxicated with B. C§/8US G9241 toxin components 
Group 6 will be Intoxicated with B, snthm,cls Stems toxin components (control) 

Group 1: 5 mice: 20XLDso B. e&reus PA + 20XLDso 8. C819US LF 
Group 2: 5 mice: 10xLD50 B. cereus PA+ 10xl050 B. cereus LF 
Group 3: 5 mice: 5xl050 8. cereus PA + 5xLDso B. cereus LF 
Group 4: 5 mice: 1xLD50 8. cereus PA+ 1JCLD50 B. cereus LF 
Group 5: 5 mice: 0.5xLDao B. cereus PA + 0.5xLOso S. cel8us LF 
Group§: 5 mice: 1QxLDs B. anthracls PA+ 1QxL.D1i 8. anthracls LE 

30 C57BU8J mice 

Total for Lethal Toxin experiments: 40 mice + 30 mica = 70 C57BU8J mica 

Edema Toxin Experiment 1 
Groups 1-7 wr11 be Intoxicated with doses of the B. c;ereus G9241 toxin components 

that correspond with the published LDtJOS for each B. anfbf!9fs toxin (I.e. for 
Group 1, mice wfll be Intoxicated with doses of the B. cereus G9241 PA and EF 
that correspond to 20 LDtJOS of the B. antbcacj§ toxin components) 

Group 8 wlll be Intoxicated with B. snthracls Sterne toxin components (control) 
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Group 1: 5 mice: 20xLDso 8. anthracis PA + 20xLDBO B. anthrac/s EF 
Group 2: 5 mice: 10xl050 a anthrac/s PA+ 10xL050 B. anthracls EF 
Group 3: 5 mice: 5xLD50 S. anthracis PA+ Sxl..050 B. anthracls EF 
Group 4: 5 mice: 1xLDeo B. anthracls PA+ 1xLD50 B. anthracis EF 
Group 5: 5 mice: 0.5xLDm 8. anthracis PA + O.SxLDeo 8. anthracis EF 
Group 6: 5 mice: 1 OxLD50 a. anthrac/s PA 
Group 7: 5 mice: 10XLDeo S. anthracls EF 
Q[Oyp 8: 5 mice: 1 PxLQs @. anthrac/s eA + 1 OxLD11 S. anihrac/s EE 

40 C57BU8J mice 

Edema Toxin Experiment 2 
Group$ 1-5 will be Intoxicated with a ceceus G9241 toxin components 
Group 6 will be Intoxicated with 8. anthrag/J Sterne toxin components {control} 

Group 1: 5 mice: 20xLDso B. cereus PA + 20XLDso 8. cereus EF 
Group 2: 5 mice: 1 OxLDeo 8. cel8us PA + 10xl090 8. cereus EF 
Group 3: 5 mice: 5xLDeo 8. cereus PA+ SxLDeo S. cereus EF 
Group 4: 5 mice: 1xLD90 8. cereus PA + 1xLD&0 8. cereus EF 
Group 5: 5 mice: 0.5xLDeo 8. cereus PA+ 0.5xLDeo B. cereus EF 
Group 6: 5 mice: 10xLDrm S. anthrac/s PA+ 10xLD6 B. anthrecls EE 

30 C57BU6J mice 

Total for Edema Toxin experiments: 40 mica + 30 mice = 70 C57BU8J mice 

C&rthrax Experiment 1 

Group 1: 5 mice: 500 .,ig PA+ 500 µg Certhrax 
Group 2: 5 mice: 100 µg PA+ 100 iJ9 Certhrax 
Group 3: 5 mice: 50 µg PA + 50 µg Certhrax 
Group 4: 5 mice: 5 J.IQ PA + 5 µg Certhrax 
Group 5: 5 mice: 1 J.IQ PA + 1 J.1Q Certhrax 
Group 6: 5 mice: 100 J.19 PA 
Group 7: 5 mice: 100 ug Certbr;g 

35 C57BUIJ mice 

Certhrax Experiment 2 

Group 1: 5 mice: 20xLD1t1 B. cereus PA + 20XLD!IO Certhrax 
Group 2: 5 mice: 1 OxLD!IO a cereus PA + 10xl050 Certhrax 
Group 3: 5 mice: 5xLDm B. C818US PA+ 5xL050 Certhrax 
Group 4: 5 mice: 1xl.Dso B. C818US PA+ 1xl090 Certhrax 
Group 5: 5 mice: O.SxL050 8. cemus PA+ 0.5xL050 Certhrax 
Group 6: 5 mice: 10xLDso PA 
Group 7: 5 mjce: 1 OxLD:;g Certhrax 

35 C57BU6J mice 

Total for Carthrax experiment&: 35 mice + 35 mice • 70 C57BU6J mica 

U8UHS Form 3208-~ Oc:10ber 2008 
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ToWJ mfct toe V.1.2 • Zfl + Zfl + ll mice • 21Q CSTBUfJ mice 

y.1.1. Experlm•nt 3: In vivo lmaalna of & fDf!Jrm:I• Starn• a1an101t1on. 
gylgrpwtb. and dlHamlDltlon. Our previous in vivo Imaging studies used B. 
anthracls Sterne derivatives that produced a luminescent signal when spores 
germinated or grew vegetatively In response to host signals (19). The lumlnescent 
slgnel was sufficient to provide Information about the general location In vivo of a large 
bolus of spores or vegetative bacilli, but we were unable to visuallze the less intense 
signal In vivo; Instead, we used ex vivo imaging of organs post-necropsy at specific Ume 
points post-inoculation. To more accurately study the stages of Bacillus growth and the 
locations wtthln the host In which these events occur, we wlll use a new In vivo Imaging 
system that we recently purchaaed. 

The Carestream Multlapectral FX Pro has a larger dynamic range and a higher 
signal:nolse ratio for fluorescence; In addition, it hes x-ray capability that pennlts more 
accurate signal localization. Construction of fluorescent S. anthracis Sterne reporter 
strains that contain one of the Red Fluorescent Proteins (RFPs) mKate2, E2..Crimson, 
and FP650 la underway. These reporters wiU be controlled by gennlnatiori, vegetative 
growth, or sporulation promoters and will be expressed eplsomally. In addition. we plan 
to label S. anthracJs Stema.RFP spores with an AlexaFluor label, which will allow us to 
monitor deposition and uptake of spores in the airway In a manner that does not require 
bacterial transcription, which Is required for expression of RFP. The chotce of Alexa
Fluor label and RFPs allow for simultaneous measurement of multiple fluorophores at 
once with the Multlspedral unmbdng functionality of our In vivo imaging system. 

V.j .3.1 I Virulence asseument of B. antbrac/S StemR-BFP IDJllns. Our ear1ier studies 
showed that the LDao for B. anthracls Steme...sspB::lux spores administered s.c. to AJJ 
mice is higher than that of the wild-type B. anthracis Steme spores ( 1.5x10'4 CFU vs. 
2.3x1 o' CFU, respectively). Similarly, the LD50 for the a snthracls Steme-sspB::lux 
administered l.n. to AJJ mica Is 1 .4x108 CFU, while the LD!O for wHd-type B. anthracls 
Sterne Is 6.7x1<t CFU. Since fluorescence ts more intense than luminescence, 
complete deposition of the spom into the lungs Is critical when mimicking inhalational 
anthrax. In previous studies, we found that l.n. Inoculation under lsoflurane anesthesia 
can lead to deposition of the spores Into both the airways and the gastrolntestinal trac.1. 
For this reason we will Inoculate mice via the l.t. route to ensure that spores are 
deposited directly Into the airway. In order to use the B. anthracJs Steme-RFP 
constructs to monitor the different stages.of infection, we first need to establish the LDso 
for these strains when delivered s.c. or l.t As mentioned above, we wiH test the s.c. and 
l.t. virulence of three different 8. snthrecls steme-RFP constructs (mKate2, E2~ 
Crtmaon, FP650) that are expressed by promoters that are active durtng gennlnation, 
vegetative outgrowth, or sporuletlon. 
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Subcutaneous Inoculation Experiment 1 
Group 1 : 5 mice: H20 or sterile saline 
Group 2: 10 mice: 103 B. snthrscls Steme-RFP spores 
Group 3: 1 O mice: 1 o• B. snthracis Steme-RFP spores 
Group 4: 10 mice: 1o' B. snthrscls Steme-RFP spores 
Group 5: 1 O mice: 1 o' B. snthracls steme-RFP spores 
Group 6: 1 O mice: 107 8. snthrscis Steme-RFP spores 
Group 7: 10 mice: Hi' B. anthracls Steme-RFP spores 
Groyp 8: 10 mice: 1 OXLDag s. anthracis §l&mt SDOrt§ 

75A/J mice 

Subcutsneousexperlment2 
Remove two doses farthest from LDao = 55 A/J mice 

Total for a.c. expartmenta = (75 + 55) x 3 RFP atralna • 390 A/J mice 

lntratracheal Inoculation Experiment 1 
Group 1 : 5 mice: H20 or sterile saline 
Group 2: 10 mice: 10'4 B. anthmcls steme-RFP spores 
Group 3: 10 mice: 105 B. snthracis sterne-RFP spores 
Group 4: 10 mice: 1a8 B. snthracls Steme-RFP spores 
Group 5: 1 O mice: 107 B. anthracls Steme-RFP spores 
Group 6: 10 mice: 109 B. anthracis Steme-RFP spores 
Group Z: 10 mice: 1 OXLDm B. antfzraeis St&me soores 

65A/J mice 

tntratracheet experiment 2 
Remove two doses farthest from l0&0 = 45 A/J mice 

Total for l.t. experiments = (85 + 45) x 3 RFP strain• = 330 A/J mice 

Total mice tor V.1.3.1 = 390 + 330 • 720 AIJ mist 

V1 ,a.2. Assessment of Qtl!PfitlQD. uf:Mke and dl§!!mln@lon using AJ1xa Flyor-labe!ed 
lb!! or dead IJlQreS. We wlll label 8. anthlllCls steme-RFP spores with an Alexa-Fluor 
(AF) conjugate, a fluorescent molecule that emits fluorescence when the spore Is Intact 
(before germination occurs), so that we can monitor deposition and uptake wtth the In 
vivo Imaging system. We will monitor germination, outgrowth, dissemination, and 
sporulation through detection of the RFP signal (different excitation and emission 
wavelengths than the AF). Thus, we wHI be able to observe each step of Inhalations! 8. 
anthracls disease. In addition, mice will be inoculated with non-viable spores to observe 
deposition and uptake of spores by host cells In the absence of germination and to 
determine the length of time that spores can persist In the airway. Epidemiological data 
from the human anthrax outbreak In Sverdlovsk, USSR in 1979 suggest that viable 
spores can persist in the airway for up to 45 days after exposure (15). 

Female AJJ mice will be inoculated i.t or s.c. (described In V.1, sections 28 and 2C) 
with 1 OXL050 AF-labeled B. anthrscls Steme-RFP spores (determined in V1 .3.1) in H2'). 
N. 0.5, 1, 6, 12, 24, 48, 72 hrs, and 2 weeks post-Inoculation, 5 mice will be 

USUHS Form 32118 - RINlaed OclDber 2008 
~ wnlonl .. oblolelit 
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anesthetized with lsoflurana and placed on a heated platform wtthin the Imaging box of 
the Carestream Multispectral FX Pro for imaging( ... 5 mfn). After whole animal Imaging, 
each mouse will be sacrificed by isoflurane overdose and the body cavity wlll be opened 
and the organs exposed for ex vivo Imaging, then the organs will be harvested and 
homogenized for enumeration of spores and vegetative bacilli. This experiment wm be 
done twk::e with each of the three AF-8. anthracls Steme-RFP strains. 

V.1.3.2.1: Dissemination of Alexa Fluor-labeled B. anthrac/s steme-RFP spores 
after I. t. inoculstlon 

Group 1: 5 mice sacrfftced at 0.5 hr: 1 OxLDs> AF-B. snthracis Steme-RFP spores 
Group 2: 5 mk:e sacrificed at 1 hr. 1 Oxi.050 AF-B. anthracis Steme-RFP spores 
Group 3: 5 mice sacrificed at 6 hrs: 1 OxLDso AF-B. anthrac/s Steme-RFP spores 
Group 4: 5 mice sacrfflced at 12 hrs: 10XL050 AF-B. anthrac/s Stam&-RFP spores 
Group 5: 5 mice secrtftced at 24 hrs: 1 OxL050 AF·B. anthracls Stem&-RFP spores 
Group 6: 5 mice sacrificed at 48 hrs: 1 OxL050 AF-S. snthrac/s Steme-RFP spores 
Group 7: 5 mice sacrificed et 72 hrs; 10xLDeo AF-B. snthracis Steme-RFP spores 
Group 8; 5 mice sacrificed at 14 davs: 1 OxLDag Af-8. anthracls steme-RFP spores 

40 mice x 3 s. anthrecl• strains x 2 lteratlona • 240 A/J mice 

V.1.3.2.2: Dissemination of Alexa Fluor-labeled B. sntbracts Steme-RFP spores 
after s.c. lnoculstlon 

Group 1: 5 mice sacrificed at 0.5 hr: 1 OxLD60 AF·B. snthracls Steme-RFP spores 
Group 2: 5 mice sacrlftced at 1hr:10xLD50 AF-8. snthracls Stem&-RFP spores 
Group 3: 5 mice sacriflced at 6 hrs: 1 Oxl..050 AF-B. anthracis Steme-RFP spores 
Group 4: 5 mice saaiflced at 12 hrs: 10xLD50 AF-B. anthrac/s Steme-RFP spores 
Group 5: 5 mice sacrificed at 24 hrs: 1 OxLD50 AF-B. anthracis Steme-RFP spores 
Group 6: 5 mice sacrificed at 48 hrs: 1 OxLDao AF-B. anthrsc/s Steme-RFP spores 
Group 7: 5 mice sacriflcecl at 72 hrs: 1 OxLDso AF-8. anthracis Steme-RFP spores 
~ml.Iii! §: 5 mg HC!lflced at 14 days: 1 OxbDm AF-8. anthrscls St@mt::Bfr scores 

40 mice x 3 S. anthracls strains x 2 rteratlons m 240 A/J mice 

V1 .3.2.3. Persistence of AF-B. aathc§cis spores In the sitWay. We will investJgate 
the number of days that non-viab'8 AF-8. anthracls Sterne spores persist In the 
airways by dally Imaging of mice Inoculated with these spores. We predict that the 
spores will remain fluorescent until they are cleared by the mou~. The AF-8. 
anthracfs Sterne spores will be inactivated by ultraviolet irradiation or fixation in 10% 
formalin for one week. Loss of viability will be confirmed by bacteria! enumeration 
on ager plates. AJJ mice will be Inoculated l.l with non-viable AF-B. snthracls 
Sterne spores and monitored by whole body in vivo and organ ex vivo Imaging as 
desalbed in V.1.3.2.1. 
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Group 1: 5 mice sacrificed at 0.5 hr: 107 AF-8. anthracis Steme spores 
Group 2: 5 mice sacrificed at 2 days: 107 AF-S. anthracis Sterne spores 
Group 3: 5 mice sacrificed et 4 days: 107 AF-S. anthracls Sterne spores 
Group 4: 5 mjce sacrificed at 7 days: 107 AF-8. anthracis Sterne spores 
Group 5: 5 mice sacrificed at 14 days: 107 AF-8. anthracls Sterne spores 
Group 6: 5 mice sacrificed at 21 days: 107 AF-8. anthracls Steme spores 
Group 7: 5 mice sacrificed at 28 days: 107 AF-S. anthracts Sterne spores 
Group 8: 5 mice sacrificed at 35 days: 107 AF-B. anthracls Steme spores 
Group 9: 5 mice sacrificed at 42 days: 107 AF·B. anthracls Sterne spores 
Group 1 O: 5 mice saa'lftced at 49 days: 107 AF-8. anthracls Sterne spores 
Groyc 11 5 mjce sacrificed at 5§ davs: 107 AF-8. anthracfs Sterne spores 

55 mice x 2 ltwatlona i:a 110 AIJ mice 

Total mica rory.1.a.2•210+249+110 • 510 NJ mica 

Tofil miff fO( JG 1.3 • 720 + 580 a 1310 CfTBIA/. mfct 

V.1A. Exptdmtnt 4. Charactartzatlon of tlftcacv of small mgtecult lnhlbltort of 
aermlndon. Small molecules that prevent both B. anthracis spore genninatlon end 
macrophage kllllng wlll be tested in A/J mice for 1he capacity to prevent disease 
progression and death of animals challenged l.t. or s.c. with otherwise lethal doses of B. 
snthracls steme spores. Additionally, the capactty of selected compounds to block. 
reduce the extent. or delay spore germination In vivo will be evaluated l.t. or s.c. 
Jnoc:ulatJon wtth B. anthracis Steme-RFP and tntatment with the compound of Interest 

V.1.4.1. Assessment ot efficacv of 6:Th!oauanjne f6-TGl In preyentjoa antbrax disuse. 
The small molecule 6-TG has been shown to Inhibit spore germination In vitro (1 ). The 
studies described here are designed to 1) test the efficacy of 6-TG In prevention of 
spore germination and/or anthrax disease /n vivo, and 2) act as a pilot study that allows 
us to investigate routes of Inoculation with inhibitor and spores as well as the timing of 
Inhibitor administration In preparation for the studies outlined in V.1.4.2 below. These 
kinetics studies should allow us to focus future studies involving additional Inhibitors so 
that we use fewer mice. 

V. 1. 4. 1. 1. Pilot study to Identify a safe dose of 6-TG to use for subsequent 
experiments. The LDl50 of 6-TG in mice is 50 mg/kg (2). In a very small pilot study 
approved under MIC-06-148, we Injected NJ mice s.c. with 5 !Jg/kg of 6: TG and 
challenged with B. snthracls Steme-lux spores. This dose was chosen because It 
inhibited spore germination following uptake by macrophages In vitro. We 
determined that this dose did not cause harm to the mice in the absence of spores, 
but, In a very small group of mice (n=3), It did not protect the mice from mortality. As 
such, we now propose a pilot dose study to Identify a higher dose of 6-TG that is not 
toxic to the mice. To identify a safe dose of 6-TG for use in subsequent studies, 5 
AJJ mice per group with be injected s.c. with 0.1 ml of 6-TG In !:5% DMSO as In 
V.1.2.C. The study endpoint for this experiment wUI be either a moribund state (see 
section V4.5) or euthanasia approximately 1 week postMlnJection. Thus, It Is not an 
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LDl50 study, so we wtll not use death as an endpoint. This experiment will be done 
once. 

Group 1: 5 mice: ,:!5% DMSO 
Group 2: 5 mice: 5 µg/kg 6-TG in ,55% DMSO 
Group 3: 5 mice: 50 1Jg/kg6-TG in §% DMSO 
Group 4: 5 mice: 500 IJg/k.g 6-TG In§% DMSO 
Group 5: 5 mice: 5 mglkg 8-TG ID :§% DMSO 

25A/Jmlce 

V.1.4.1.2. Assessment of efficacy of 6-TG treatment for Inhibition of germination. 
Mice will be treated s.c. or l.n./i.t. with 6-TG In !5% DMSO 1 hr prior to, concurrent 
with, or 1 hr after inoculation with 1 Ox LOl50 8. anthrac/$ Steme spores (see Table 
1.4.1 below for a desa1ptlon of each treatment condition and Section V.1.2 for 
desatption of the inoculstton methods). Fors.c. delivery of 6-TG, the 6-TG will be 
dlluted In sterlle ~5% DMSO in sterlle saline and 0.1 ml of the dose Identified In 
V1 .4.1.1 wlll be delivered B.c. wtth a 26 gauge, 0.5 Inch needle attached to a 
tuberculin syringe 9 V.1, section 2C). For i.n. delivery of 6-TG, mice will be 
anesthetized by isoflurane inhalation and 0.05 ml of the dose Identified In V1 .4.1.1 of 
6-TG wlll be delivered l.n. using a pipet ttp attached to a pipette Co/.1.2.A). For mice 
that are inoculated into the airway with s. anthracls Sterne spores and 6--TG 
concurrently, the 6-TG will be administered l.t. with the spores as In V.1.2.B. Mice 
will be Imaged twice daHy with the Carestream In vivo Imaging system, and they will 
be monitored for morbidity and mortafity for 2 weeks. In addmon. mice will be 
weighed daily to detennine if a correlation between weight loss and eventual death 
exists. Mice will be euthanlzed by isofturane overdose followed by cervical 
dislocation to tenninate the experiment. 

Table 1.4.1. Groups of A/J mica to be challenged with germination 
Inhibitor 6-TG 

Number Time of Inhibitor Inhibitor Challenge of mice deliverv 
10 6-TG Water 
10 1 hr pre-challenge 6-TG B. anthracls Steme-RFP scores 
10 <5%DMSO B. anthracis Steme-RFP scores 
10 Simultaneous 6--TG Water 
10 6-TG B. anthracls Steme-RFP scores 
10 

with challenge 
<5%DMSO B. anthracls Steme-RFP scores 

10 1 hr post-
&-TG = Water 

10 6--TG B. anthracls Stem&-RFP snores 
10 challenge <5%DMSO B. snthracls Steme-RFP scores 
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V. 1.4. 1.2a: Subcutaneous delivery of Inhibitor and chsNenge with B. anth(§ls 
Steme-RFP spores 

1 O mice/group x 9 groupa x 2 Iterations: 180 mica 

V. 1.4. 1.2a: Intranasal de/Ivery of Inhibitor and challenge with B. anlhracts Steme
RFP spores 

10 mice/group x 9 groups x 2Handlons:180 mice 

Total number of mice tor v,1 A.1; 25 + 180 + 180 • 385 mice 

V.1.4.2. Asses&ment of efficacy of addltional small molecule Inhibitors In preyenlJszn Qf 
spore germination and/or anthrax dlseflB. The small molecule Inhibitors of gennlnation 
to be screened In this group of experiments wfll be identified for in vivo analysis as a 
result of In vitro screening of libraries of small molecule Inhibitors. Each compound In 
the small molecule libraries wffl be screened In vitro for the ability to Inhibit gennination 
of B. anthracls Sterne in culture as well as in tissue culture. Up to 10 of the most 
effective germination lnhlbttors In vitro wlll be screened for efficacy In vivo as described 
below. The Identity and composition of each molecule are known. As potenUal 
gennlnation Inhibitors are Identified, we will conctud literature searches to Identify 
studies in which the molecule has been used In mice to guide our further . 
experimentation. If the results obtained with 6-TG (V1 .4.1} give a clear Idea of the moet 
effective experlmentaf conditions under which Inhibitory effects can be seen, we wtll limn 
our screening experiments to those parameters. However, It may be necessary to 
saeen Inhibitors by all of the following experimental parameters: 1.) s.c. administration 
before inoculation, Ii.) simultaneous s.c. administration. iii.) i.n. administration before 
tnoculatton and Iv.) simultaneous i.t. administration. A minor modification will be made 
to this protocol to describe the identity, potential toxicity, proposed solvent, route(s) of 
administration, and dose (or range of doses, see V1 .4.2.1 below) of each compound 
prior to commencing In vivo studies. 

V. 1.4. 2. 1. Piiot study to identify s safe dose of each small molecule Inhibitor to use 
for subsequent experiments. The purpose of this experiment Is to Identify the safest 
dose of each small molewte that can be given to the mouse without causing 
apparent morbidity. Thus, It Is not an LD60 study, so we will not use death as an 
endpoint We will use the outcome of the pilot study In V.1.4.1.1 above and a 
thorough search of the literature about each compound to guide the pilot dosing 
study for each new compound to be tested. To Identify a safe dose of each small 
molecule Inhibitor for use In subsequent studies, 5 AJJ mice per group with be 
Injected s.c. with 0.1 ml of 1 of 4 different doses of Inhibitor In solvent or solvent 
alone using a 0.5 inch, 26 gauge needle. The study endpoint tor this experiment will 
be either a moribund state (see section V4.5) or euthanasia approximately 1 week 
post-injection. Mice exhibiting symptoms of toxicity, Including ruffled fur. lethargy, 
decreased activtty, or unresponsiveness to external stimuli will be euthanized by 
lsofturane overdose followed by cervical dislocation (see section V.4.1.4. ). Note: 
when possible, the safety of multiple inhibitors will be tested simultaneously (in 
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different mice) so that a single group of control anlmals (solvent Injection only) can 
be used so as to reduce the number of mice needed. 

Group 1 : 5 mice: solvent 
Groups 2-5: 5 mice each: 10-fold dilutions of molecule In solvent 

5 mice/group x 5 grouptllnhlbltor x 10 Inhibitors • 250 AJJ mice 

V1 .4.2.2 Assessment of efficacy of small molecule Inhibitors In prevention of spore 
germination and/or anthrax disease. All procedures In V.1.4.2.2. will be conducted as 
above for V.1.4.2.1. 

T•ble 1.4.2.2A. Groupe of mice to be chaHenged with emall molecule tnhlbttora of 
aa1 inlnatlon. 

Stage Control or Number of Number of Challsnge Total 
exoeriment mice Inhibitors mlo& 

5/inhfbltor 5 Water 25 
First screen Control 10 total Solvent B. anthracls Sterne- 10 

of 5 Inhibitors RFP SDOIU 

Experiment 1 Ollnhibltor 5 B. anthraois Sterne- 50 RFPanores 
85 

Sllnhlbitor 5 Water 25 
Second Control 

10total Solvent B. anthracls Sterne- 10 acreen of 5 RFP 8001'98 
Inhibitors Experiment 10/inhibltor 5 B. anthracls Sterne- 50 RFP snores 

85 
5/lnhibltor 2 Water 10 

Confirmation Control 10 total Solvent 8. anthracls steme- 10 
of2best RFPsaores 
Inhibitors Experiment 1 O/inhlbltor 2 s. anthracls Stame- 20 RFPsoores 

40 

Each inhibitor will be tested under 4 conditions: 
Experiment 4.2a: i.n. administration of inhibitor 1 hr pr&dlallenge 
Experiment 4.2b: l.t. administration of inhibitor simultaneous with challenge 
Experiment 4.2c: s.c. administration of inhibitor 1 hr pre-challenge 
Experiment 4.2d: s.c. administration of Inhibitor simultarieous wtth challenge 
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r of mlc:e for rlrn•nt 1.4.2.2 
Nufl1Hr Tote/ number 
of mice ~ mlf» 

up to 10 
candidate 

lnhlblDr1 (5 
per 
rtment 

a,.nd total number or mice 

Totll number of mice for y.1,4,2 • 250 + 840 • 1090 mg 

Tofil Runzbtr of m/ct (pc ~1.4 • 3B5 + topo • 1475 NJ m/ct 

170 

170 

170 

170 

40 

llO 
200 Pllln C 
480 Pain E 

180 
40PatnC 
120 Pain E 

MG 
240 Pein C 
800 Pain I! 

V.1.S. !imdmtnt 5. Charactallrdon of yacdot cardde!ee to prottct !pllntt a 
IO#ulclt dll•••· In our prtor animal pratocote, we a11&1Md the lmmunogenlcfty of 
Intact a cereus G9241 spores and 8. snth1&cis stame exosportln proteins, ea well as 
the protecttva .rTlcacy of antibodiea against theae aoaporlum component. In mouse 
model& af a.c. and l.n. anthrax disease. Our previous immunization studias and our 
proposed studies comprtse a alngle lmmuntzatlon with a suboptimal doaa of of the toxin 
component PA expressed recombinanUy (rPA), followed by immunization with 1he 
antigen or antigens under investigation (3. 6). We previouaty demonmted that a 
eublathal doee of rPA enhanoea the protecdve amoecy of vaocii.e compriaed of epore 
proteins (3, 6). In the proposed studies, we wlll lmm.mlze AJJ mice with rPA folOW9d by 
rBclA. glyoosylatad BcJA (Gty.&IA), BxpA. ExsE, and/or p2138. BdA Js a glyeopmteln 
of the exoeportum that wtll be used as a control In theae studies aa 1(6)16> 8t al 
prevlouely demonstrated that Immunization with r8clA (not glyco1ylated) In conjunction 
with rPA provld&& protection against murlne anthrax dl8Mle (3). We wlll aleo lB8t the 
protection afforded by immunization with the native glyeosy\ated form of BclA. Gly-BdA. 
After lmmuntzatlon, mice wlU be Challenged subcutaneously With 8. antlltacls Steme 
spore9. 

y.1.5.1. lllllJIJDlzltlon of NJ Ind BALB/C mice with fgnna!Ejnacllyatld IDOl'll CFISl lg 
aenerate aotiaera for in vitro studies· As mentioned above, we showed that s.c. or t.n. 
lmmunlzdon of AJJ mice with a tingle doee of 8. cereua G9241 pBCX01· pBC21 B
{double-aJred G9241 or DC-9241) live spores or FIS conferred 100% protection from 
subsequent 1.c. or l.n. B. anthnJCls Steme challenge. In addition, our collaboraton1 at 
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USAMRllD demonstrated that Immunization of BALB/c mice with a single dose of DC
G9241 FIS l.p. or l.n. protected 55-60% of the mice from subsequent challenge with the 
fully virulent S. anthracls Ames. Studies are underway In our laboratory to Identify the 
protective lmmunogens on the surface of DC-09241 using immunoproteomlcs methods. 
To condud these studies, we will use antisera from AJJ and BALB/c mice immunized 
with DC-G9241 or B. cereus 569, a related but aYiru'8nt environmental isolate of B. 
cereus that, when administered in FIS form l.p. or l.n., protects BALB/c mice from B. 
anthracls Ames challenge slightly less effectively than does OC.G9241. 

To generate antlsera against DC-G9241 or B. cereus 569, we will Inject FIS of either 
strain into groups of 10 AJJ and 10 BALB/c mice. Spores will be Inactivated by ftxaUon 
In 10% fonnalln for one week and extensive washing with water. Loss of vtablllty will be 
confirmed by bacterial enumeration on agar plates. A dose of 107 spores (as 
enumerated prior to fixation) will be injected s.c. with or without Alhydrogel ( 139 µg 
aluminum/dose, Section 4.4.3) twfca 14 days apart On day 29, mice wlll be deeply 
anesthetized with Inhaled isoflurene and exsanguinated by cardiac puncture to collect 
blood, then sacrificed by cervical dislocation. In previous studies approved under MIC-
09-418. the mice exhibited no signs of morbk:llty after FIS administration. However, If 
two or more signs of morbidity, as defined in V.4.5, are obseived, mice will be 
euthanlzed by isoflurane overdose and cervical dislocation as In V .4.6. 

Group 1: 10 NJ mice Immunized with DC-G9241 FIS 
Group 2: 10 NJ mice Immunized with B. cereus 569 FIS 
Group 3: 1 O BAL.Blc mice immunized wtth OC-09241 FIS 
Group 4: 10 8ALB/c mice Immunized with 8. cereus 569 FIS 
(20 AIJ mice + 20 BALBlc mice) x 2 ltendlona • 40 AJJ and 40 BAI Blc mice 

V.1.5.2. Oissemlna.tioo of AF-a. fJDthracls Si!!Dl! sporn lfltr immunization gt bJ.J mice 
w.tlb QQ:Gi241 sggru. As mentioned above, a AF-8. anthrac/s Steme spore emits a 
fluorescent signal only until germination occurs; as the spore gennlnates Into a 
vegetative bsclllus, the labeled spore coat is shed and the fluorescent signal is 
quenched. In a preliminary In vivo imaging experiment with only a few mice, we 
observed that AF-8. anthracls Sterne spores remained fluorescent and In the lungs of 
A/J mice that were immunized with DC-G9241, whRe the fluorescent signal from AF-B. 
anthracls Steme spores Introduced to naive mice was quenched rapidly. We propose 
to repeat this experiment with additional mice In an effort to understand the mechanism 
behind the Inhibition and germination and dissemination observed In immunized mice. 

Groups of 18 NJ mice will be Immunized with 107 DC-G9241 viable orfonnalln 
inactivated spores or ahem-immunized with sterile saline by l.p. Injection or i.n./i.t. 
administration es In V.1.5.1 above. On day 29, we wlll Inoculate mice with 1 OxLOao AF
B. anthl8C/s-Steme spores (detennlned In V.1.3.1) vta s.c. or i.t administration. We will 
lightly anesthetize mice with Inhaled iaofturane as in V. 1.4.2.1 below and image them 
0.5, 2, 6, and 12 hrs, and 1, 2, 3, 4, and 7 days post-lnoculatlon. Two mice per Ume 
point will be sacrificed by lsoflurane overdose and the organs will be Imaged ex vivo. 
Organs will be fixed In 10% formalin and processed to determine the location of spores 
and vegetative bactlli. The experiment will be conducted twice and the time poJnts will 
be adjusted for the second expertment if necessary. 
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Group 1: 1 B mice immunized wHh viable 107 DC-G9241 spores In sterile saline 
Group 2: 18 mice immunized with 107 DC-G9241 FIS In sterile saline 
Group 3: 18 mice sham immunized with sterile saline 

54 mice x 2 Iterations = 108 A/J mice 

Y.1.§,3. Immunization of NJ mice with candidate soore aotlQens and sul>seauent 
gba!leoge wiUl S. anthracis Sterne spores. NJ mice will receiYe 1 dose of either PBS, 
10-25 tJg exosportum antigen, or 50 ng rPA on day 1, then a dose of 10-25 IJQ of each 
exosporlum antigen (alone or In combination with other exosporlum antigens) on day 
15. Antigens will be mixed with TlterMax Gold or Alhydrogel (139 µg alumlnum/doae) 
(Section 4.4.3) In a flnal volume of 0.1 ml. We previously used TiterMax Gold with 
success. We may use Alhydrogel instead of TlterMax Gold es the adjuvant so as to 
better mimic the currently licensed Anthrax vaccine. 

Blood will be collected by tall venlpuncture every two weeks beginning with day 0 and 
processed to determine the speclflc antibody titer. lmmunogens emulalffed In adjuvant 
will be Injected i.p. with a tuberculin syringe attached to a 26 gauge 0.5 Inch needle on 
days 1 15, 29, and 43 or until a specific antibody response Is detected in the sera. On 
the 14lh day after the last boost, mice wHI be challenged s.c. with 1 ~20xlDl50 of B. 
anthracls Sterne spores delivered from a tuberculin syringe attached to a 26 gauge 0.5 
Inch needle. Mice will be monitored as described in section V4.5 following infection. 
Mice wlll be weighed daily to determine If a correlation between weight loss and 
eventual death exists. The study endpoint for this virulence experiment wlll be either 
death (see section v4.5) or euthanasia 2 weeks post-infection. Obviously moribund 
animals will be euthanized by C~ Inhalation or isoflurane Inhalation followed by 
cervical dislocation (see section V.4.1.4.). 

The immunogens that we plan to test are listed in Table V.1.5.1 below. These proteins 
were shown to react with entlsera from mice that had been Immunized with a derivative 
of B. cereus G9241 that was cured of both virulence plasmids (double-cured B. cereus 
G9241 or DC-09241). Each experiment wilt be done twtce. Addttlonal antigens wlll be 
added to the protocol as they are identffled In In vitro studies. 
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Table V.1.1.1. Candidate antlaens and antlaen combinations 
Number of 

Experiment tPA lmmunogen(s) Challenge mice per 
arouo 

- Gly-BclA S. anthracls Sterne 10 
+ GIY-BclA B. anthracis Sterne 10 
- BxPA B. anthracls Sterne 10 
+ BxpA B. anthracls Sterne 10 
- ExsE B. anthrac:ls Slama . ' 10 
+ ExsE - .. . 

10 A - P2138 8. anthracls 10 
+ P2138 8. anthracls steme 10 
- PBS + ad uvant B. anthraols Sterne 10 
+ PBS + adiuvant B. anthracls Sterne 10 
- PBS+ad uvant water 5 

Exnertment A total 105 
- Glv-BclA + BxuA 8. anthracls Steme 10 
+ Glv-BdA + BXDA B. anthracls Sterne 10 
- GIY-BciA + ExaE a. anthracis Steme 10 
+ Glv-BclA + ExaE a anthrac/8 Sterne 10 
- Gly-BclA +P2138 B. anth18Cls Steme 10 
+ GI r-Bc!A +P2138 B. anthracls steme 10 
- IXJ>A+ ExaE B. anthracls steme 10 

B + I bcDA+ ExaE B. snlhracls Sterne 10 
- BXDA+ P2138 B. anthlBCis Sterne 10 
+ BXDA+ P2138 8. anthracls Sterne 10 
- ExsE+ P2138 a. anthracls steme 10 
+ ExsE+ P2138 B. anthracls Sterne 10 
- PBS+ad uvant B. anthracis Sterne 10 
+ PBS+ad uvant B. anthracls Sterne 10 
- PBS+ad uvant water 5 

=--;;meat 8 tat.al 145 
- Glv..f!clA + BxpA + ExsE B. anthracis Sterne 10 
+ Glv-BclA + BXDA + ExsE B. anthracls steme 10 
- G~: ........ + BxoA +P2138 s. anthracis Sterne 10 
+ Glv-BclA + BxDA +P2138 B. anthracis Sterne 10 . Glv-BclA + ExsE + P2138 S. anthracls Sterne 10 
+ Gly..SclA. + ExsE + P2138 S. anthracls Sterne 10 

c . BXDA + E.xaE + P2138 B. anthrac:is steme 10 
+ BXDA + ExsE + P2138 B. anthracls Sterne 10 
- Glv-BctA + BxDA + ExsE + P2138 B. anthtacis Sterne 10 
+ Glv-BdA+B)(l)A+E.xaE+P2138 B. anthfBCls Sterne 10 
- PBS + adiuvant B. anthracis steme 10 
+ PBS + adiuvant 8. anthracls steme 10 
- PBS + ad uvant water 5 

ExDerlment C tot.II 121 
V.1.5. Gland total fOI' 2 lteratlOIUI of each experiment 

1!0AIJ 
mice 
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loftlQUmberofmlct fpr~ 1.5•385+1099 :1 f.f75NJ mice 

V .2. Data An11Dl1: A sample size of 5-1 O anlmala per condition wm have 80% 
power to detect a difference of 1.3 - 1.8 standard deviations based on a t test for 
Independent samples with a 5%, two-sided significance level. These are the smallest 
dlfferenoes that would be considered cllnlcally meanlngful for this type of study. 
Because mice have not been extenaiVely used for wor1< with Bacillus species, we need 
to establish the baseline virulence of the strains and the derivatives of those strains with 
which we are working. Furthermore, we are testing several vaccine candidates for 
protective etftcacy in treatments that may eventualty be used in humans. 

V.3. Laboratorv Anlmala Reaulf!d and Jultlflcat120: 

V.3.1. Non1glm1I Alllrnatfyn s;ignsldagd: At this time, there are no non-animal 
alternatives for anlmat use that would achieve the objectives outlined In these studies. 
Our juatiftcation for the use of the mouse model to study Bacillus vtrulence is that tissue 
culture systems challenged with Baell/us spores cannot always discriminate between 
anlmal-vfrulent and animal-attenuated strains. In slllco slmulatlons and In vitro cell 
culture studies were considered but rejected because they cannot address the 
objectives of these studies. 

V.3.2. 6DIDJll Mod•l 1nd Specln Justiftsatlqn: Animal use will help develop 
prophylactic and therapeutic measures to counter a. anthracls spore exposure in 
humans. The major goals of this project are to Identify 8. anthracis spore antigens and 
smell motecule compounds that act as anti-germination targets and to Identify key 
vlrulence detenntnants in 8. cel9Us. The use of murine animal models is essential to the 
evaluation of therapeutic and preventative strategies against disease caused by Baell/us 
spp. since no In vitro ~ystems or models are cunenHy available to predict the efficacy of 
such reagents. The mouse la one of three small animal models (rabbit and guinea pigs 
are others) available for studying B. anthracis and 8. C818US virutence and the efficacy 
of agents that may mitigate the effects of that disease. Mice are the lowest animal on 
the evolutionary scale with which to perform virulence studies for B. anthracls and 8. 
cereus. 

Studies of pathogenesis and virtllence of Bacillus spp. have hlstoncally been 
perfonned In female mice (3, 5, 9, 10, 17, 19, 21-23). Our laboratory has always used 
female mice for these studies. as have other laboratories who study SscR/us virulence. 
In addition, female mice are used to reduce the impact Of fighting among the mice. 
Further, all of the mice in an experimental group can be housed In the same cage when 
female mice are used. 
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v.s.s. Llbqntorv Anlm1t1 

Specltt 11 
V .3.3.1. GtnY! I Sp15lt!: Mus musailus 

V .3.U. StrlllJ/8tock: 

V.3.3.a. foun;WYendor: 

V.3.S.4. Aal: 

V.3.3.5. Wtlabt: 

v .3.3.1. §u: 

V.3.3.7. fptellJ 
Cooa(dtqtlona: 

NJ, C57BU6J, BALB/c 

fbl('l) 

6-8weeks 

t5-25 g 

*Female 

V.3.4. Nymb£ of Anlmalt RtaUlrld flzv Sm•l: 7821 

V.Y·li Studies of pathogeneaie and virulence of Baell/~ 1pp. have historically been 
performed in female mice (3, 5, 9, 10, 17, 19, 21·23). Our laboratory hae atNaya used 
female mice for these studies, ae have other laboratoriee who study Baell/us virulence. 
In addition, female mice are used to reduce the Impact of fighting among the mice. 
Fur1hef. all of the Mice In an expef'lffientat group can be housed in the same cage when 
female mice are used. 

v .3.5. RlftDll'Olot. Becluctfoo. RIDlactmtnt cs Rf): 

V.3.5.1. RtflntmMt: Tltermax Gokf"' or Alh~rogel wll be used Instead of Freund's 
adjuvant (complete and \nQ>rnplete). TderMex Gold.,.. and Alhydrogel are adjuvants 
known to be Iese reactogenic than Freund'a. AJhydrogel iS the adjuwnt in the currently 
FDA-approved human anthrax vaccine AVA• In addition, we wiH use small pllot studies 
to rapidly nanow the number of bacteria or mnount of therapeutic to be administered In 
eubeequent LDM Gtudtes. Thaee pllot studies wlll be done with the emalleat number of 
mice that wtl provide the necessary Information In a statistically significant manner. We 
further minimize dlltreu during the atudlea by careful cage-aide monitoring of the 
animals to c:tetennloe If en animal should be euthanlzed as described In V4.1.4 and 
V4.5. Signs Indicating that euthanasia should be Implemented would 'nclude an Inability 
to reach food and water, labored breathing, excessive weight lou, and lnablllty to 
remain upright 

V.3.1.2. Btduc;Uqo: As many of our axpartments Involve lnfactedllpore-treated 
animals or ti•uee. we do net partidpal8 in any shared tlteUe endlor control group 
atu<iea wtth other lnv•tigators. We have taken Into consideration an lnfonnation we 
nave gleaned from 9 ~ara o1 experience working wtth 1his anthrax model when 
proposing subsequent e>eperimenlB as wel es In the refinement of the total number of 
an~male required for the propoaed experlmants. With reepeet to ttie number of animala 

USUHS Fenn 3208- ,__, ~ 2008 
PrNoue.,..,. ....... 
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required for each experiment. we have used the mlnlmal number of animals required for 
blologlcal and statistical significance (generally 5 to 10 animals per group). Moat 
experiments wlll be performed In duplicate to confirm the data. In these experiments, 
the two spore doses that are farthest from the LD50 of the strain In question will be 
eliminated in the second experiment i.n order to reduce the number of mice used. 

V.3.5.3. f!taJ•ctment: At this time, there are no replacements for animal use that 
would achieve the objectives outlined In these studies. Our justification for the use of 
the mouse model to study Bacillus virulence Is that tissue culture systems challenged 
wtth BaclHus spores cannot always discriminate between animal-virulent and animal-
attenuated strains. In silica stmulations and in vitro cell culture studtes were considered 
but rejected because they cannot address the objectives of these sbJdies. 

V.4. TtcbnJcal ll1b2\11: 

VA.1. ealo I Dl1tr.n1 MSIUD11ot: 

V.4.1.1. APHl8 Fonn 7023 lnfonnatlon: 

VA. 1 .1.1. Numb!r of Anlro9l1: Animals are assigned to pain category E because we 
use death as an endpoint for ttle majority of our experiments. The symptoms on 
Bacillus infection, which wlll not be relieved using analgesics or antibiotics, are as 
follows: ruffted fur, lethargy, hunched posture, decreased alertness, weight '°88, 
dlftlculty breathing, unresponsiveness to external stimuli, and trembling. Animals that 
are used ea controls In each experiment (no spore tnoculation) and animals that will be 
Injected with small molea.Jles during the studies outlined In V1 .4 are assigned to pain 
category C because we do not expect them to suffer In any way from the control 
treatments. 

Table VA.1.1.1. Braa.kdown by atudy number of experimental [ 
and control anlmals for nAln cataaorv ...ianment. 

Experiment Total number Pain category c Pain Category E 
of mice 

V.1.1.1 266 21 236 
V.1.1.2 3440 240 3200 
V.1.2 210 30 180 

V.1.3.1 720 60 660 
V.1.3.2.1 240 0 240 
V.1.3.2.2 240 0 240 
V.1.3.2.3 110 110 0 
V.1.4.1.1 25 25 0 
V.1.4.1.2 360 120 240 
V.1.4.2.1 250 250 0 
V.1.4.2.2 840 240 600 
V.1.5.1 80 80 0 
V.1.5.2 108 108 0 
V.1.5.3 750 30 720 
Total 7829 1314 8315 
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loec ... fj laeolnR IMC111R 
NJ mice C57Bl.16J mice BALB/c mice 

VA.1.1.1.1. eotumac: 1244 30 40 
V.4.1.1.1.2. eo1umn R: 
VA.1.1.1 .3. ~lllmD Ii; 6135 180 0 

V.4. 1.2. Plln Rtlllf I Pmtntfon: 

V.4.1.2.1.Anntbttla/An!IA•la/TranqyHlzatlon: We will use Inhalation of laofturane 
gaa (1.5-3.0% In Oa) to aneattletlze animals for In vivo Imaging etudlea. We will uaa 
either an l.p. in)ectlon of ketamine-xylazine (100 mg/kg ketamine end 25 mg/kg 
xyllzlne) or Inhalation of lecflurane gee (1.5-3.0% in Oz) to anesthetln anlmala far l.l 
and l.n. Inoculation. Animals ueed tn s.c and i.p. challenge are not expectad to endure 
anything more than momentary pain, so no analgesics will be necauary. 

Epr jmaglna stucla. lsofturane has the advantage of malntanlng the mica under 
anestheaie during the Imaging procedure while permitting the anlmals a quick recovery 
time. The aneathetlZad mice 'Mii be placed on 1 wann platform and monltor9d for 
biolumlneacence for 5 min at 0.5, 1. 31 8, 12. 24, 48, and/or 72 h post Infection. To 
ane1thBUze the mice and 98Cllre their lrmioblllty during Imaging wtth the Carestream 
Multlapectn1l ltr vivo Imaging system, we will follcw the following procedures. 
Admlnl8tratlon of laoflurane gaa win be done via a Gas Anesthesia System that deltvera 
llofturane gas to 11 51>ort aneethella manrotd housed In the lmagl\g chamb9r of the In 
vM> lmaglng system. Anlmals will be Initially placed Into an Induction chamber end 
anelthellZed wlh leofturane (M%) wtlh oxygen 111 the oenter gae. Onoe the anlmata 
are properly Mdated, they wtll be swlftly moved to nose cones on the 5-port anesthesia 
manifold housed In the Imaging dlamber and maintained at 1 .S-3.0% 18cfturane. Any 
unuMd man~ld portl wil be clo8ecl arr. Sumclent time wjll be given to allow the 
anee1hetic gaa to reach the manifold nose cones prior to removtng the anlmall from the 
Induction chamber. Both the i'lductlon chamber and mantrold will be 1et to deliver 
iaoflun1ne at a constant rate. IllJl.mll)lfpld al~l48 DftAU gyenglng oorta to 
halo orevent gas rmm entertna me surroundlna work environment. A bultt-ln vacuum 
mtam belpa vept!late waste gp away trpm researchers and Into djlogsab!e Jsqflurape
ablorblnQ filters. In both aoeattin!a procedures. deoth of aOMtbeaio will be a1weect 
by tbl onllt Ind maintenance Of Blow. Allow blHthlDA II wtll M tilt IQH of toe Pinch 
TUDQDH In UJe antrnats, 

V .4.1.2.2. P11- and Polt-troctclural loot 1uram> Proyltlont: Only mioe thet appear 
to be In good health will undergo anesthesia. We deftne good health ea clean un~ 
fur, alert demeanor and no obvious algna of alcknaa. Mice recovering from anee1heala 
wlll be placed Into a dean cage with external heat applied (a heating pad placed under 
the rec:ovmy cage) ta prevent mice from undergoi'lg • l'lpld loa In body1emperatu,.. 
Once the mice have roused from anesthesia and appear to be moving in an alert 
manner. they w1n be placed back tnto a clean cage with their cage mates. All mica wlll 
be monitored In the laboratDry for at least one hour pl1or to their return tofbl<0> I 
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V.4.1.2.3. ParaJxaca: N/A 

V.4.1.3. Llt!mum Starch tor Altematlyn to Palnful or Dl!KllD!I Progdum1: 

V.4.1.3.1. Sourcn 8Ma:hed: AGRICOLA and PUBMED databases were searched 

V.4.1.3.2. Data of Satn;b: 12 December 2011 

VA.1.3.3. Period of ltlmb: AGRICOLA Database (1970 - December 2011 ), 
PUBMED Database (1986 - December 2011, Engllsh only) 

VA.1.3A. Kev Worcla of Search: Pain AND (alleviation OR alleviate OR altematlve 
OR reduction) AND (mouse OR mice) AND (Baell/us) 

VA.1.3.5. Rnultl of Search: The search for Bacillus and mouse and pain and 
altematfve yielded no documents in AGRICOLA and two documents In PUBMED. The 
documents did not provide any methods for alleviation of pain or distress In mouse 
models that we use. 

V.4.1A. Unalleylated Painful or QJt1mtful erpcec1ure Juttlflcatlon: No 
analgeelca will be given to S.Clllus-lnfected anlmala for the following reaaona. 
Inflammation and/or the Inflammatory response are key components of Bacl//us
medlated disease (macrophages play a key role In the dissemination of Bacillus spp). 
Because we wlll be using the mouse as a model to study both the pathogenesis of 
disease and possible treatment therapies, we believe that the use of non-steroidal antl
lnftammatory drugs and oplolds could confound or possibly mask the extent of Bac/Hus
mediated damage that we will evaluate by histological examination or toxicity (18). 

Mice wlll be weighed daily to detennine if a ex>rrelation between weight lose and 
eventual death exlsta. Investigator and staff will carefully monitor Baclll~infected 
animals and euthanlze those that appear moribund because it is our experience that 
these animals will ultimately succumb to Bacillus Infection after Inoculation. We define 
vxtnu:o§ly modQ!aod a wll§n I lllQMll exblbl1f 2 or more of tbe fol!oEn,g §ymptqms; 
Dlffted fur, letbamv. bunched posture. lmoairad ambul&Uon that prevent& the animals 
frpm rncbina food and water. excess!ye weight !ossfemacjatlon. diftlcult or labored 
breathjna. and the jo@bility to retnaiO UDriahl Death due to infection after i.n., l.t .• S.C., 
or l.p. Inoculation with B. snthracis and B. cel9Us typically occurs 3-5 days post
lnoculatlon. Durtng this time period, mice wlll be Inspected every 4 h during nonnal 
working hours and every 8 h during non-business hours. All Inspections will be noted 
on cage cards so that LAM personnel are aware that the mice are being monitored. 

V.4.2. Prolonaed Rntralnt: NIA 

V.4.3. Suraery: NIA 

V.4.3.1. Prt:turalcal f?myJ1ln: NIA 

V.4.3.2. ProcectUra: N/A 
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V.4.3.3. P21t=tYDllal Proylflons: N/A 

V.4.3A. LQgtlgn: N/A 

VA.3.6. Syrg19:p: N/A 

V.4.3.8. Multiple Mllor Survival Opentlve Procedurn: NIA 

VA.3.8.1. Pngdum: NIA 

V.4.3.8.2. Scientific Juatmcat1an: NIA 

V.4.4. Aolmtl l!olpul!tlom: 

V.4.•.1. lplactlona: We wtll be gMng l.p. and s.c. injections. All mouse Injections are 
given with a 26 gauge 0.5 Inch needle attached to a tuberculin syringe. All doses are 
given In a total volume of 0.1-0.2 ml. 

Fgr lmrounllatlon - for each mouse In this set of exper1ments, each recombinant 
exosporlum protein or combination of proteins will be emulsified 1 :1 with TiterMax 
(TiterMax, Norcross, Georgia 30092) or Alhydroget and will be administered at a dosage 
of 25 µg protein (antigen) per anlmal. For spore lmmunlzatton, 107 DC-G9241 viable or 
formalin inactivated spores will be administered by l.p. Injection wtth or without 
Alhydrogel. Antigen/adJwant will be administered by l.p. Injection through the ventral 
abdominal well with a tuberculin syringe attached to a 26 gauge 0.5 inch needle. Doses 
of entlgen/adjuvant will be In a volume of 100 1-11/animal. Control animals will receive 100 
µI of sallne- or PBS...adjuvant emulsion minus antigen. The Injections will be done 1()..14 
days apart. 

For l2m1JI Molecule Deam@Dt- each mouse In the pilot experiments (to identify a 
non-toxic dose) will be Injected s.c. between the scapulae, at the base of the tall, or 
behind the rtght foreleg with 0.1 ml of 1 of 4 different doses of the small molecule In 
water using a 0.5 Inch, 26 gauge needle. Once a non-toxic dose of the small molecule 
Is Identified. each mouse In these experiments wHI be Injected s.c. in the same location 
with 0.1 ml of that dose of small molecule In water using a 0.5 inch, 26 gauge needle. 

For Soore Challenae or Toxin Admjojstration - for each mouse In this set of 
experiments, heat-activated Bacillus spores will be administered via s.c. injection 
between the scapulae, at the base of the tall, or behind the right foreleg or via i.p. 
injection through the ventral abdomlnal wall using a tuberculin syringe attached to a 26 
gauge 0.5 Inch needle. Spores wlll be In a volume of 100.-200 JJVanfmal. Toxin 
components wiH be Injected f .p. through the ventral abdominal wall using a tuberculin 
syringe attached to a 26 gauge 0.5 inch needle. 

For Anntbesia - for each mouse in this set of experiments, anesthesia wm be 
induced by either by l.p. f njectJon through the ventral abdominal wall of ketamlne
xylazlne (100 mg/kg ketamine, 25 mg/kg xylazlne) In sterile phosphate buffered saline 
(PBS) using a tuberculin syringe attached to a 26 gauge 0.5 Inch needle m lnhalatfon of 
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laofturane gaa (1.5-3.0% in Oz) to anesthetize animals prtor to Imaging (see anesthesia 
1ecllon V.4.1.2.1). 

V.4.4.2. BIQHIDpta: 
Blood ygplu from lmmuntzec:t mice will be obtained from the tail vein of mtce uUig 

ehr 1 28 gauge %• needle or by nidcing the tan wttti a atarte razor blade·and 
coltecting about o. 1 ml of whole blood Into a lt!lr11e 1 ml tube. Thie wlH be done wtll be 
done 10-14 days apan prior to each subaequent booel Enangulnation by terminal 
cardiac puncture wlll be conducted under deep taoflurane aneatheaia. Once 
aneathetlzed, aa confirmed by lack of toe-pinch reaponee, each mou• will be placed on 
Ill back and a sterile 23 gauge~· needle will be introduced directly Into the heart 
through the cheat cavity. The ayrtnge plunger will be gently pulled to remove ae rooctt 
blood as poaalble from the mouse. 

Lungs and othlr organs wlll be remCMKf from the mice poat•uthanasla as needed. 

VAA.3. Adluvanta: llterMax Gold contains the block oopotymw CRL-8300, the 
metabollzable oll equalene, and 1 unique mlcrop11rtlculate etabtllzer. Alhydmgel 2% 18 
provided aa a ready-to-use, eterte aluminium hydroxide wet gel (colloidal) euapenalon. 
TiterMax (1 : 1 (v/v)] wilt be reautpended with antigen In a total volume of 0.1 ml and wlll 
be given by l.p. Injection. Alhydrogel 2% (139 1-1g Aluminum/dose) wlll be resuspended 
with antigen In a ftnal volume of 0. 1 ml and wlll be given by l.p. Injection. The Injections 
wll be done 10-14dap11part wtth • t\lberculin ayringe attached to a 28 gauge o.5 i'lch 
needle. Mice wfll be monitored dally after lmmunizstion. In the event of an adverse 
reactlOn to t"8 edjuvant (Injection site reaction), LAM veterinary staff wll be consulted 
as 10 the proper COUM of action (alemative endpoint or vecer1nary treatment). 
lrrmuntzed nice that appear mor1bund will be sactlfloed by 1durane OY9rdoae and 
cervical di11ocdon. 

V.4.A.4. Mon9*nal Antibody CMAbf) Prasluctlpn: NIA 

v .u..s. An&ma! ldtntlflcatlon: Mice will~ by cage cerda andfor ear 
punch. E•r punchea will be admlnletsred b~taff (e.g. modlla EP-901 or EP· 
900, Braintree Scientific Inc., Braintree, MA 02185). (also see Section VI for staff 
qu1llftcatk>ne ). 

V.4.A.8. 8tlwyloral Studle!: NIA 

VAA.7. Otb• Pf0C9dum: 
lnocullt!on or Immunization by tht intllnuel route wfll take place under l10flurane 
aneathe&la by the droplet method. Approxlmat~y 50 µI will be adminirterad onto the nose of each mouse using a prevloualy stertle pl pet Up attached to a manual 
ptpeiman. The mouse wlll be allOWed to Inhale the droplet at w111 and then be 
returned to its cage. 

h1oculatloo by tb• ln1qtracheal rpyte wl take place under ketmnlne { 1 oo mglkg} 
xylBZtne (10 mglkg) anesthesia. Once 1neathetlzad (defined 111 no resporm to toe 
pinch), each mouse will be placed on it8 back on a ftat eurface that can be eleYated 
75°. Paper tape will be applied to each ann to gently adhere the arms to the flat 
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surface. A hypodennic needle wlll be Inserted Into the flat surface -s cm from the 
top of the mouse's head. A rubber band will be looped over the needle and under 
the upper tnctsors of the open mouth of the mouse to tilt the neck backward and to 
hold the mouth open. The flat surface wfll be elevated to 75° such that the mouse's 
nose wlll face upward. The two flexible ftber-optlc arms of a halogen light source wfll 
be placed on either slde of the mouse's neck to provide tranalllumlnatlon of the 
trachea. The tongue will be held to one side of the mouth with forceps. A sterile 
68.6 mm gel-loading pipette tip, which Is tapered for 25 mm to a narrow tip, wtll be 
attached to a P-100 plpettor end the 50 µI lnoculum will be aspirated Into the tip. 
The tip will be inserted Into the trachea and the inoculum will be delivered by gentle 
end constant depression of the plpettor plunger. The tip will be removed from the 
mouse, the rubber band will be removed from the teeth, and the mouse wfll remain 
elevated for -1 min to allow the inoculum 1D flow Into the lungs by gravity. The tape 
wm then be removed from the arms and the mouse will be returned to Its cage to 
recover from anesthesia. 

lmaalna of mice: Anesthetized mice will be placed on a wann platform within the 
Carestream Multlspectral In vivo FX Pro Imaging system and monitored for 
11uol'9SCElnce for 5 min at a time at 0.5, 1, 31 6, 12, 24, 48. and/or 72 h post
lnoculatlon. 

Photograohy: Mice may be photographed during Inoculation procedures, during In 
vivo Imaging, and post-mortem. Photos of Inoculation procedures wtll mitt be used 
for teaching rodent handling techniques to new members of the laboratory. Photos 
from In vivo imaging wllt be used In seminars presented by approved users on this 
protocol and may be published In research arttctes. No photos will be taken of mice 
that are vlslbly moribund. The photos wfD be stored only on password-protected 
DoO computers at USUHS. Photos will be disposed of 5 years after the end of the 
project. 

V .4.4.8. IltlPI Sb1ous: As many of our experiments lnvorve lnfected/spor&-treated 
animals or tissues, we do not participate In any shared tissue and/or control group 
studies with other Investigators. 

V.4.5. study Epdpolnt: Table V.4.5.1 below summarizes the endpoint for each 
proposed experiment. The study endpoint for virulence and challenge studies with 
infected mice will be death or euthanasia approximately 14 days post-inoculation with 
spores. The study endpoint fOr mice immunized with various exosporlum protein 
preparations or capsule preparations and inoculated wtth B. anthrscls or B. cereus 
spores will occur 43-70 days post Immunization (14 days post.fnoculatlon). The study 
endpoint for mice monitored for fluorescence will be 72 h or 2 weeks post-Infection. 
For all studies, mice will be weighed dally to determine tr a correlation between weight 
loss and eventual death exists. Investigator and staff will carefully monitor Sacl//us
lnfected animals and euthanlze those that appear moribund because It Is our 
experience that these animals will ultlmately succumb to Bacillus Infection after 
inoculatlon. We define extreme~ moribund as )Yhen 1 mouse exhibits 2 or mom of the 
fo!lowfna symptoms: ruftlad fur. letharuy. hunched DOlturt. impaired ambulation that 
gyents tbe animals from reacblng fQQd and water. excessive weight losa/11J11Htlltlgo. 
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dlfnou!t or labored breatbina. and the ln&bility to !'Qf!llin upriQbt. Death due to Infection 
after l.n., l.t, e.c., or 1.p. Inoculation withs. anthrao/s and S. cereus typlcally occurs w 
days post-inoculation. During this tlme period, mice wtll be Inspected every 4 h during 
normal workilg hours and every 10-12 h during non-bualneas hours. All inspections wlR 
be noted on cage cards so that LAM personnel are aware that the miea ant being 
monitored. 

Table VU.1. Enc:lnatnt and time to endDotnt for each atuttu tn .. I 
t;marfment Number of mica Endoolnt Time to .. 

V.1.1 .1 268 Death or sacrtfloe when moribund 14 dava 
V.1 .1.2 3440 Death or sacrifice when moribund 14 davs 
V.1.2 210 Death or aacrlftoe when moribund 14 d•llS 

v :1.3.1 720 oaath or sacrifice when moribund 14dav. 

V.1.3.2.1 240 Euthanasia 0.6, 1, 8, 12, 24, 48, 12 
hrt 14 dava 

V.1.3.2.2 240 Euthanasia 0.15, 1, 6, 12, 24, 48. 72 
hrs 14 dava 

V.1.3.2.3 110 Euthanasta 0.6 hr, 2, 4, 1, 14. 21 , 
28. 36. 42. 49 56 dAVR 

V.1.4.1.1 25 Euthanasia 7 dava 
V,1.4.1.2 380 Death or aacrtfloe when monbund 14 dava 
V.1.4.2.1 250 Euthanasia 7dava 
V.1.4.2.2 &40 Death or Mcrtfi09 When moribund 14daw 
V.1.5.1 80 ELM\anaia 29daVI 

V.1.5.2 108 Euthanasia 
0.5, 2, 6, 12. 24, 4e, 72, 
98 hra. 7 dava 

V.1.5.3 750 Death or •atloa when moribund 14daw 

VA.I. !ytban11ll: Mice will be euthanlzed by either lsofturane overdose (4-5% 
concentration) wfthin the lsollurane Induction chamber located tnelcle a fume hood, 
followed by cervtcal dislocation, or by co.a overdose. C02 wlll be delivered from a 
compressed gas cylll'lder vi~ a regu~ rate of flow In accordance with the 2007 AVMA 
Committee on Euthanasia. For euthanasia using COJ, all procedures will be performed 
by LAM peraonnel in LAM fecllltles. Investigative st.aft Wiii perfonn taofturane and 
ce~I dlalocatton euthanasia procedures; death will be conftrmed by performing 
b11ataral thoracotomy (as lated In the 2007 AVMA Guidelines on Euthanasia}. 

Y.5. •dn1rv C111: 

Y.5.1. HylbandrxCoQ1ld1fltlpD1: Except as noted below, routineanlmal husbandry 
wlll be provided In accordance with LAM Husbandry SOPa for eacl\ apeclea In this 
protocol. 

Y.5.1.1. Study Room:.,,,.,.,.,,....._ ....................... ......., 
BuikHng(s) p»<5> L Boom Numbef1s)f6)t6) I(~ J - ....._ _____ _. 

U6Ut9 Foll'll S2Cll - R.-.i Ol:labm' 200B 
~11iiikni--~ 
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v.1.1.2. Smit! Hulblndrv Proylllsma: C&nt must be taken to avoid epreed of the 
Bacillus r~ra mice In other cages. Mice lmectecl wtth Bac/Uus wtll be left In fitter-top 
cages In ° ( lrv minimize SDOA! dissemination. our \abqltory staftwlll be 
rnggDllbJt fpc dlangiog BQ8I aQd feedlnq/wetedna our mice once they have b8lo 
IDOCU\ated. wtth respect to Infected animals, alt bedding, anlmat cema8889 and wastaa 
should be treated as Infectious and autoclaved. Mouse carcanea wHf be treated as 
blohazard waate and will be double bagged and iabejed wtth e bum tag. Gloves, Jab 
coats and maaka should be worn by au personnel when handllftO potentiaRy lnfectk>Ua 
matanal. 

Food Rll1rtcllon: Yea----
No _x __ _ 

flutsl RMtdmtao: Yea----
No _x __ _ 

V.5.1.3. Ex9Ht1901: NIA 

v .5.2. Yttlrln•rv Mtdlcal care: 
v.1.2.1. Bodn• VtWtnarv M!dlctl c;ar,: Animals will be obeerved and cared fOr 
by the Center for LAM personnel accomlng to USUHS Center for LAM SOPs. In 
addition, Infected mice wtll b f"red t end checked twice dally or mm frequently as 
neeci.d by membenl of orl 6 

_ boratory 8IBft working on this project. 

V.S.2.2. EnwratOCJYeWlnuy MecUcaJ Cart: All emergency, weekend, and holiday 
care ii provided by two animal husbandry technicians, one 0t tnOl8 wtetinary 
technicians, end an on-call vetemar1an. Es8ential husbandry procedures and health 
rounds are conducted by LAM peraomel once dally dl.Klng weekend and holidays. 

V.6.3. Enylrpnm•ntal l!nrtchment: 

v .1.3.1. Enrlcbmtnt '' 1hMY: Except as indicated below, all animats on this 
protocol wlll be provided with rouUne envtrorvnental enrtchment in accordance with LAM 
SOPs and 1ACUC Pollcies, Examples Include nestleta and tunnels for rodenta; balls. 
toys and food enrichment treat& for large snlmal species. 

V.6.3.2. EnrlglJD!fll flatrlctloQf: NIA 

VI. STUDY PER80NNEL QUALIFICATIONS AHD TRAINING: 0rJ<bl{
5
> !who will 

riot do these •hands on• experiments herself, has 35 yess experience worldng wtth 
mice In mji'Mr'cjfi'' aaaays and has been involved with tho mouee anthrax model since 
2002. Dr. ~ 18 a eenlor eclentlat wt'lo ha8 ~the anthrax project since 2009 
and ha• taken the tnvesS Tj'nlng course. Dr.~haa 2 yeara experience 
wot100g wtth rodents. Dr. ta a postdoctoral fellow with 7 years of -ence 
wortdng wtth rodents and has taken the lnveattgator Training Course. Dr JC ltaa 
15 yeal'9 mcperience using animal models of Infection with various orvantama; she has 
taken the USUH~eetigator Training Course and a rodent handing course at another 
Jnatftutlon. b TC~O, is a veterinary pa1hologlet in the United States Army. He 
h88 been a veterinarian for 18 years and has 2.S years of mcperienoe wtth mouse 

U8Uft8 Form 3209 -~ Odoll9r 2008 
......... wn111n ......... 
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mOdela tJf infection. Mr J<6)<Sl ~. a senior technician who ha• worked for 20yqta With 
EHECIEPEC lnfaction in mice and 7 yeara with anthrax models. Mr.~ hu 8 yesra 
6f e.rience working in our laboratory with mouse models of anthrax dieeaee. Flnalty, 
Mr J Jtae no experience working ;JI !'Manta but ,~~ Jilleen the lnve&tigator 
Training Course. Hi Will be trained by Mr }X6l land Mr. r 6J1ease ... the table 
below for a apectflc breakdown of the proceduree that each Individual wm perform and' 
each per80n'a training and experience. 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 
ProClocol llCtlvlty or QualntcaeioM of ll*llc .. .,. .... In 
procedan (LI·· tall NlllMofS-- penon perfo•inl ttti. 9Ctlvlty or 

vein lnJtctfo•, PMfarnltno ectMty llGIMlr <••· wrelt pracMute(•.g .. ............ 1Khnldan,2YN rodent hllndllrl9 cl-, 
• 1•• \U.J(ti) 

Senior Sciantlet, 15 yr 1 (~). 3 (1007), 5 
lntnlM881 lnowBtlon (UAB, 1997; IM2004; upeffence 

NIH2037l 
lntrwlMal lnocui.tton senlot Sdemi.t, 2 yr 1 (2009 ••• ..1, 

Mr.l(bH) I 

Pottl:lodontl Fellow, 8.5 1(2011),3 (UVA. 
lntnlnaeal lnocullltlcn ~M~\ 4' (2011, Mr. 

yr~oe b)(6) I~ CINA.. 200S) 

Gt8duate Siudent. 2 Yl"I 1 (2008), ' & 5 (Unlwftly 
lnnneui lnoculetkm of Peftll~ Sdlool of e)CJ.WIMICI -· - 1Hll 

senior Ree.arch 
1.~(F~004) lnban-1 lnoculatlon Tedwllcian, 20 yra 

- nee 
R111al"Gh Technician, 7 1 4 IOnll bJ\01 I tntran ... l Inoculation vr llD llO) 200il 
Rneen:h Technk:ien, 1 1 {Z01n\ "•zm1, Mr. lnbanaeal 1nocu111t1cm l(b)(6) I vr---

SanlQr Sdal• 15 yr 
1 (2008), 3 (1997), 5 

& lbculllneous lnJedlon uperienot (UAB, 1"7; UW2004; 
NIH200TI 

1 (2009),• ·- 11, 

! 

Senior Sdentt9t. 2 yr Subc'utaneaua lnjldlon 
C6 M"''VJIU) I I 

1{2011),3 (WA. 

l P~ll Fiillow, 8.5 
s~, 1njiietl0n 20Ml, ~ (2011, Mr. yr _,,.r1eno9 (b)(6) 15 CUVA. 200ln 

Gi'ldulili9 Studinl 2 y19 1 (IOOI). , , e tuntwe• I 
Subculllneoua lnjed!an •perieooe ar Pennsytvllnlll SdlGCll or · 

Vtllltrtnerv ~- ,QMl 
Senior Reeean:h 

1 (I<~). 4 ~DrJ(b)(6) SU~ lnjeetlon TllCl'lnlcian, 20 yra 
199&) -rience 

RMean:tt Technician, 7 1 . ~ rn..1(0)(tiJ I 
Subcuteneoua Injection vt exD6'1ence 1(0)\0) 12004 

Reeeet'Ch Technician, 1 1 (2010) . .f l2011 Mr. 
SUbe\Jliiineouw lnjeedOn nee 11n11n I '" 
lntreltrsiehaal lnOclla.tion 

Ser1lof Scientiet, 15 yr 1(2008).3 (1997). 5 
oe Cl.NI ~2004 

lnhtracheal lnoculdon Senior Sclenltlt. 2 yr 1 (2l'VRll• 4 r,..,.. 
l(b)(6) 

, Mr. 



ProU>col KtlVlty or Qudllc8UoM oil Specific tnll•llnsJ In 

ptaceduN (e.g., tall ...... dpeNOn ~performing thil~Oll 

win ~ec:tlalw. pNfomdng •ctMtr ~( ............. prooMIU .. ( ..... ........ , tllcllnlclm. 2 yra rodent undllng .-... 
~. ... . ftH) 

lO){ti) 
Pwtdodoial Fellow, 8.5 1(2011),3(UVA, 

lnballCl'MMll tnocullltlon 'fl 6l(j)ertin06 
....,.,.., •• 4 (2012, Mt. 

{b)(a) 15 4WA. 2006\ 

lntraecheal i~ Gnlauiili Student 2 ,,. 1 (2008), S & 5 (UrtMnlty 

exper1et IC8 of~- SehaalOf 
V""1-MecllftlM-1Ulll 

lntnlbmlMl lnoculetlon 
Senler R .... tch 

1,•(Mr~D12) T..,.l'*lel\, 2D Yf9 

1""1ltnlcheel lnooullltkln Reeeardll Tec:tlriclan. 7 1, • (0tJb )(6) l.2011) Vt - ---- ---

ln1Hlblld'lul inocul9'lon RH II rcti Technician, 1 1 (20j;' 41. r?n17, Mr. 
Vf -l'k!iilce l)\\i} 

iniraperiloneaI lnjeclion S.nlar Sdenlllt. 1 s yr 1(2008),3(1807),5 
~ - (UAD. 1997; WI 2004; 

NIH 2007\ 

intniperlloneai injection &.ikJr Sclentat. 2 yr 1 (2009) . .. (20()9..2011 i 
MrJfbl(6l I 

intnlperilonaal lnjectioo ~ral Felow, 8 .5 1 (2011). 3 (UVA. 
\II' 2005\. 5 <WA 2005\ 

lntiiipifflD·ileiil lnjeClll)n ~ stud8nt. 2 YN 1 (2000),$&5~1ty 

acp8l1ence Of P~silil3dlliol of 
v, -- - 1-

lntrapdoneal lnjaclt>n 
S81'ifofR~ 

1 (l~::r>r·Jlbl<5) I 
Tech't~ 20 rr- {b)(6) 198fS) 

not 

lre8pet11Di 18111 injeetlOrl Rauanh Techftletan, 7 1 ... ' ,.._ l fb}(6 I 

vr , ..._noe l(b)(6) 12004l 

lnbllperllDnaal lnjactlon Reeearctl Techntclan, 1 1(20~ 1,Mr. 
vr b 6 

llloftlJrwta aned'lellla Senior Seier-. 15 yr 1(2008),3 (1' 87), 6 

~ 
{UAB, 1997: UW2004: 

NI-I 200Tl 

leol'knne• ........ Senior Sdentlat. 2 vr 1 (2009), .. "1, 
- . . "' ~ - M(l!OHtH I 

ltofllnne .,...,,_. Pmtdoclalal Fellow, 8.5 1(2011),3 (UVA. 
VI" 200!5t ~ tW• 2008\ 

leoflurane .,,edlel&a G,.._ Student. 2 yn 1 (2008). 3 & IS (Unlv91dy 

~ of Ptm ..... Sdmof 
y, M9cleb1e. 1005\ 

leoflurana anes1hala 
s.n1or Reeelll'M 1 (1QQ2) .f t)(O)(t5) 

Tedwllolan, 20 Y'8 

• l<b)(6) 995) 

llOflurane.,,..._. Reliuch Tec:hnldan, 7 1 .& '""'"'"bun I 

vr ll0)(6J 12004) 

1eonunne aneethel'8 RiUmct1 TechnlCliifl, 1 1 """" n• .._ nn"I ~ • Mf. 
- l(b)(6) 
"' -
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In vNo imaging 

In """° imaging 

Bli'JOd COIMClion: 1111 
wnlpuncture or rick 

i51ool oolkicliort ... "*' · or nlct 
Blood collet:dQn; tlll 
,,... re or nick 

81ood c:ollectlon: tlil 
\'9n~recrnic* 

Blood oollecllon: ... 
wnipundui'i tr nlek. 

Blood cartecdoli: tall 
V9ftll'll1nctl1!'9 or nick 
Blood collecdon: tall 
~,.,. .......... _ or nk:tc 
ExungulNltlon by 
mJllg nunttuM 

b}(6) 

Qu.lflcatlo .. of 
PiiiWi1 peffoi11'1iiii 

....,.( ........ adt 

*""~·2rnt 

PoeidoOOMtll Feilow, 8.5 
yr experience 

Gftiduftl SU:ient. 2 Yf'i 
expertence 

S.ftiOr R8IMl'dl 
Tectmlclan, 20 yrt 

1 (2009). 4 (2010; 
Ca~ Healthcln' 

1 (2011), 3 ~A. 
?ni'l•h, 4 (2o11, Or. 

(DJ(o) I 5 lUV.A _200!5\ 
, (2000), 3 a $ (Untwnlly 
of~ .......... School crf 

Viltiilfnliiy Miditlne. 
1995'· .. r.Ml11 Or. 

l(O)(o) l 
1 (1oG.,\ .. ,. 12011, Or, 

1<0)(6) I 

a.J(b)(6) I 
P08Uloc:toral Fellow, 8.5 1 (2011 ), a. (UVA. 

vr 2005\ 5 fllVA 2005\ 

R.....-ch Technician, 7 1 4' IDl"la,f(nun i l 
VT"' -- . - -~ - Git l(O)(o) i20I 4f 

Reeeareh Tectmlclm, 1 1 \ZU~ ·u i .6
, 1, Mr. 

vr kb)(61 

senior Sclentllt. 15 yr 1 (2008), 3 (1997), 5 
-~ flJV\12004) 

Senior Scieolial. 2 yr 1 (2009), "' ,....... .__ 1, 
nee Mrl(b)(6l I 

setilot R.._feh 
Tectinlclan. 20 yrw 

u . 
1 (1992), 4 CMrJ(b)(6) ] 

2007} 
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Prolocol advlty « 
prooedure (e.g .. t:aff ...... of...,... 

"'" lnl.ctlol•, petformlng Ktlvlly 
eutMnula) 

Exeangulndan by 
~-··-

[b)(5) 

Exlen;Ulndon by 
cwdJec -
E...._.wtlh 

floft~l'Wlne and Clil!INblil 
dlU••ik>rl 

euth._..watt 
llaftura~ and oer¥ical 

dlllamtlon 
El..lliwlallll wlh 

ieoflu1'11M .,d ceMcal 
dltk'Jeatlofi 

Eulhel 11'r wtlh 
kiOftlJl'lili Ind~ 

dlllocatlon 
Eulhlllrala 'Wlltl 

llaft.Jrane and ~ICal 
dlllclcldlotl 

Eulwalawtlh 
llal'IUl'llM encl ceNlcal 

dlliocMion 
E.....,_lewllh 

liiaftJniM ua CilfVlail 
clllocation 

E.-pundl 

Espunm 

Ellrpuneh 

· Eerpunm 

E9rpunch 

Ear punch 

&rpundl 

1 USUHS Investigator Training Course 
2 USU-HS Rodent Handling Courw 
3 Other Rodent HliN:Uing Coul"M 

USUH8 .Film S2iOe ~ ·~ CllCiliibii' 2'009 
~ ...... a... 

"11Ull "' a.,_.c..,nlngln 
..,_. petfonnlng tta .. mdfwllyor ... ( ............ proceduN(e4., 
tlleltnlcllul, 2 y,. rodllnt Mndl~ .... 

1tttJ 
RMlerdl T•chnlolan. 7 1 ,. 11il'l'o I 

w _- . ~ _110. l(b)(oJ ILUI •• 
RelMl'dl Ti..-.--., 1 1 (201 1• .• •;#fl' 1,Mr. 

~yt . • . . (OJ\O) -

Senb' Sde'*l. 15 yr 1 l4'.V\ ,J, 3 \ n "''· 5 

~not 
(\JAB, 1997; UW 2004; 

NIH200ti 

Senlor &NJf 1a.t, 2 'It 1 (~9), ..f -~£--.,.-11. 
~ Mrt J\oJ I 

Poa1dactlDral Fellow, IU 1(2011),3 (UVA, 
?nM\, 4 (2011, Mr. yr .expert9noe llDJ\I:>) SlWA.20061 

Gradun. Student. 2 Yfl· 1 (JGOI), SI 0 (U ....... 

tiPel lirli» of P11m.-u School of 
Vi M#ll!:!M 111815} 

Senior R--.rdl 11tao2>. ' c0rJ<bJ<5J Tech,.ldln, 20 yre 
llDJ(ti) 11W::>J 

- - -

Releerdl Technlcllln, 7 
'fl~ 

ft ~camJ<b~ ~b)(6) 1-----J I 

R.._fd\ Tfdif11dim, 1 1 (201M5' 1, Mt, 
yr~ 

S.IOr Sdentiit 15 yr 1 (2008), 3 (1997), 5 
(UAB, 1887; UW 2004; 

exper19I KW NIH 2007\ 
Senior Sdeullet, 2 yr 1 (2009) ... 11. 

Mrl(bJ(oJ I 
~Felow,8.5 1 (2011). 3 (UVA. 

vr 20051. 5 CUVA. 200Sl 

Gradualll ~ 2 )ft 1 (2008), s & 5 (\JnMnl)' 

~i('M of Pe~fa 8chool of 
v · --- . MidldM 1iliil(\ 

S..lor RLI u.ch 
1 (10<~ .. fo.-~ flldwltlln. 20 Yi1i (b ) 1 ) 

RHIH'Cb Teclmtcien; 7 1 41nr.,11 0 11 0 1 

vr llOJ\OJ R004l 
R......-ctt Tachnleian. 1 '\(~' ~ .,1, Mr. 

vr llb)(l5) I 
4 Sit8 SpecHlo Training 
5 extemlll Coul'M Training 
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VIL llOHAZARD818AFEIY: With reapect to mlee uaed In the anthrax rnodet, 
bedding may be contamlna19d wtth Bacillus sporee. The t.ddlng and anlmal carcae .. 
should be tr9al9d as Infectious and autoclavecl. lnfeoWd aninela Will be maintained 
Und6l ABSL-2 condition• in filter4op cagee. All procedurea ttiat invotve the u• al 
llofturane will be conduct9d in either a chemical fume hood (euthanaaill) or ;"11.il•.,;:D,,,__ __ 
anesthetia ·~tern with waate-ecllvenging charcoal :fttt.ra (beth located In OrJ ..... ib_x6_) _ __, 
laboratory). In eddttlon, all peraonnel whO will UM laoflurane will be made 8W8l'9 of ita 
•NOa.t8d aatWlY ha.un:l1 anct win be PfOPtlrtv nlnec:t in it1I uae: 

All peraonn.i wtH w.ar • diapouble gown, glovee, and mMk ill all tlmea when handling 
mk:e. A N96 ,..plnltor maak wlft be wom during Inoculation p • and tnocullltion 
!>rooadu~ ~~ ~ ~~~ !~ e !;~He::-~;:-; c.;;1r.,., \:n\_.;_;..;...,,"""'"~~ 
Sharpt1 will be dillpoeed of In approved Sharpe containers locatad I nd Sharps 
contatnera will be dlapoeed of•. a R.-gu'8t9d Medical Wam ~e EHS otnoe. All 
cage !:hang• wlll be done in •Type II Bioeafety Cabinet (loE:..._j 
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IX. ASSURANCES: 

.As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the foUowing: 

A. Animal Use: The animals authorized for use in this protocol will be used <:>nly in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation., 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statlstlcal Assurance: I assure that I have consulted with an Individual who ls 
qualified to evaluate the statistical design of strat~gy of this proposal, and that the 
"minimum number of animals needed for scientific va\idity are used," 

D. Biohuard\Safety: I have taken into <:onsideration and made the proper 
coordination regarding an applicable rules and regulations concerning radiation 
protection, biosafety. recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training~ I verify that the pat$0nnel pertorming the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure fnat no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that l have attended the USUHS Investigator/Animal User 

1~ino Course. .
1 

h /, , "/t, 
Principal Investigator Signature ~ 

G. Training: The following personnel will attend the next USU HS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowteoge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all Individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare. and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
11ResponsibiUty"i for implementing animal use alternatives where feasible and conducting 
humane la I 
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1. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL or WtLL NOT be reUeved with the use of anesttletlcs, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol. I have determined that altematlve 

prooodu~•~ ::f :.:::. :::: :~rh ~ ob~Ne~~ of i_.L.-.L..-r-;;sed expMmenl ~, v 1 , - oefR 
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X. PROTOCOL. ABSTRACT: 

A. Anlmal Prptpc:ol Numbtr: 

B. Animal Prptocol Tltlt: New Therapiaa and Vaccines against Baell/us anthmcls 
(mice) 

C. Principal lnvatlgatpr. Ph.C. 

D. f3r!onnlna Org•nlpaon: USUHS 

E. fyocMnq: Biological Oefenae Research Directorate, Naval Mec:Hcal Research 
Center 

P. Oblec;tly! ind App!91Ch: Bae/I/us snthmcls. a Gram-positive spore-fanning rod, la 
the cau8811ve agent of human arrthrax, which can manlfeet ae cutaneoue, gaetrointest:inal or 
lnhalatlonal disease depending on the route of Inoculation. Although it has long been 
nscognlzed that the eporea of s. enthracis could be ueect aa a weapon Of blowarfare andfor 
biotenoriam, no eucceseful nefarloua application d the microbe in the United States was 
reported until OotDber41

\ 2001. From then until oec.mtier 2001. 22 ca888 Of confirmed or 
suspected bioterroriem-relatad anthrax occurred, 11 of which were inhalatlonal. A 
prevailing health concern ia that the people who NOelv• •ntlbiotlc prophyl•>dl, •• Ml the 
caee for hundreds of people who were expoaec:l In 2001, may present with inhalatlonal 
anthrax aft8r the concluelon Of their therapy • donnant vlmble apol'88 genninate. 0,. w.t 
to Increase the likelihood Of patient survlval aa W911 as enhance the probabDlty of protection 
for ~ expa1ed to 8. antht9Cls 1poma le to prevent the gennlnatlon of the lnfedloue 
donnant apores Into actiVe vegetatNe cells. In the proposed studies, we will characterize 
the protectlwt efficacy of Immunizing mice with B. anthrecls spores or spora surface (called 
the exoaporium) protein• prior to inoculation with B. snthl&Cia Steme eporea (avirulent for 
humane but virulent for mice) via lntratracheel or subcutaneous routes. In edc:tltlon. we wlll 
aee• the etncacy d emal molecule inhibitors of apore gennination that wa have identtfted 
and characterized in vltto. The propoeed immunization and small molecule Inhibitor etudlee 
will be enhanced by our ability to monitor germination, outgrowth and diaeemination in the 
mouae through the applicatlcn of an In Wvc> Imaging eyatem using spores that are 
fluo19acent. Further, we will broaden the acope of our etudiee 1c investigate the facto.-. d 
B. cereu• that allow it to cauee human diaaa8e ueing approaches similar to thoae dHCrlbed 
•bove for s. anthmcls. B. Cf!llf!IUS cau ... ga.troemarttla end eye infectiona in otherwlM 
healthy individual• and can cause eepsia, meningitis, and enaocan:liti8 in 
immunocompromiled peraona. The atudlee propoeed here utlllze the minimum number of 
mice, which are the best small animal model for Baell/us studies, while maintaining 
1ufftdent power to accurately eaaeu the etagea of 8 . anthrecls and 8 . oeteue Infection. 

G. lndulng I•cm fgttcdPtoCf): anlmals, mice, BacH/Ua anth1&Ci$, Bacillu~ cereua. 
small molecule lnhlbltol"9, Immunization, exosporium, capsule, In vivo imaging, 
ftuoraecence, to>ein, anthrax 



UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES BRIDGE ROAO 

SEfHESDA. MARYlAND 20816-4799 

SUBJECT: lACUC Approval of Protocol -Triennial Review 

December 19. 2014 

The following application was rcvleWctl and approved by the Unifonned Services 
UliliVersity of the Hea~th Sciences (USUI IS) Institutional Animal Care and Use Committee 
( IAC'UC} via Designated Member Review on December 19. 20 l 4: 

DtJc of A:ppl'ication: "Use of Salmonella Typhimurium EnterobacteriaJ Common Antigen 
Mutmts as u Vaccine and Vehicle for Hetero\ogous /\utigen Delivery (Mice/Mus musculus))" 

!.IBlllfS Protouol Numher:_ (._16
_)<
6
_> ___ ..... 

December I 8, 2017 

• 1(6)(6) 
Suooortmg Grant{s) Number: 

Nmne of Principal ln\'t.'stigator: oi:l ... '6_H6
_) _____ .... 

The USlJI IS lu1s an Animal Welfare Assurance on file with the Otliee for Laboratory 
Animal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Number is 

l(b)(a> lnie IACUC approved the above referenced application as submitted. 

An WlnUal ·review is required for each of the three years of this protocol. This review 
must be compleied by the anniversary date of the protocol. If work is to be continued post the 
expiration d1ate, a triennial review must be complctc<l prior to the expiration date in order for 
work to be uninterrupted. Pirotocol expiration dates may not be extended, and no animal work 
mny be Jone without rui approved protoclll. Although the IACUC may send reminders, it is the 
investigator's tespo.nsibility to submit an ailntlfd review form (Ponn 3206A) at least 30 days in 
advance. or a new form :1206 for triennial review at least 60 days in aJvance of expiration. 

Prior to placing your fust fillirfHll <Circler, please cont.act MAJl(b)(B) ho schedule a 
pre-protocol planning meetingl\bl(6l I This meeting must occur to ensure mlimal numbers 

are loaded in the CART system and LAM reso!:w;~~fs are avsilable to i eet your needs. 

l(b) I Ph.D. 

cc: Office of Research 

Cb.air, InstimtionaJ AnimaJ 
Care and Use Committee 

Doc 61 



US'U'HS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET IAOUC Data Stamp. 

PROTOCOLNUMBER:l_(b_l<6_) ______ __. 

PROTOCOL TITLE: Use of Salmonella Typhimurium Enterobacterial Common Antigen 
Mutants as a Vaccine and Vehicle for Heterologous Antigen Delivery (Mice/Mus 
musculus) 

GRANT TITbE (if diffe~nt from abovet: Salmonella Typhimurium Mutants as a 
Vaccine and Heterologous Antigen Delivery System 

USUHS PROJECT ~UMBER:l_(b)_(6_l --~ .... 
FUNDING AGENCY: USU HS 

EARLIEST ANTICIPATED FUNDING START DATE: 10/1 /2014 

PRINCIPAL INVESTIGATOR: 101
\
01 I Ph.D. 

-rn:;lDm"")lD) ~~~~~~~~-\-~~~~~~====.I 

1(6)(6) I 
o,partment Office/Lab Telephone 

ro[ J-ei 6 'f 
Date Principal Investigator Signature 

SCIENTJFIC REVIEW: This animal use proposal received appropriate peer scientific 
review and is consistent with ood scientific researcll practice. 

(b) 

116~6) 
Telephone 

STATISTICAL REVIEW: A person knowledgeable in biostatistics rev~ewed this 
proposal to ensure that the number of animals used is· appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 

J~ -------------~~~ ~p_>t6_)~~~--~~~--i.........~ 
Statistician Smo'iQ'"n"""atu-.r .... e __ ..... Department T elephooe 
Typed Nami<DJ{6) !Ph.D. 

ATTENDING VETEIFUNARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that niay cause more than slight or momentary pain or distress, ever'I if 
re!Deved by anesthetics 1or analgesics. 

(b)(6) 

~n Signature 
DVM 
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ANIMAL PROTOCOL NUMBER: r_b)_<
6
_1 ---

PRINCIPAL INVESTIGA.TOR.:(._!b_l<6_> ------'Ph.D. 

ANIMAL PROTOCOL TITl.E: Use of Salmonella Typhimurium Enterobacterial 
Common Antigen Mutants as a Vaccine and Venicte for Heteralogous Antigen Delivery 
(Mice/Mus musculus) 

SiaANI TITLE (if different from al:)OJle_); Salmonella Typhimurium Mutants as a 
vacolne and Heterologous Antigen Delivery System 

USliJHS PROJECT NUMBEB_l<
6
_1<
6

_> ----

CQ-INVESTIGATQR(S}: 

TECtfttlCIAttSCS\: ..... l16
_l<
6
_> _________ ____. 

I. N~O~E.CJ:INlCA_LSY_HOl!_SJS.; Most infecti<>us diseases Initiate at mucus 
membrane surfaces and 1 5~20 million adults and children acquire or die of these types 
of infections annually. Salmonella spp. are a group of bacteria that causes diverse 
mucosal infections, Among this group. Salmonelta enterica serovar Typnimurium (S. 
Typhimuriunn) is one of the most prominent strain:s to cause irllfection. As, we assumed 
that this knowledge could help with the design of effective vaccines to prevent 
Salmonella infeetioris. our previous studies sought to identify genes of the bacterium 
that were important for surviving in the host and causing disease. We identified a 
glycolipid known as ECA, whlch is ubiquitously found on the surface of S. Typhimurlum 
as well as other closely related bacteria. We showed that ECA negative mutant strains 
did noa cause disease in mice; however rather than being cleared from fhe animals. 
these mutant strains set up a persistent infection that lasts for long periods of time. 
Exdtingly, immunization of mice with ECA negative mutant sfrains provided protection 
against a subsequent !lethal challenge with wild type S. Typhimurium. Thus. ECA 
nega1tiv,e strains of Salmonella may be useful as live-attenuated vaccine strains, or as 
vehicles for deliVery of vaccine candidates from other bacteria. The goal of the current 
proposal is to further analyze the potential usefUll"less of these strains. Specifically, we 
anticipate that our studies will: 1) provide in.sights into the efficacy of these vaccines to 
irnduce protection to other closely related bacterial species, and 2) provide functional 
data that support our hypothesis that these ECA mutants will be effective carriers for 
antigens from other bacteria. 

II. BACKGROUND: 

11.1. Ba:e_kground~ Given that the human gastrointestinal mucosa is very large and 
that ~he acqruisition of most infectious diseases occurs at mucosa! surfaces, it is, not 
surprising that 15-20 million adults and children acquire or die of mucosal infections 
annuaiuy. Salmonella is one bacterial genus that causes diverse mucosal infections. In 
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the United States, non-typhoidal Salmonella spp. cause an estimated 1 .4 million cases 
of salmonellosis annually and account for greater than 500 deaths per year. Salmonella 
enterica serovar Typhimurium (S. Typhimurium) is one of the most prominent strains. 
Economically, it has been estimated that Salmonellosis costs up to $50 million per year 
in the U.S. as a result of medical expenses and work absences. This issue is 
particular1y relevant to the military because of the necessity to safely feed our troops; 
many of our troops are stationed in countries with underdeveloped health and hygiene 
practices so that food preparation is a particular health issue, as is a source of clean 
water. 

To understand the dynamic and complex interactions between the human host and 
Salmonella so that treatment modalities and therapeutic strategies can be developed, both 
virulence determinants of the pathogen and the relevant host factors must be identified and 
analyzed. One experimental approach to resolving and combating Salmonella infections 
is to develop efficacious vaccines. Effective vaccines can be generated by identification 
of virulence factors on the bacterium and constructing mutants that do not express these 
molecules. 

We have identified mutants of a Salmonella cell surf ace virulence factor that appear to 
be efficacious live vaccine candidates. Specifically, S. Typhimurium, a Gram-negative 
enteric bacterium and a member of the Enterobacteriacae family, expresses the cell 
surface glycolipid that is ubiquitous among all family members: the phophoglyceride
linked Enterobacterial common antigen (ECAPG}. We have shown that ECA negative 
mutant strains were severely attenuated for virulence when inoculated into mice. 
However, rather than being cleared from the animal, these mutant strains set up a 
persistent infection that is maintained for up to 70 days post infection, which was 
the latest day we monitored colonization. Eltcitingly, immunization of mice with 
ECA negative mutant strains provided protection against a subsequent lethal oral or 
intraperitoneal challenge with wild type S. Typhimurium. Thus, our goal is to investigate 
usefulness of ECA negative strains of Salmonella as live-attenuated vaccine strains, or 
as vehicles for heterologous antigen expression. 

11.2. Literature Search for Puol!cat!on: 

11.2.1. Literature Source(s) Searched: The DoD Biomedical Research Database 
(BRO), NIH Research Portfolio Online Reporting Tools (RePORTER}, and PubMed 
(includes Medline) were searched. 

11.2.2. Date of Search: 2 September 2014 

11.2.3. Perjod of Search: DoD BRD -1998-2009; NIH RePORTER - 1986-2014; 
Pubmed 1950-2014 

11.2.4. Key Words and Search Strategy: Included Salmonella, S. Typhimurium, mice, 
vaccine, ECA 

11.2.5. Results of Search: From the BRO database, the search terms .. Salmonella and 
vaccine", us. Typhimurium and vaccine", and "S. Typhimurium and mice" retrieved 28, 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 



13, and 11 studies, respectively. Several of the retrieved studies were performed at 
USUHS and provided the foundational research for the work proposed herein. The 
remaining studies did not duplicate this research protocol. 

A search of the NIH RePORTER database using the terms "Salmonella and 
vaccine", "S. Typhimurium and vaccine~, and "Salmonella and mice" returned 77, 20. 
and 137 studies, respectively. Several of these studies investigate the varying vaccine 
capabilities of Salmonella; however. none of the studies employ ECA mutants nor do 
they over1ap the experiments proposed herein. 

A PubMed (Medline) search using the search terms "Salmonella and vaccine", "S. 
Typhimurium and vaccine~. and "Salmonella and mice" returned thousands of articles. 
However, none appear to be investigating the potentlal of ECA negative S. Typhimurium 
strains as vaccine candidates. Adding the term "ECA" to the "Salmonella and vaccine" 
search narrowed the results to 5 articles. One of these was a study published by our lab 
about our ECA negative strain as a vaccine candidate. The other 4 articles did not use 
ECA negative strains as potential vaccines. 

Ill. OBJECTIVE\HYPOTHESIS: The goal of this protocol is to analyze the potential 
usefulness of ECA negative S. Typhimurium strains as vaccine candidates. 
Specifically, we anticipate that our studies will: 1) provide insights into the efficacy of 
these vaccines to induce protection to other Enterobacteriaceae family members, and 2) 

IV. MILITARY RELEVANCE: S. Typhimurium, as well as other enteric bacterial 
infections, are and have been responsible for morbidity and mortality of troops stationed 
in countries with underdeveloped health and hygiene practices. Thus, the development 
of efficacious vaccines is vital to resolving and combating Salmonella infections, thereby 
reducing the morbidity and mortality associated with these infections. 

V. MATERIALS ANO METHODS: 

V.1. Exoerjmental Design and General Procedures: 

V .1.1. Experiment 1: Determination of cross-protection conferred by vaccination 
with ECA negative strains of S. Typhimurium. 

Rationale: To date, our studies show that ECA negative S. Typhimurium strains 
provide protection against lethal challenge with the wildtype strain from which the 
mutants were derived. However, it is currently unclear if this protection extends across 
strains or species. Therefore, groups of C578U6 mice will be vaccinated with ECA 
negative derivatives of TML or SL 1344, each of which are well-characterized clinical 
isolates. Vaccinated animals will subsequently be challenged with a typically lethal dose 
of wildtype derivatives of the strain not used for vaccination. Additionally, we will test the 
ability of the ECA negative strains to protect against challenge with S. Enteritidis, which 
is able to infect mice but expresses a different 0-antigen. 
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Procedure: Single strain vaccination assays of female C57BU6 mice will be 
performed according to published procedures using orogaslric and intraperitoneal 
(IP) administration of ECA negative S. Typhimurium strains (Michetti, Pet al. Infect. 
lmmun. 60(5): 1786, 1992; Schmitt, CK et al. J. Bacteria/. 176(2): 368, 1994: Schmitt, 
CK et al. J. Bacterial. 178(10): 2911, 1996; Lawley, TD et al. PLoS Pathog. 2(2): 
e11, 2006; Lawley, TD et al. Infect. lmmun. 76(1 ):403, 2008). Vaccinated animals 
will subsequently be challenged with a lethal dose of wildtype derivatives of the 
S. Typhimurium strain not used for vaccination or a wildtype S. Enteritidis strain. 
The animals will be grouped into three immunization and challenge combinations: 
oral immunization with oral challenge, IP immunization with oral challenge, and IP 
immunization with IP challenge. Animals will be immunized with either the ECA-TML 
strain, the ECA- SL 1344 strain, or PBS, and then subsequently challenged with either 
wildtype TML, wildtype SL 1344, or wildtype S. Enteritidis. 

Prior to orogastric administration of bacteria, animals will be fasted (food withheld 
but not water) for 2 hours prior to infection and then infected orogastrically with either 
PBS or a dose of one of the EGA mutant strains that was previously shown to provide 
protection against lethal challenge. Orogastric infection will be accomplished by 
passing a straight or curved stainless steel atraumatic ball-tipped gavage needle (20 
gauge x 1-1/2) into the terminal esophagus or the stomach. This can be done quickly 
and safely under manual restraint by trained individuals. Because the entire path from 
the open mouth of the rodent to the nonglandular portion of the stomach is covered 
by a thick and resistant keratinized epithelium, injury is very rare. Gavage guarantees 
that the fluid suspension of bacteria is delivered to the stomach rather than being spit 
out or being inhaled {which could cause aspiration pneumonia). This is an important 
point since aspiration could lead to pulmonary infection. Dosing volumes of 0.1-0.2 ml 
(based on animal weight not to exceed 1 Oml/kg) will be used in the mice as this is well
tolerated. Animals will be observed immediately after dosing and then periodically over 
the next few minutes to ascertain that there is no sign of aspiration or trauma before 
they are returned to their cages. Dosed animals will be maintained without food or water 
for a period of at least 1 hour but not more than 2 hours to permit gastric processing of 
the PBS or bacterial suspension. but then will be returned to a normal diet thereafter. 

A separate group of animals will be vaccinated via intraperitoneal injection with 
either PBS or a dose of one of the ECA mutant strains that was previously shown to 
provide protection against lethal challenge. The animals will receive 50-200 µL of PBS 
or bacterial suspension using 23-25 gauge needles following alcohol preparation of the 
site for injection. Animals will be monitored for at least 1 hour but not more than 2 hours 
after dosing for any signs of distress. 

Fecal pellets will be collected on a weekly basis for PBS and ECA- vaccinated 
animals. Briefly, mice will be placed individually in a clean, empty cage until a fecal 
pellet is passed. The fecal pellet will be collected into a clean microcentrifuge tube 
for processing. The mouse will be returned to its cage, minimizing its disruption and 
discomfort. 

Blood samples will be collected via standard tail vein bleeds from each group of 
vaccinated animals 1 day prior to challenge without the use of anesthesia. For these 
bleeds, a 26 gauge needle will be used. Mice will be weighed prior to the bleed to 
calculate the total circulating volume based on the approximation of 58.5mL total blood 
volume per kg, and the blood volume collected will not exceed 10% of the calculated 
total blood volume of the animal. Serum will then be collected from these samples and 
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used to monitor antibody titers using ELISA assays. 
The orogastrically and intraperitoneally vaccinated animals will be challenged 30 

days post-immunization using the oral gavage and IP injection methods as described 
above. The animals will be challenged with either wild-type S. Typhimurium TML 
or SL 1344 strains or wildtype S. Enteritidis. The challenged animals will be initially 
monitored every 8 hours during the first week for mortality and onset of end-stage 
disease symptoms, including hunched poster, ruffled fur, weight loss, and poor mobility. 
The monitoring will continue once per day for an additional 23 days until the 30-day 
post-challenge time point is reached.Animals surviving at the 30-day timepoint will 
undergo tenninal cardiac bleeding to assess antibody titers. For this, the animals will be 
placed in a compressed gas C02 inhalation chamber and observed. The chamber will 
not be overcrowded. Cytinderized carbon dioxide with a pressure gauge and flowmeter 
will be used as the source of carbon dioxide. With animals in the chamber. the flow 
rate of C02 will displace at least 20% of the cage volume per minute as indicated on 
the flowmeter. Animals will be watched to ensure that they are lying down and that 
their purposeful movements have stopped. The anesthesia cage will be opened and the 
animal will be checked for response to toe pinch. If animal responds to toe pinch, the 
lid of the chamber will be closed and carbon dioxide flow will continue until the animal 
is adequately anesthetized as indicated by lack of response to toe pinch. If there is no 
response to toe pinch then the carbon dioxide flow will be stopped. Animals will then 
be Quickly removed from the chamber and a 22 or 23 gauge needle on a syringe will be 
used to pierce the thoracic wall and the chamber of the heart. At this point, the animal 
is narcotized (anesthetized) by C02. After sufficient blood is obtained, the needle will be 
removed and the animal will immediately be euthanized by cervical dislocation. In most 
cases, death will already have occurred by exsanguination. 

As detailed below, we will need 216 mice to complete the experiment outlined 
above, and the study will be repeated once to verify obtained results. In addition, we 
reQuest 10% extra animals for unforeseen problems. 
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T.a: 216 216 

Experiment totals: 
[2 immunization straihs X 3 immunization/challenge route combihations X 3 
challenge strains X 8 animals per group= 144 animals, 1 mock- immunized group X 3 
immunization/challenge route combinations X 3 challenge strains X 8 animals per group 
= 72 animals; 144 + 72 = 216 animals x 2 (biological repeats)= 432 animals] 
Additional animals (-10'%) = 43 mice 
Grand total of animals requested for Experiment #1 = 475 mice 

V.1.2 . .Experimeot..:#2: Determine whether ECA negati\le strains of S. Typhimurium 
can be utilized as a vehiGle for heterologous antigen delhrery. 

Rationaie: Numerous lines of research suggest that the ability to utilize attenuated 
bacterial strains .as vehicles for delivery of foreign antigens is an attractive means of· 
developing novel vaccines. Moreover, regulated delayed antigen synthesis (RDAS) 
systems for us@ in recombinant attenuated Safmonella vaccine (RASV) strains have 
been shown to enhance downstream irTHfiune responses due to a reduction in the 
adverse effects of high-levels of antigen synthesis. To determine whether or not ECA 
negative strains can be utilized to this end, we will investigate the delivery of two 
potent!al heterologous antigens. Groups of BALB./c animals will be vaccinated with 
ECA negative strains bearing RDAS vectors encoding the Streptococcus pneumoniae 
PspA protein (carried on pPspA) or expressing the 0 antigen portion of Pseudomonas 
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aeruginosa LPS (carried on pLPS2). Importantly. these two antigens were chosen 
because prior studies in different RASV strains have shown that appropriate delivery of 
these antigens provides protection against S. pneumoniae and P. aeruginosa challenge, 
respectively. 

Procedure: 
Single strain vaccination assays of female BALB/c mice will be performed according 

to published procedures using orogastric and intraperitoneal (IP) administration of the 
ECA negative SL 1344 S. Typhimurium strain, an ECA negative SL 1344 strain carrying 
either pLPS2 or pPspA, or PBS. Vaccinated animals will subsequently be challenged 
with a lethal dose of wildtype SL 1344 S. Typhimurium, wildtype S. pneumoniae, or 
wildtype P. aeruginosa. 

Prior to orogastric administration of bacteria, animals will be fasted (food withheld 
but not water) for 2 hours prior to infection and then infected orogastrically with either 
the ECA negative SL 1344 S. Typhimurium strain, an ECA negative SL 1344 strain 
carrying either pLPS2 or pPspA, or PBS. Orogastric infection will be accomplished by 
passing a straight or curved stainless steel atraumatic ball-tipped gavage needle (20 
gauge x 1-1/2) into the terminal esophagus or the stomach. This can be done quickly 
and safely under manual restraint by trained individuals. Because the entire path from 
the open mouth of the rodent to the nonglandular portion of the stomach is covered by 
a thick and resistant keratinized epithelium, injury is very rare. Gavage guarantees that 
the fluid suspension of bacteria is delivered to the stomach rather than being spit out or 
being inhaled (which could cause aspiration pneumonia). Dosing volumes of 0.1-0.2 ml 
(based on animal weight not to exceed 1 Oml/kg) will be used in the mice as this is well
tolerated. Animals will be observed immediately after dosing and then periodically over 
the next few minutes to ascertain that there is no sign of aspiration or trauma before 
they are returned to their cages. Dosed animals will be maintained without food or water 
for a period of at least 1 hour but not more than 2 hours to permit gastric processing of 
the PBS or bacterial suspension, but then will be returned to a normal diet thereafter. 

In addition, a separate group of animals will be vaccinated via intraperitoneal 
injection with either the ECA negative SL 1344 S. Typhimurium strain, an ECA negative 
SL 1344 strain carrying either pLPS2 or pPspA, or PBS. The animals will receive 50-
200 µL of PBS or bacterial suspension using 23-25 gauge needles following alcohol 
preparation of the site for injection. Animals will be monitored for at least 1 hour but not 
more than 2 hours after dosing for any signs of distress. 

The orogastrically and intraperitoneally vaccinated animals will be challenged 30 
days post-immunization. The animals will be challenged with eitherwildtype SL 1344 
S. Typhimurium, wildtype S. pneumoniae. or wild type P. aeruginosa. S. typhimurium 
will be delivered via oral gavage, while S. pneumoniae and P. aeruginosa will be 
delivered as a bacterial suspension that is placed into the external nares of the animals. 
For these infections, mice will be anesthetized by intraperitoneal administration of 
a freshly prepared mixture of ketamine hydrochloride (65 mg/kg) and xylazine (10 
mg/kg) in a 200uL volume. After anesthesia, mice will be held upright and 25uls of 
bacterial suspension will be placed within each nostril (50 uls total). This suspension is 
subsequently inhaled by the animals and results in inhalational pneumonia. Following 
anesthesia, the mice are placed on their backs next to each other and monitored until all 
have recovered from the anesthesia. 
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Fecal pellets will be collected on a weekly basis for PBS and ECA- vaccinated 
animals. Briefly. mice will be placed individually in a clean, empty cage until a fecal 
pellet is passed. The fecal pellet will be collected into a clean microcentrifuge tube 
for processing. The mouse will be returned to its cage, minimizing its disruption and 
discomfort. 

Blood samples will be collected via standard tail vein bleeds from each group of 
vaccinated animals 1 day prior to cnallenge. For these bleeds, a 26 gauge needle will 
be used. Mice will be weighed prior to the bleed to calculate the total circulating volume 
based on the approximation of 58.SmL total blood volume per kg, and the blood volume 
collected will not exceed 10% of the calculated total blood volume of the animal. Serum 
will then be collected from these samples and used to monitor antibody titers against S. 
pneumoniae PspA and P. aeruginosa 0 antigen using ELISA assays. The challenged 
animals will be initially monitored every 8 hours during the first week for mortality and 
onset of end-stage disease symptoms, including hunched poster, ruffled fur, weight 
loss, and poor mobility. The monitoring will continue once per day for an additional 23 
days until the 30-day post-challenge time point is reached. Animals surviving at the 30-
day timepoint will undergo terminal cardiac bleeding to assess antibody titers. For this, 
the animals will be placed in a compressed gas C02 inhalation chamber and observed. 
The chamber will not be overcrowded. Cylinderized carbon dioxide with a pressure 
gauge and flowmeter will be used as the source of carbon dioxide. With animals in the 
chamber, the flow rate of C02 will displace at least 20% of the cage volume per minute 
as indicated on the flowmeter. Animals will be watched to ensure that they are lying 
down and that their purposeful movements have stopped. The anesthesia cage will be 
opened and the animal will be checked for response to toe pinch. If animal responds 
to toe pinch, the lid of the chamber will be closed and carbon dioxide flow will continue 
until the animal is adequately anesthetized as indicated by lack of response to toe 
pinch. If there is no response to toe pinch then the carbon dioxide flow will be stopped. 
Animals will then be quickly removed from the cnamber and a 22 or 23 gauge needle on 
a syringe will be used to pierce the thoracic wall and the chamber of the heart. At this 
point. the animal is narcotized (anesthetized) by C02 . After sufficient blood is obtained, 
the needle will be removed and the animal will immediately be euthanized by cervical 
dislocation. In most cases, death will already have occurred by exsanguination. 

As detailed below, we will need 128 mice to complete the experiment outlined 
above, and the study will be repeated once to verify obtained results. In addition, we 
request 10% extra animals for unforeseen problems. 
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Experiment totafls; 
11 immunization strain X 2 immunization routes X 3 challenge strains X 8 animals per 
group = 4'.8 animals. ~ mock-immunized group X 2 immunization routes X 3 challenge 
strains X 8 anima11s per group = 48 animals, 2 heterologoos delivery strains X 2 
immuniza~ion routes X 8 animals per group = 32 animals; 48 + 48 + 32 = 128 animals x 
2 (1b:iological repeats)= 256 animals) 
Addituonal animals (-10%) = 26 mice 
Grand total of animals requested for Experiment #2 = 282 mice 

V.1.3 experiment #3: Test tl1e ability of an ECA- strain of s. Typhhnurium to 
ptotect against letharl challenge with other S. TyphimurhJm strains. 

Rationale: To date, our data indicate that intraperitoneal or orogastric vaccination 
wi~h alfl SL 1344 ECA- straii'll is able to provide complete protection from subsequent 
oral challen,ge with the wildtype S. Typhimurium TML strain. The dose of iML used 
for the challenge was 5.00E+04 , which represents the approximate oral LD50 for 
this strain, Therefore. we need to validate our preliminary findings and determine the 
limits of protection. Therefore, groups of C57BU6 mice will be inoculated with PBS 
or vaccinated with arn ECA negative derivative of S. Typhimurium strain SL 1344. 
The vaccinated animals will subsequently be challenged intaperitoneally with a dose 
equivalent to 1, 10, 100 or 1000 times the LD50 of the wildtype SL 1344, TML or L T2 
strains 1of S. Typhimurium. Extending our studies to higher doses of SL 1344 and TML 
and indluding .another well-studied virulent S. Typhimurium strain wm allow us to make 
broader stateme.nts about the protection that we observe. 

Protedure: Single strain vaccination assays of female C578l/6 mice will be 
performed according to published procedures using orogastric and intraperitoneal 
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(IP) administration of ECA negative S. Typhimurium strains (Michetti, P et al. Infect. 
tmmun. 60(5): 1786, 1992; Schmitt, CK et af. J. Bacterial. 176(2): 368, 1994; Schmitt, 
CK et al. J. Bacterial. 178(10): 2911, 1996; Lawley, TD et al. PLoS Pathog. 2(2): 
e11, 2006; Lawley, TD et al. Infect. lmmun. 76(1 ):403, 2008). Vaccinated animals 
will subsequently be challenged with varying doses of wildtype derivatives of S. 
Typhimurium SL 1344, TML or LT2. The animals will be grouped into two immunization 
and challenge combinations: oral immunization with IP challenge and IP immunization 
with JP challenge. Animals will be immunized with either the ECA- SL 1344 strain or 
PBS, and then subsequently challenged with either wildtype SL 1344, TML or L T2. 

Prior to orogastric administration of bacteria, animals will be fasted (food 
withheld but not water) for 2 hours prior to infection and then infected orogastrically with 
either PBS or a dose of the ECA- SL 1344 strain that was previously shown to provide 
protection against lethal challenge. Orogastric infection will be accomplished by passing 
a straight or curved stainless steel atraumatic ball-tipped 20 gauge gavage needle into 
the terminal esophagus or the stomach. Th~s can be done quickly and safely under 
manual restraint by trained individuals without the use of anesthesia. Because the entire 
path from the open mouth of the rodent to the nonglandular portion of the stomach is 
covered by a thick and resistant keratinized epithelium, injury is very rare. Gavage 
guarantees that the fluid suspension of bacteria is delivered to the stomach rather than 
being spit out or being inhaled (which could cause aspiration pneumonia). This is an 
important point since aspiration could lead to pulmonary infection. Dosing volumes of 
0.1-0.2 ml (based on animal weight not to exceed 10ml/kg) will be used in the mice as 
this is well-tolerated. Animals will be observed immediately after dosing and then 
periodically over the next few minutes to ascertain that there is no sign of aspiration or 
trauma before they are returned to their cages. Dosed animals will be maintained 
without food or water for a period of at least 1 hour but not more than 2 hours to permit 
gastric processing of the PBS or bacterial suspension, but then will be returned to a 
normal diet thereafter. 

A separate group of animals will be vaccinated via intraperitoneal injection with 
either PBS or a dose of one of the ECA mutant strains that was previously shown to 
provide protection against lethal challenge. The animals will receive 50-200 µL of PBS 
or bacterial suspension using 23-25 gauge needles following alcohol preparation of the 
site for injection. Animals will be monitored for at least 1 hour but not more than 2 hours 
after dosing for any signs of distress. 

Fecal pellets will be collected on a weekly basis for PBS and ECA- vaccinated 
animals. Briefly, mice will be placed individually in a clean, empty cage until a fecal 
pellet is passed. The fecal pellet will be collected into a clean microcentrifuge tube 
for processing. The mouse will be returned to its cage, minimizing its disruption and 
discomfort. Blood samples will be collected via standard tail vein bleeds from each 
group of vaccinated animals 1 day prior to challenge without the use of anesthesia. For 
these bleeds, a 26 gauge needle will be used. Mice will be weighed prior to the bleed to 
calculate the total circulating volume based on the approximation of 58.5ml total blood 
volume per kg, and the blood volume collected will not exceed 10% of the calculated 
total blood volume of the animal. Serum will then be collected from these samples and 
used to monitor antibody titers using ELISA assays. 

The orogastrically and intraperitoneally vaccinated animals will be 
challenged 30 days post-immunization using the IP injection methods as described 
above. The animals will be challenged with wild-type S. Typhimurium SL 1344, TML or 
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l T2. The challenged animals will be initially monitored every 8 hours during the first 
week for mortality and onset of end-stage disease symptoms, including hunched poster, 
ruffled fur, weight loss. and poor mobility. The monitoring will continue once per day for 
an additllonal 23 days until the 30-day post-challenge time point is reached, Animals 
surviving at the 30~ay t imepoint will undergo terminal cardiac bleeding to assess 
antibody titers. For this, the animals will be placed in a compressed gas C02 inhalation 
chamber and observed. The chamber wlll not be overcrowded. Cylinderized carbon 
dioxide with a pressure gauge and flowmeter will be used as the source of carbon 
dioxide. Wi~h animals in the chamber, the now rate of C02 will displace at least 20% of 
~he cage volume per minute as indicated on the tlowmeter. Animals will be watched to 
ensure Vhat they are lying down and that their purposeful movements have stopped. 
The anesthesia cage will be opened end the animal will be checked for response to toe 
pinch. If arfimal responds to toe pinch, the lid of the chamber Will be closed and carbon 
dioxide flow will conUnue until the animal is adequately anesthetized as indicated by 
lack of response to toe pinch. If there is no response to toe pinch then the carbon 
dioxide flow will be stopped. Animals will then be quickly removed from the chamber 
and a 22 or 23 gauge ineedle on a syringe will be used to pierce the thoracic wall and 
the chamber of the heart. At this point, the animal is narcotized (anesthetized) by C02. 
After suifficient !blood is obtained, the needle will be removed and the animal will 
immediately roe euthanized by cervical dislocation. In most cases, death will already 
have occurred by exsanguination. 

As detailed below, we will need 480 mice to complete the experiment outlined 
above, and the study will be repeated once to verify obtained results, In addition, we 
request 10% extra animals for unforeseen ~oblems. 
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Experiment totals: 
[1 immunization strain X 2 immunization/challenge route combinations X 3 challenge 
strains X 4 doses X 10 animals per group= 240 animals. 1 mock-vaccinated group X 
2 immunization/challenge route combinations X 3 challenge strains X 4 doses X 10 
animalls per group = 240 animals; 240 + ~40 = 480 animals X 2: (biological repeats) ::: 
960 animals] 
Additional animals (-10%) = 96 mice 
Gra111d total of animals requested for Experiment #3 = 1,056 mice 

V.1 ~4. Experimernt #4~ Test the ability of a ECA· strain of S. Typhlmurlum to 
protect against lethal challenge with ·other Salmonella serovars. 
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Rationale: To date, our data indicate that intraperitoneal vaccination with the ECA
strain SL 1344 is able to provide partial protection against challenge with greater than 
10,000 LOSO of the S. Enteriditis R11 strain. While no protection was seen from animals 
that were vaccinated orally, we did observe a slight but insignificant increase in the 
MTD (mean time to death} of the vaccinated animals. To validate our preliminary IP 
findings and determine whether higher levels of protection can be obtained using 
decreased doses of the R 11 challenge strain. we will repeat these studies. Additionally 
we will explore cross protection against two other common Salmonella serovars. 
Therefore, groups of CS7BL/6 mice will be inoculated with PBS or vaccinated with an 
ECA negative derivative of SL 1344 and subsequently challenged intaperitoneally with 
a dose equivalent to 1, 10, 100 or 1000 times the LOSO of wildtype R 11 S. Enteriditis, 
S. Stanleyville strain J65 or the S. Dublin strain R17. This expansion of our studies will 
allow us to make broader statements about the protection that we observe. 

Procedure: Single strain vaccination assays of female CS7BL/6 mice will be 
performed according to published procedures using orogastric and intraperitoneal (IP) 
administration of PBS and ECA negative S. Typhimurium strains {Michetti, P et al. 
Infect. lmmun. 60(S): 1786, 1992: Schmitt, CK et al. J. Bacterial. 176(2): 368, 1994; 
Schmitt, CK et al. J. Bacterial. 178(10): 2911, 1996; Lawley. TD et al. PLoS Pathog. 
2(2): e11, 2006; Lawley, TD et al. Infect. lmmun. 76(1 ):403, 2008). Vaccinated animals 
will subsequently be challenged with varying doses of wildtype derivatives of R11 S. 
Enteriditis, J6S S. Stanleyville or R17 S. Dublin. The animals will be grouped into two 
immunization and challenge combinations: oral immunization with IP challenge and IP 
immunization with IP challenge. Animals will be immunized with either the ECA- SL 1344 
strain or PBS, and then subsequently challenged with either R11 S. Enteriditis, J6S S. 
Stanleyville or R17 S. Dublin. 

Prior to orogastric administration of bacteria, animals will be fasted (food 
withheld but not water} for 2 hours prior to infection and then infected orogastrically with 
either PBS or a dose of the ECA- SL 1344 strain that was previously shown to provide 
protection against lethal challenge. Orogastric infection will be accomplished by 
passing a straight or curved stainless steel atraumatic ball-tipped 20 gauge gavage 
needle into the terminal esophagus or the stomach. This can be done quickly and safely 
under manual restraint by trained individuals without the use of anesthesia. Because 
the entire path from the open mouth of the rodent to the nonglandular portion of the 
stomach is covered by a thick and resistant keratinized epithelium, injury is very rare. 
Gavage guarantees that the nuid suspension of bacteria is delivered to the stomach 
rather than being spit out or being inhaled (which could cause aspiration pneumonia). 
This is an important point since aspiration could lead to pulmonary infection. Dosing 
volumes of 0.1-0.2 ml (based on animal weight not to exceed 10mUkg) will be used in 
the mice as this is well-tolerated. Animals will be observed immediately after dosing 
and then periodically over the next few minutes to ascertain that there is no sign of 
aspiration or trauma before they are returned to their cages. Dosed animals will be 
maintained without food or water for a period of at least 1 hour but not more than 2 
hours to permit gastric processing of the PBS or bacterial suspension, but then will be 
returned to a normal diet thereafter. 

A separate group of animals will be vaccinated via intraperitoneal injection with 
either PBS or a dose of one of the ECA- SL 1344 strain that was previously shown to 
provide protection against lethal challenge. The animals will receive S0-200 µL of PBS 
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or bacterial suspension using 23-25 gauge needles following alcohol preparation of the 
site for injection. Animals will be monitored for at least 1 hour but not more than 2 hours 
after dosing for any signs of distress. 

Fecal pellets will be collected on a weekly basis for PBS and EGA- vaccinated 
animals. Briefly, mice will be placed individually in a clean, empty cage until a fecal 
pellet is passed. The fecal pellet will be collected into a clean microcentrifuge tube 
for processing. The mouse will be returned to its cage, minimizing its disruption and 
discomfort. Blood samples will be collected via standard tail vein bleeds from each 
group of vaccinated animals 1 day prior to challenge without the use of anesthesia. For 
these bleeds, a 26 gauge needle will be used.Mice will be weighed prior to the bleed to 
calculate the total circulating volume based on the approximation of 58.Sml total blood 
volume per kg, and the blood volume collected will not exceed 10% of the calculated 
total blood volume of the animal. Serum will then be collected from these samples and 
used to monitor antibody titers using ELISA assays. 

The orogastrically and intraperitoneally vaccinated animals will be 
challenged 30 days post-immunization using the IP injection methods as described 
above. The animals will be challenged with wild-type R11 S. Enteriditis, J65 S. 
Stanleyville or R17 S. Dublin. The challenged animals will be initially monitored every 8 
hours during the first week for mortality and onset of end-stage disease symptoms, 
including hunched poster, ruffled fur, weight loss, and poor mobility. The monitoring will 
continue once per day for an additional 23 days until the 30-day post-challenge time 
point is reached. Animals surviving at the 30-day timepoint will undergo terminal cardiac 
bleeding to assess antibody titers. For this, the animals will be placed in a compressed 
gas C02 inhalation chamber and observed. The chamber will not be overcrowded. 
Cylinderized carbon dioxide with a pressure gauge and flowmeter will be used as the 
source of carbon dioxide. With animals in the chamber, the flow rate of C02 will 
displace at least 20% of the cage volume per minute as indicated on the flowmeter. 
Animals will be watched to ensure that they are lying down and that their purposeful 
movements have stopped. The anesthesia cage will be opened and the animal will be 
checked for response to toe pinch. If animal responds to toe pinch, the lid of the 
chamber will be closed and carbon dioxide flow will continue until the animal is 
adequately anesthetized as indicated by lack of response to toe pinch. If there is no 
response to toe pinch then the carbon dioxide flow will be stopped. Animals will then be 
quickly removed from the chamber and a 22 or 23 gauge needle on a syringe will be 
used to pierce the thoracic wall and the chamber of the heart. At this point, the animal is 
narcotized (anesthetized) by C02 . After sufficient blood is obtained, the needle will be 
removed and the animal will immediately be euthanized by cervical dislocation. In most 
cases, death will already have occurred by exsanguination. 

As detailed below, we will need 480 mice to complete the experiment outlined 
above, and the study will be repeated once to verify obtained results. In addition, we 
request 10% extra animals for unforeseen problems. 
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Experiment totals: 
[1 immunization strain X 2 immunization/challenge route combinations X 3 challenge 
strains X 4 doses X 10 animals per group= 240 animals. 1 mock-vaccinated group X 
2 immunization/challenge route combinations X 3 challenge strains X 4 doses X 10 
animals per group= 240 animals; 240 + 240 = 480 animals X 2 (biological repeats)= 
960 animals] 
Additional animals (-10%) = 96 mice 
Grand total of animals requested for Experiment #4 -= 1,056 mice 

V .1.5. Experiment #5: Detennlne If protection Is Induced In Immunodeficient 
animals 

Rationale: The data generated through Experiments #1, #2, #3, and #4 investigate the 
contribution of Salmonella specific antibodies to protection. Given that Salmonella is 
an intracellular pathogen, there is a good chance that both humoral and cell mediated 
responses may be involved in protection. Thus, we will also utilize animals deficient 
in various immunological components to determine whether both humeral and cell
mediated immunity is involved in protection. To this end, we will vaccinate animals that 
are deficient for these components with the ECA- SL 1344 strain and then determine 
whether protection is lost in the absence of the respective component. For animals that 
are deficient in T-cells we will utilize B6.129P2-Tcfblm1Mom Tcrc1m1Mom/J mice, which 
carry double mutations in T -cell receptor (TCR) beta and delta. For 8-cell deficient 
animals we will utilize B6.129S2-/ghm'm1C9n/J mice, which do not develop mature 8-
cells. Finally, since no macrophage deficient animals currently are available, B6.FVB
Tg(ITGAM-DTR/EGFP)34Lan/J mice, which carry a transgenic diphtheria toxin 
receptor from a "macrophage-specific" promoter will be used to deplete macrophages 
via administration of diphtheria toxin via established protocols. Groups of 4 animals 
from each immunodeficient group wlll be vaccinated orally with PBS or the ECA-
SL 1344 strain and followed as described above. 30 days post-vaccination, animals 
will challenged intraperitoneally with a dose equivalent to 10 LD50 of wildtype SL 1344. 
Mortality and morbidity will be monitored for 30 days. 

Procedure: Single strain vaccination assays of the immunodeficient mice will be 
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performed according to published procedures using orogastric administration of our 
ECA negative SL1344 S. Typhimurium strain or PBS {Michetti, P et al. Infect. lmmun. 
60(5): 1786, 1992; Schmitt. CK et al. J. Bacteriol. 176(2): 368. 1994; Schmitt, CK et 
al. J. Bacterial. 178(10): 2911, 1996; Lawley, TD et al. PLoS Pathog. 2(2): e11, 2006; 
Lawley, TD et al. Infect. lmmun. 76(1 ):403, 2008). Vaccinated animals will subsequently 
be challenged with a dose equivalent to 10 LD50 of wildtype SL 1344. 

Prior to orogastric administration of bacteria. animals will be fasted (food 
withheld but not water) for 2 hours prior to infection and then infected orogastrically with 
either PBS or a dose of the ECA- SL 1344 strain that was previously shown to provide 
protection against lethal challenge. Orogastric infection will be accomplished by 
passing a straight or curved stainless steel atraumatic ball-tipped 20 gauge gavage 
needle into the terminal esophagus or the stomach. This can be done quickly and safely 
under manual restraint by trained individuals without the use of anesthesia. Because 
the entire path from the open mouth of the rodent to the nonglandular portion of the 
stomach is covered by a thick and resistant keratinized epithelium, injury is very rare. 
Gavage guarantees that the fluid suspension of bacteria is delivered to the stomach 
rather than being spit out or being inhaled (which could cause aspiration pneumonia). 
This is an important point since aspiration could lead to pulmonary infection. Dosing 
volumes of 0.1-0.2 ml (based on animal weight not to exceed 10ml/kg) will be used in 
the mice as this is well-tolerated. Animals will be observed immediately after dosing 
and then periodically over the next few minutes to ascertain that there is no sign of 
aspiration or trauma before they are returned to their cages. Dosed animals will be 
maintained without food or water for a period of at least 1 hour but not more than 2 
hours to permit gastric processing of the PBS or bacterial suspension, but then will be 
returned to a normal diet thereafter. To deplete the macrophages, B6.FVB-Tg(ITGAM
DTR/EGFP)34Lan/J mice will be given diphtheria toxin via IP injection according to 
published procedures (Cailheir, JF et al. J. lmmunol. 174(4):2336, 2005). Briefly, twenty
four hours prior to vaccination, the animals will receive a dose of diphtheria toxin at 
25ng/g using 23-25 gauge needles following alcohol preparation of the site for injection. 
The diphtheria toxin will be diluted in PBS at a concentration of 2.5ng/ul such that the 
mice will be dosed with approximately 100-200ul. Animals will be monitored for at least 
1 hour but not more than 2 hours after dosing for any signs of distress. 

Fecal pellets will be collected on a weekly basis for PBS and ECA- vaccinated 
animals. Briefly, mice will be placed individually in a clean, empty cage until a fecal 
pellet is passed. The fecal pellet will be collected into a clean microcentrifuge tube 
for processing. The mouse will be returned to its cage, minimizing its disruption and 
discomfort. Blood samples will be collected via standard tail vein bleeds from each 
group of vaccinated animals 1 day prior to challenge without the use of anesthesia. For 
these bleeds, a 26 gauge needle will be used. Mice will be weighed prior to the bleed to 
calculate the total circulating volume based on the approximation of 58.5mL total blood 
volume per kg, and the blood volume collected will not exceed 10% of the calculated 
total blood volume of the animal. Serum will then be collected from these samples and 
used to monitor antibody titers using ELISA assays. 

The orogastrically vaccinated animals will be challenged 30 days post
immunization via IP injection. Briefly, the animals will receive 50-200 µL of the bacterial 
suspension using 23-25 gauge needles following alcohol preparation of the site for 
injection. Animals will be monitored for at least 1 hour but not more than 2 hours after 
dosing for any signs of distress. The animals will be challenged with a dose equivalent 
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to 10 times the LOSO of wildtype S. Typhimurium SL 1344. The challenged animals will 
be initially monitored every 8 hours during the first week for monality and onset of end
stage disease symptoms, including hunched poster, ruffled fur, weight loss. and poor 
mobility. The monitoring will continue once per day for an additional 23 days until the 30-
day post-challenge time point is reached. Animals surviving at the 30-day timepoint will 
undergo terminal cardiac bleeding to assess antibody titers. For this, the animals will be 
placed in a compressed gas C02 inhalation chamber and observed. The chamber will 
not be overcrowded. Cy1inderized carbon dioxide with a pressure gauge and flowmeter 
will be used as the source of carbon dioxide. With animals in the chamber. the flow rate 
of C02 will displace at least 20% of the cage volume per minute as indicated on the 
flowmeter. Animals will be watched to ensure that they are lying down and that their 
purposeful movements have stopped. The anesthesia cage will be opened and the 
animal will be checked for response to toe pinch. If animal responds to toe pinch, the 
lid of the chamber will be closed and carbon dioxide flow will continue until the animal is 
adequately anesthetized as indicated by lack of response to toe pinch. If there is no 
response to toe pinch then the carbon dioxide Row will be stopped. Animals will then be 
quickly removed from the chamber and a 22 or 23 gauge needle on a syringe will be 
used to pierce the thoracic wall and the chamber of the hean. At this point, the animal is 
narcotized (anesthetized) by C02. After sufficient blood is obtained, the needle will be 
removed and the animal will immediately be euthanized by cervical dislocation. In most 
cases, death will already have occurred by exsanguination. 

As detailed below, we will need 24 mice to complete the experiment outlined above, 
and the study will be repeated once to verify obtained results. In addition, we request 
10% extra animals for unforeseen problems. 

Experiment totals: 
[1 immunization strain X 3 types of immunodeficient mice X 4 animals per group = 12 
animals, 1 mock-vaccinated group X 3 types of immunodeficient mice X 4 animals per 
group= 12 animals; 12 + 12 = 24 animals X 2 (biological repeats)= 48 animals) 
Additional animals (-10%) = 5 mice 
Grand total of animals requested for Experiment #5 = 53 mice 

V.2. Pata Analysis: The percent protection will be calculated as well as meantime to 
death (MTD): MTD =the sum of all X values divided by the total number of mice dead, 
where Xis the days post-infection multiplied by the number of mice that died that day. 

The biological replicates will be pooled for data analysis such that n=16/group. Pooling 
the survival data allows us to detect a difference of 80% vs. 25% survival when 
employing a log-rank test with a 5%, two-sided significance level and 80% power. 
(Power calculations were performed using STATA version 12 software (stpower 
procedure) and were based on a method described in: Freedman, L. S. 1982. Tables 
of the number of patients required in clinical trials using the logrank test. Statistics in 
Medicine 1: 121-129.) 

V.3. Laboratory Animals Required and Justification: 
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V.3.1. Non~anima.I Alternatives_Cnns.id_er.e_d: Whenever possible, we test our 
Salmonella strains on tissue culture cells, Uhfortunately, in vitro tissue culture models 
are not appropriate for investigating the effecti11e11ess of potential vaccine candidates. 
AdditlonaUy, computer modeling programs are not suitable far predicting the 
irnmuni:~ation ability of bacterial strains, 

V.3.2. Animal Model and Species Justification: 
Mice were chosen for these studies for a variety of reasons: 1) genetically inbred 
anima!ls ,are required to effectively study immune responses and vaccine efficacy: 2} 
many animals are necessary to control the studies in a satisfactory manner; 3) mice are 
the least sentient species we can use to evaluate potential therapies. It is necessary, 
in this case to use in vivo models in order to effectively determine the usefulness of our 
strains in vaccination strategies. 

V.3.3. L.aboraktry Animals 

V.3.3.1, Genus & Spetjles: 

V.3.3.2. SjramlSlocJlc 

V.3.3.3.. Soutee&enw: 

V.3.3.4. &m· 

v .. 3.3.5, Weight: 

V.3 .3.6. m; 
v .3.3. 1. Spec_iaLC_onsider.ati:Oits.: 

Spe.cies #1 
Mus musculus 

C57BLl6; BALB/c; 
B6.129P2- TcrbtmtUam 
TcrrJimtMoirl/J; 
B6.129S2-/ghm11rncQn/ 

J: B6.FVB· Tg(ITGAM
OTR/EGFP)34l.an/J 

l(b)(4) 

6-8weeks 

18-20 grams 

Female 

V.3.4. Number of Animals Required (by Species): Mice = .2,9.22 

V.3.5. R1ef1nement, fieduction. Replacement (3 Rs); 

V.3.5.1. Rre.fin.em.ent: Animals are sedated and anesthetized by C02 inhalation to 
alleviate pain and distress prior to cervical dislocation. Additionally, we use the gavage 
procedure to infect the ,animals to minimize the possibility of aspiration pneumonia. 
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Whenever possible, visibly moribund mice will be euthanized rather than being 
monitored until the end of the observation period. 

V.3.5.2. Reduction: As many of our experiments involve infected animals or tissues. 
we do not participate in any shared tissue and/or control groups with other investigators. 
To reduce the number of animals necessary for the study proposed here, we have used 
the minimal number of animals required for biological and statistical significance. 

V.3.5.3. Replacement: Whenever possible, we will test our strains on tissue culture 
cells. Unfortunately, in vitro tissue culture models are not appropriate for revealing 
vaccine efficacy and are limited in the amount of information that they provide 
concerning host response to infection. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 lntormation: 

V.4.1.1.1. Number of Animals: 

Specjes#1 Species #2 

V.4.1 .1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1 .1.1.3. Column E: 2,922 

Malaise is often observed in mice injected with wildtype S. Typhimurium, while acute 
fatal pneumonia may occur in mice infected with S. pneumoniae or P. aeruginosa. The 
administration of our potential vaccine strains may prevent such response in animals 
challenged with wildtype strains. However, it is not possible to know how many animals 
will respond to the variables in the studies designed in this proposal, and thus, it is not 
possible to know how many mice will experience pain or distress. Thus, it is formally 
possible that all 2,922 mice could experience pain or distress. When animals become 
moribund indicated by severe changes in body weight (>20% weight loss (assessed 
daily) compared to controls or to the baseline), behavior, appetite, excretion, hair coat, 
etc., they will be euthanized. No analgesics will be given to mice post-challenge in 
these studies, since administration of analgesics confounds the results of virulence 
assessment assays. First, studies have shown that analgesics directly affect the 
immune response in various ways, including the inhibition of antibody production and 
the enhancement of bacterial killing (Bancos, S. et al. Cell lmmunol. 258(1 ):18-28, 
2009; Stables, M.J. et al. Blood. 116(16):2950-2959, 2010). Second, NSAID analgesics, 
including ibuprofen and diclofenac, have displayed anti-microbial activity against 
Salmonella (Al-Janabi, A.A. J Glob Infect Dis. 2(2):10~108, 2010; Dastidar, S.G. et al. 
Int J Antimicrob Agents. 14(3):249-51, 2000). In fact, the administration of diclofenac 
provided protection in mice against Salmonella challenge (Dastidar, S.G. et af. Int J 
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Antimicrob Agents. 14(3):249-51. 2000). Third, morphine administration increases 
the bacterial load in Salmonella-infected mice (MacFarlane, AS. et al. J Infect Dis. 
181(4):1350-8, 2000; Breslow, J.M. eta/. Microb Pathog. 49(6):330-5, 2010). Finally, 
opioids have the ability to alter the virulence of pathogenic microbes (Babrowski,T. et al. 
Ann Surg. 255:386-393, 2012; reviewed in Moss, J. Mayo Clin Proc. 83(10):1116-30, 
2008 ). Thus, analgesics will not be administered in an effort to eliminate any factors that 
would alter the normal course of our challenge infection and impede the interpretation of 
data relating to the efficacy of our vaccine candidate. 

V .4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesia/AnalgesiafTranquilization: For challenge studies described in 
experiment 2, animals that will be intranasal infected with S. pneumoniae or P. 
aeuriginosa will be anesthetized by intraperitoneal administration of a freshly prepared 
mixture of ketamine hydrochloride (65 mg/kg) and xylazine (10 mg/kg) in a 200uL 
volume. Following infection, the mice are placed on their backs next to each other and 
monitored until all have recovered from the anesthesia. 

V.4.1.2.2. Pre- and Post-Procedural (not surgerv) Provisions: We have not 
observed any overt complications from any of the procedures described other than 
occasional oral bleeding from the gavage. In our hands, this is rare and has occurred 
only when training a new person in this technique. There are extremely rare instances 
in which mice are severely injured during gavage. Laboratory personnel will monitor the 
behavior and general health of the animals following infection before returning them to 
LAM. Animals showing signs of injury due to gavage (as evidenced by shaking, 
sometimes accompanied by circling and other signs of distress) will be humanely 
euthanized as described in the euthanasia section (V.4.6). We will also frequently check 
all animals that are infected and/or dosed until it is time for the study to end; if evidence 
of signs of distress is noted, they will be humanely euthanized immediately. 

V.4.1.2.3. Paralytics: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V .4.1.3.1. Sources Searched: T oxline and PubMed 

V.4.1.3.2. Date of Search: 2 September 2014 

V.4.1.3.3. Period of Search: Pubmed (1950-Current) Texline (1950's-Current) 

V.4.1.3.4. Key Words of Search: S. Typhimurium, alleviate, mice, vaccine, survival, 
alternative 

V.4.1.3.5. Results of Search: The search terms "S. Typhimurium and alleviate" and 
"S. Typhimurium and alleviate and mice" returned 6 and 1 articles, respectively, on 
Texline. Unfortunately, none of these articles describes methods of pain alleviation 
during S. Typhimurium infection. The additional search terms "S. Typhimurium and 
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vaccine and survival and alternative" returned 1 article, which did not present alternative 
models for the proposed studies. 

Searches on PubMed with "S. Typhimurium and alleviate" returned 22 articles, while 
"S. Typhimurium and alleviate and mice" returned 4 articles; however, none of these 
discusses a method of alleviating the potential pain in mice infected with S. 
Typhimurium. Additionally, searching with the terms ·s. Typhimurium and vaccine and 
survival and alternative" returned 8 articles, none of which provided an alternative to 
survival studies of vaccine candidates. 

V .4.1.4. Unalleviated Painful or Distressful Procedure Justificatjon: 

We believe that these experiments are justified because animals serve as surrogates 
for volunteer studies, and our long-range goal is to develop vaccines to specifically 
prevent salmenollosis. Since in the US alone, 1.4 million cases of salmonellosis occur 
annually causing greater than 500 deaths per year, it is important to develop efficacious 
vaccines to help prevent recurrence of this disease. Additionally, the development of 
a live-attenuated vaccine capable of heterologous delivery of foreign antigens would 
potentially provide a resource for the prevention of a multitude of infectious diseases. 
Unfortunately, to effectively determine the usefulness of a vaccine strain, it is imperative 
to perform survival studies in mice such as those we have proposed herein. 

No analgesics will be given to mice post-challenge in these studies, since administration 
of analgesics confounds the results of virulence assessment assays. First, studies have 
shown that analgesics directly affect the immune response in various ways, including 
the inhibition of antibody production and the enhancement of bacterial killing {Bancos, 
S. et al. Cell lmmunol. 258(1):18-28, 2009; Stables, M.J. et al. Blood. 116( 16 ):2950-
2959, 2010). Second, NSAID analgesics, including ibuprofen and diclofenac, have 
displayed anti-microbial activity against Salmonella (Al-Janabi, A.A. J Glob Infect 
Dis. 2(2):105-108, 2010; Dastidar, S.G. et al. Int J Antimicrob Agents. 14(3):249-51, 
2000). In fact, the administration of diclofenac provided protection in mice against 
Salmonella challenge (Dastidar, S.G. et al. Int J Antimicrob Agents. 14(3):249-51, 
2000). Third, morphine administration increases the bacterial load in Sa/mone/la
infected mice (MacFar1ane, A.S. et al. J Infect Dis. 181(4):1350-8, 2000; Breslow, J.M. 
et al. Microb Pathog. 49(6):330-5, 2010). Finally, opioids have the ability to alter the 
virulence of pathogenic microbes (Babrowski,T. et al. Ann Surg. 255:386-393, 2012; 
reviewed in Moss, J. Mayo Clin Proc. 83(10):1116-30, 2008). Thus, analgesics will not 
be administered in an effort to eliminate any factors that would alter the normal course 
of our challenge infection and impede the interpretation of data relating to the efficacy of 
our vaccine candidate. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: N/A 

V.4.3.1. Pre-surgical Provisions: NIA 
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V.4.3.2. Procedure: NIA 

V.4.3.3. Post-surgical Provisions: N/A 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. My!tlole Major Survival Ooeratjye Procedures: NIA 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2, Scientific Justlflcatlon: N/A 

V.4.4. Animal Maojoulatjons: 

V.4.4.1. Injections: Groups of animals will receive 50-200 µL lntraperitoneal (IP) 
injections of either PBS or a bacterial suspension for vaccination or challenge. These 
injections will be performed with 23-25 gauge needles following alcohol preparation of 
the site for injection. 

For challenge studies described in experiment 2, animals that will be intranasally 
infected with S. pneumoniae or P. aeuriginosa will be anesthetized by intraperitoneal 
administration of a freshly prepared mixture of ketamine hydrochloride (65 mg/kg) and 
xylazine (10 mg/kg) in a 200uL volume. 

V.4.4.2. Blosamples: 

Blood: 
1) Blood samples will be collected via standard tail vein bleeds from each group of 
vaccinated animals 1 day prior to challenge without the use of anesthesia. For these 
bleeds, a 26 gauge needle will be used. Mice will be weighed prior to the bleed to 
calculate the total circulating volume based on the approximation of 58.5mL total blood 
volume per kg, and the blood volume collected will not exceed 10% of the calculated 
total blood volume of the animal. Serum will then be collected from these samples and 
used to monitor antibody titers using ELISA assays. 

2) Animals surviving at the 30-day timepoint will undergo terminal cardiac bleeding to 
assess antibody titers. For this, the animals will be placed in a compressed gas C02 
inhalation chamber and observed. When respiratory arrest occurs, they will be quickly 
removed and a 22 or 23 gauge needle on a syringe will be used to pierce the thoracic 
wall and the chamber of the heart. At this point the animal is narcotized (anesthetized) 
by C02. After sufficient blood is obtained, the needle will be removed and the animal 
will immediately be euthanized by cervical dislocation. In most cases, death will already 
have occurred by exsanguination. Serum will then be collected from these blood 
samples and used to monitor antibody titers using ELISA assays. 
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Fecal Pellets: Mice will be placed individually in a clean. empty cage until a fecal 
pellet is passed. The fecal pellet will be collected into a clean microcentrifuge tube 
for processing. The mouse will be returned to its cage, minimizing its disruption 
and discomfort. We propose to perform the fecal collections on a weekly basis for 
challenged mice and PBS-inoculated animals as a negative control. 

V.4.4.3. Adjuvants: N/A 

V.4.4.4. Monoclonal Antibody CMAbs) Production: N/A 

V.4.4.5. Animal Identification: cage cards will be used 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: Manual restraint of animals will be used during oral 
inoculation of mice: 0 .1-0.2 ml of bacteria solution will be inoculated by gavage using a 
straight or curved stainless steel atraumatic ball-tipped gavage needle (20 gauge x 1-1/ 
2) into the terminal esophagus and the stomach. 

V.4.4.8. Tjssue Sbarjng: As many of our experiments involve infected animals or 
tissues, we do not participate in any shared tissue and/or control groups with other 
investigators. 

V.4.5. Study Endpoint: Maximum survival of animals will be 30 days post-challenge, 
after which animals will be euthanized. Since animals will be dosed with a normally 
lethal amount of bacteria to test the efficacy of our vaccine strains, we will be initially 
watching the animals every 8 hours during the first week for mortality and onset of end
stage disease symptoms. The monitoring will continue once per day for an additional 23 
days until the 30-day post-challenge time point is reached. Therefore, an early 
endpoint for moribund animals will be considered in the event of severe changes in 
body weight (>20% weight loss (assessed daily) compared to controls or to the 
baseline), behavior, appetite, excretion, hair coat, etc. in accordance with USU IACUC 
Policy 020. Moribund (dying) animals will be euthanized. These animals will undergo 
terminal cardiac bleeding to assess antibody titers. For this, the animals will be placed 
in a compressed gas C02 inhalation chamber and observed. The chamber will not be 
overcrowded. Cylinderized carbon dioxide with a pressure gauge and nowmeter will be 
used as the source of carbon dioxide. With animals in the chamber, the flow rate of 
C02 will displace at least 20% of the cage volume per minute as indicated on the 
flowmeter. Animals will be watched to ensure that they are lying down and that their 
purposeful movements have stopped. The anesthesia cage will be opened and the 
animal will be checked for response to toe pinch. If animal responds to toe pinch, the 
lid of the chamber will be dosed and carbon dioxide flow will continue until the animal is 
adequately anesthetized as indicated by lack of response to toe pinch. If there is no 
response to toe pinch then the carbon dioxide flow will be stopped. Animals will then be 
quickly removed from the chamber and a 22 or 23 gauge needle on a syringe will be 
used to pierce the thoracic wall and the chamber of the heart. At this point, the animal is 
narcotized (anesthetized) by C02 . After sufficient blood is obtained, the needle will be 
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removed and ~he an1ima1 will lmmediate1ly be el!J~nanized by cervical disiocation, ,1n most 
cases, death Will already have occurred by exsanguinatlon. 

V,4 .. 6. ,Eutnaru1sia: The IPI and other :research staff as. assigned to the protocol will 
perform these procedures. Euthanas1ia will be performed llJlsi1ng tenn1ina'l 1c·ardiac bleeds 
following C07 inhalation 1in a compressed gas C02 inhalation cha:rnoer according to the 
most recent AVMA Guidelines on Eutlhanasla, The chamber wlil not be overcrowded. 
Cylinderized carbon dioxide with a pressrure ga·uge and nowrneter will be used as the 
Sb'Wrce of caribon dioxide. Wi~h animals i·n the chamber. the filow irate of co~ 'Will 
d1iSplaGe at least 20% or the cage vo'h..iJme per mitu.JJte as indicated on the flowmeiter. 
Animals wi111 be watched to ensurre that they are lying down and that their purposeful 
movemen~s have stopped. The anesthesia ci'ige will be opened rand the animal will be 
cheol<ed for response to toe pinch. If animal responds to toe pinch, the lid ,of the 
chamber wil'l ,be closed and carbon 1dio.xitle flow will confrnue 1untll the animal! is 
adequately ~Htestlhet~zed as indicated by lack of 1response to toe pinch. If the're is no 
response to toe pinch then tihe carbon dioxide tilow will be stoppedo Animals will then be 
qu~ckly removed from the chamber and a 22 or 23 gauge rneedle on a syringe will be 
used to pierce ilie thoracic wall and the chamber of the heart. At this point. the animal is 
narrcotized (anesthetized) by C02 . Afte:r sufficient blood is obtained, the meed le will oo 
removed and the animall will immediately be eu1fhanized by cervical disfooation. In most 
cases, death wUI already have occurred by exsa:nguination .. 

V,5 .• 1. Hysfbandrv Con~ider,atiron$: Except as noted below, 1routine arnima~ husbandry 
wm be pr:t.llvided in accordance wi~h LAM Husbandry SOPs for each species in mis 
protocol. 

V.5.1.1. Study Room~ 
Building(s) ..... l .... (b-)(6_) ____ ......_ Room Number(s)J .... b-)(

6
_l -----

V.5.1.2. Spe.cfall t-.tusbandry Provisions::. As a precaiution animals will be housed in 
cages wi~h mfrcro-isolater lid'S or 1n cages kept on indfividually vented iracks (Thoren 
units). Animals wUlll be plaoed ,on floorr grirls during fasting to lkeep them dry and to 
ptevent coprop'hagia. Cages containing fa5ting .anima~s will be clearly labeleGl to prevent 
inadverrtent feeding by LAM personnel. Addi~ionally, if LAM personnel identify d·e.ad 
animals, they will alent !laboratory personnei to remove the oa·rcass, 

Yes No x 
Yes No x 

Animals will be fasted (food withheld but riot water,) far 2 hours prior to all g.avage 
procedures, including the administration of bacteria'! suspensl<:ms. Additionally, dosed 
an:imals wiill be maintained without food or water for a period of at !:east 1 hour but not 
mere thain 2 hours tio facilita'te gastric processing of ~he IPBS or bacterial suspensions. 
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This fasting and fluid restriction period provides limited distress to the animal and 
increases the likelihood of achieving successful infection, thus decreasing the total 
number o.f a1nimals. Afterwards, the animals will be returned to a normal dliet for the 
remaander of the study. 

V.5.1.3. .Exceptions: NIA 

V.5.2-. Vetetlrnarv Medlfcql Care: 

V .5.2.1. Routirte ~ete_fjru1ey Medical Care: LAM personnel will provide routine 
checks for health and general husbandry at least once/day, Infected animals will be 
checked dally by myself or other laboratory personnel. Any animals exhibiting signs of 
illlness will be evaluated by a LAM veterinarian. Animals will typically be monitored for 
changes in body we'ight, behavior, appetite, excretion. hair coat, etc. After consulting 
with the !Pl (if available), moribund animals will be euthanized as described. 

v.s.2 .. 2. Emergency Vete.Fil'1a.ey M~dieal C..are: All emergency, weekend, and 
holiday care is provided by two animal husbandry technicians. one or more ve~erinary 
technicians, and an on .. call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily doting weekend and holidays. 

V.5.3. Environmental Ehrichment; 

V.5.3.1. Enrichment Strategy: Except as indicated below. ail animals on this 
pmtoool wilf be provJded with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. EnriGhment ~estrictions: Animals will be placed on noor grids during 
tasting (prior to orogastric procedures) to keep them dry and to prevent coprophagia. 

VI. STUDY PERSONNEL OUALIFIC.ATIQNS AND TRAINING: or.Jrbl!Bl lha1s 
considerable experience working with animal models of bacterial pathogenesis. His 
previous work includes utilization of infant mice and raoblts fer the study 01f V. cholerae 
(trainijng and experience since 1996 ad<b){6) I He has been working 
with gerbU and mice models of H. pylori inmction since 2001 (training ai lbJ<lilJi I 

11bX6> I Any other personnel recruited to this project will be appropriately 
trained and :added to all current protocols. 

STLJID'I PERSONNEL QUAUFICATIONSJTRAINING 

Protocol activity or 
procedure (e.g .• tail vein 
in ections eulhanasiaL 

Giavage 

Gava ~ e 
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Qoahfications of person 
pertorming activity (e.g .. 
research technician, 2 

rs expenence _ 
Animal handling 
experletice wi!.1'1 mice and 
gerbil:; since 1996 

Res~rch Technician, 14 

Specific training in thi,s 
activity or procedure 

(e.g .• rodent handling 
as '· 1999 



years exp~nence with mice 2000: 1nves1iga'tor 
and gerbils Tfa1n1ng 2005; Lab-

c:.necific tra1n1ng with Dr. 
(bX6) 12005 

Gavage b)(6) Postdoctoral Fellow Wl\h lnlfesllgator Training, Jan 
gerbil & mouse h3ndl'.ng 2012: l ab-sr.Ai'ilic ttainlng 
expenence siOCQ 2012 with DrflbJ(6) 1201 2 

IP ln1ec11ons Animal hand~ng KOXO) l 
expenenca Wltn mice and ~ . I 

i;61tlils Sine:<! 1996 1\0){!>1 l 'fraining, 2001· 
ROdenl handling class and 
ln11esliqa1or Trainina, 2004 

IP lnfect10ns Re~eareh T ectinician. f 4 ROden! !handling cJass, 
ye:in;; experience with mice 2000: Investigator 
-a11a gerbils Training, 2005: Lab-

S"""Cifi~training Wltl'I Dr'. 
l{O)lti) 1200!1 

IP 1nJec1lons Pos1oootoral Fellow w11h 1m1est1Qator Trnimng, Jan 
s erbil & irnou.se handling 2012: lab-snei-ific; train'1ng 
el<oei'lehOe slhCe 2012 with Qr lll'l\IH\ 1201 ~ 

Euthanesia Animal hah.dling (O)lti) I 
experience wi~h m~cc and £j99t>l<b)(fi\ I 
gerbils s.nc>fl 1900 Training, '-'UU1 ; 

ndling class and 
ln11esti.aato? tralruno. 2004 

Euthanasia ResearOll Technioian. 14 Rooent !handling class, 
years expenence with mice 2000; Investigator 
and gertll ls Training, 2005; Lab-

S"""cilic training with Dr. 
[(l>Xti) f 2005 

Eutllflnasia Postooctoral Fellow with tn11est19ator Training, Jan 
aert:iil & mous-0 han<.tllng 2012; Lob specific trarning 
exl\Anenee smce 2012 with o r 11ro11n 1 12012 

Tail Vein Bleeds An'mal handhng l0)\6) I 
expenence with mice and T r.:iminn 1 I 

gerbils since 1996 KD)(o) t raining, 2001: 
Hooent handling Glass elid 
ln11est1.nator irainiM 2004 

Tait Vein Bleeds Researeti T edhnician. 14 Rodent handllng dass, 
years expe;rience with mice 2000: ln11ostlgator 
and gerbils Training, 2.oos: Lab-

- .. ~~1fir rrmning with Dr. 
l(O)(b) ~005 

Tall Vein Bleeds PostdOC'lotal Fellow wilh I rivestlg<'itb:f T r.aining, Jan 
ge1bit & moU'se handling 201.2; ,-:ih-" """'ific training 
e."oerience since 2012 w1th D~(D J(ti) H OH! 

VII. B IOHAZARDSLSAEETY: Since S. lyiphimurium, S. Enteritidis, S. pneumonia, 
and P. aeruginosa are classUfied as BSL 2/ABSt 2 agents by the CDC. animals will be 
housed at the ABSL 2 level. Gloves, face-masks and lab coats will be worn by all 
personnel handling infected animals or infected tissues within ithe animal rooms and 
laboratory when interacting with the animals. Cages that housed infected animals will 
be double-bagged, sprayed with disinfectant, and autoclaved. 

VIII. IENCL,OS!JRES: N/A 
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IX. ASSURANCES~ 

As the Principal lnvesti,gator on this protocol, I acknowledge my responsibilities and 
provide assur:ances for the follow1in9: 

A. Anirna,I Us,e: The animals authorized for use in thi'S protoco1 will be used only 1in 
the activities and ·in the marnner described herein. unless a modification is specifically 
ap·proved by the IACUC prior to its implementation. 

EB. Duplication of e·ffort: I have maae a reasonable, good faith effort to e:nsure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I h·ave consulted with an individual who is 
qualified to evaluate lthe statistical design or strategy of thiis proposal. and that the 
"minimum number of atnimals 1ne~ded for scienti~io validity are used." 

o. Biofhazard\Safety; I have taKeh unto consideration and made the proper 
coordination rega1rding all applicable rules and regulations concerning radiation 
protection. b·iosafety, recomlbinant issues, and so forth, in the preparation of this 
p:rotocol. 

E. Tra,ining~ I verify that the personnel performing the animal procedures I 
marnlpullations I observations described in this pr,otocol are technically competent and 
have been prroperly traijned to ensurre that no unnecessary pain or distifess will be 
caused to the anima1Js as a result of the procedures I manipulations. 

F. Trainin,g: I verify that I have attended the USUHS Investigator/Animal User 

~a'1nh: Co1.1rse 

CCIP. 1nvem1gmor S1gnamr. ~ ~ 
G .. Training: The following pe~sonnel wlll attend the next USUIHS 

lnvesti,gatorlAnimal User Training Course: 

H. Responsibility: I acknowledge the inher,ent moral, ethical and administrative 
obl1igations associated w1ith the performance of this animal use protocol. and I .assure 
that all indhliduals associated with this pro~ect will demonstr.ate a concern for the health, 
·comfort, welfare .. and well·being of the research animals. Additionally. I pledge to 
conduct this study in the spirit of the fourth 11R11 that th·e DOD has embraced. namely. 
'
1Responsibility11 for implementing ainimal use alternatives where feasible and conducting 

huma1~~cd :wft!I ooseamh ~y 
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IPrirncipal lnvestigator Signature Date 

I. Paiinful Procedure(s); 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. this potential pain and/or distress 
WILL NOT be relieved with the use of anesthetics, ar1algesics and/or tranquilizers. I 
have consider1ed alternatives to such procedures: however. using the methods and 
so1urces described in the protocol, I have determined that alternative procedures are not 
available t·o accom lish the ob·ectives_ofJhls proposed experiment. 

() ~ / 
Principal lnvestigato1 Signatu1e o~.?:lr/ Y 
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X.. PRQIQCQL ASSJRACT: 

A.. Arum.aL~·r1JloAol Number: ._1[6_><6_> ____ _, 

B.. Animal Prgtg2·0Lr.ute,; Use of Salmonella Typhimurium Enterobacterial Common 
Antigen Mutants as a Vaccine and Vehicle for Heterologous Antigen Delivery (Mice/Mus 
muscu1us) 

C, Pdncipallnv....es:ti.gauu:l ._(6_>
16_) ______ _,I Ph.D. 

D. Performing Organi4itlon: Uniformed Services University (USU) 

E. Fundiog: Uniformed Services Unrversit~ (USU) 

F. Qbjec..tL'leJllld Apptoach~ Given that the human gastrointestinal mucosa is very large 
and that the acquisition of most Infectious diseases occurs at mucosa I surfaces, it is not 
surprising that 15-20 million adults and children acquire or die of mucosa! infections 
annually. Salmonella is one 'bacterial genus that causes diverse mucosa! infections. In the 
Urnited States, non-typhoidal Salmonella $pp. cause an estimated 1.4 million ca.ses of 
salmonellosis annually and account for greater than 500 deaths per year. Salmonella 
enterica serovar Typh~mwrium ( S. Typhimurlum} is one of the most prominent strains. 

We have identified mutants of a ,Salmonella cell surface virulence factor that appear 
to be efficacious live vaccine candidates. SpeeifieaHy, S. Typhimurium, a Gram-negative 
enteric bacterium and a member of the Ernterobacteriacae family. expresses the cell 
surface glycdlipid that is ubiquitous among all family members: the phophoglyceride
l'inked E1ntero'bacterial common antigen (ECAF>G). We have shown that l::CA negative 
mutant strain.s were severely attenuated for virulence when inoculated into mice. However, 
rather than being clea1red from the animal. these mutant strains set up a persistent 
infection that was maintained for up to 70 days post infection. Excitingly, immunization of 
mice with IECA negative mutant strains provided protection against a subsequent lethal 
oral or intraperitoneal challenge with wild type S. Typhlmuriuh'l. Thus, ~CA negative 
straans of Salmonella may be useful as l ive~attenuat~d vaccine strains, or as vehicles for 
heterologous antigen expression, 

T'O this end, we will use a mouse model of S. Typhimurium infection to determine 
whether vaccination with ECA negative strains of S, Typhimurium provides protection 
against other strains and species of Salmonella. Mice will be first vaccinated with ECA 
ne·gative derivatives of TML or SL 1344 strains and thert subsequently challenged 
with a lethal dose of wi~dtype derivatives of the S. Typhimurium strain not used for 
vaccination or S. Enterltldis, which expresses a different 0 antigen. Additionally, we 
will determine whether ECA negative strains of S. Typhimurlum can be utilized as a 
vehicle for heterologous antigen delivery. Mice will be vaccinated with EGA negative 
strains bearing vectors encoding the Streptococcus pneumoniae PspA protein or 
e.xpressing the 0 antigen portion of Pseudomonas aeruginosa. These animals will 
then we challenged with virulent S. pneumonise or P. seruginosa to determine the 
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protective efficacy of the vaccine, Together, these studles will reveal the ability of ECA 
negatilve strains of Salmonella to act as live-attenuated vaccine strains or vehicles for 
heterologous antigen delivery. 

G. h:tdexing Term.sJJ)_esetipto.r~): Salmonella. S. Typhimurium, vaccine, mice, ECA. 
heterologous antigen 1delivery 
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UNIFORMED S~RVICeS UNIVERSITY OF THE HEAi. TH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHESDA. MARYL.AND 20614""4799 

January 13, 2015 

MEMORANDUM FOR DR.\ ... <b){_
6_1 ____ _.I DEPARTMENT OF MICROBIOLOGY 

SUBJECT: IACUC Approval of Proto<:ol - Triennial Revie'v 

The follo\\i.ng application was reviewed and approved by the Unifonued Services 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
([ACUC) via Designated Member Review on January 13. 2015: 

Animal l?rotocol l 1tlle: .. Pathogenesis of Bacillus Sterne and Ba.cillus cereus G924 l in Mice" 

USUHS Pro~ocol Number: ,_ltb_l<6_) ___ _,, 

Expiration Date: January 12. 2018 

Nan1e of Principal lnvestJg.ator:. Dr .... fb_k6_1 ____ _. 

The US VHS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal Welfare (OLA W), National Institutes of Health (NIH). The Assurance No.mber is 

11<6)(6) I The IACUC approved the above referenced application as submitted. 

Ari annu.al review is required for each of the three years of this protocol. This review 
must be completed by the a.nnivetsaJj' date of the protocol. If work is to be continued past the 
expiirarlon date, a uie11nial revie'v must be completed prior to the expiration date in order for 
work to be wiinterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an appro\led protocol. Although the lACUC may send reminder.;, it is the 
inv1c~1igator's responsibility to submit an annual review form (Fonn J205/\) at least 30 days in 
advance, or a new Form 3206 for tfiei'.lt'iial review at least 60 duys in advance of expiration. 

Priono placing your first animal order, please contact MAJl(b)l6> h:o schedule a 
pre-protocol plrutuing mee..r:rngl(6)(61 I This meeting must occur to ensure animal. numbers 
are loaded io the CART system and LAM resources are available to meet your needs. 

r){6) I 
f b)(6) lPh.D. 

Chair. lnstiMfonal Allimal 
Care and Use Committee. USlJHS 

cc: 
Office of Research 
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USUHS FOR'M 3206 
ANlMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET IA'CUC Oate Stamp 

PROTOCOL NUMBE!R: ( .... (bJ-(il) ___ _, 

PROTOCOL Tffl.E: Pathogenesis of ,Bacillus anthracis Sterne and Bacilfus cereus 
G9.241 in mice 

GRANT TnUE (if differient from above): 'Identification. Cournterme,asures, and New 
Therap'ies Toward Biologics~ Threat Agents; Protective Measures, Surveillance, and 
New Theta pies toward lnf:ectlous Disease of Global Health Concerns; Contribution of 
Certhra)( to Virulence of Arn'thrax~like Bacillus cereus Strain 

j.JSUHS PROJECT NUMBER:l .. (
6

_X
6
_) ------------

EARLIEST ANTICIPATl~O FUNDING 'START DATE: ongoing 

MIC 1~){6) L I'/),, ~ y' 
Department Office/Lab Telephone ~ 

This anima'I use [Proposal received appropriate peer scientific 
~~~w~~l,l,Wj~JWl· ·h good scientific research practice. M 

=~~f~s~~~ ~l(b~i<5~> ___ ........ Ii 2 I Y 
Title Telephone ate 

STATISTICAL REVI~: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used as appropriate to obtain sufficient 
data afi&'fM'f r is pot erressive an ct the >statistical des'ign is appropriate for ·the intent of the 

studyr I MIC r~ I , ,;: / 
Stiallsliolan Slgnewre Department elapnone Date , 
Tvped Name:: ' 

ATTENDING VETERlNAR~AN : In accordance with the Animal Welfare Regulations, 
the Atte1nding Vet,er~narian was consulted in the planning of procedures and 
manipul·ations that may cause more than slight or momentary pain or distress. even if 
relieved by anesthetics or a·nalgesics. 
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------

ANIMAL PROTOCOL NUMBER: l .._(b~){S~) ~~~ 

PRINCIPAL INVESTIGATOR:~l(b_)ce_) ___ __,fhO 

ANIMAL PrROTOCOL TITLE: Pathogenesis of 'Baciilus an!hracis Sterne and Sacillus 
cereus G9241 in mice 

GB.ANT TtTILE (if rdiJferient from above): Identification, Countermeasures, and New 
Tlherapies T•owarrd Blologicall Threat Agenfts; Prntective Measures, Survemance, and 
New Therapies toward l1nfeictioU1s Disease of Global Health Concerns; Contribution of 
Certhrax to Virulence of Antnrrax-llKe Biac.iifus cereus Strain 

USUHS PROJECTNUMBER:l._~_x6_> __________________ __, 

CO-INVESTIGATOA<S>:l._(6_l<
6_) ___ __.I PhDJ._16_){6_1 ____ IPhD:(,_<6_)l6_) ----

MPH 

TECHN~CtANSLS.l: ... l16_)(a) ___ _.IMs;l.._(5X_6) ___ _.I BS 

t INON .. TECHNICAL SYNOPSIS: Bacillus anthracis, the bacterium responsible for 
anthrax, 1persists in the environment as a dormant, well-protected spore that is resistant 
to damage and dryiing. D1isease oocurs when the spores are inhaled, ingested, or enter 
Wt>unds in me skin. Once in the body, the dormant spores ge1rminate. or lose their 
protective coating. and expand into rod-shaped bacte,ria that muWply and produce 
toxins 1that lead to 1often fatal dlseas·e in the patient., Spores of B. anthr.acis have long 
be·en cornsidered IPOtential biological weapons. In October 2001, 22 cases of anthrax 
ooerur.red as a result of deliberate exposure. inc'luding 11 patients Who suffered the most 
letlhal inhalatiornal disease form, The aggressive u·se of quinolones and other arntibiotics 
coupled with the early recognition of di5ease resulted in the survival 1of 6 of the 11 
paliernts. Hun1oreds of other individuals potentually exposed to anthrax ,spores required 
am e.)(tend 1ed course of antibiotic therapy due to the concern that they still carrried spores 
in their lungs that could germinate after the conclusion of their antibiotic treatment. Our 
overarchiing ~oals ar1e to 1) determine how Bacillus species cause antnrax(-like) 
disea,se. and 2) develop lthe:rapnes that prevent the first stage of disease, specifically 
germinatijon of the spores. Our experiments Will be done with 8. anthracis '.Steme, a 
strain that does not cause d1isease in humans and that is used as a vaccine in cattle, 
arlld in Bacif11.1s cereus G9241. a strain that caused arnth1ra~-like hrng disease in a welder 
but that is attenuated Hke S. an:thracis Sterne in mice. A major aim is to study how 
ce1rtain traits of B ,anthraois al'lld 8. cereus ijnfhJence disease progression, Identification 
of these traits, or virulemce factorrs, win illuminate which are imiportant targets for 
antimicrobials and vaccirnes. We will measurit~ the outcome of infection in mice exposed 
to Sterne or G9241 versus tihat seen when mice are infected with strains mutated 
(defident) in 'those traits, Further. we wm test chemical compounds that alter 
gerrmirnatijon of spol'ies In llab cultuires for their capacuty to prevent disease in mice 
infected with spores. 
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ll. BACKGROUNO: 

11.1. packground; Our studies will continue to investigate two highly related species 
fr1om the rgenus Bacillus: f~. anthracis and B. ceteus. The infectious form <:>f S. anthrscis 
and B. cereus for animals and humans is the spore. To cause systemic disease, the 
spore must germinate and undergo outgrowth ~s ~vegetative rod-sl'ieped bacterium. 
A~though the pathogenesis of inhalational, cutaneous. and gastrointestinal anthrax Hkely 
involv.es the same general steps; the morbidities and mortalities differ significantly. 
After Introduction of spores into the host via inhalation, ingestion. or wound 
contamination, the spores are rapidly phagocytosed by resident macrophages (Mct>s), 
We and others have shown through in vivo imaging studies that the spores germinate in 
the M<t>s, either at the site of inoculation or after the Mi:l>s have migrated to the regional 
iymph 1nodes (1-4). The spores germinate to form encapsulated vegetative rod5, which 
replica1e in the Mct>s and produce to~lns that kill the M¢1s. The e><tracellular bacilli then 
d~sseminate within the host and express the full constellation of virulence factors. 

The two principal toxins produced by the vegetative bacteria are Edema Toxin (ST) 
aind Lethal To!ICin (l T) .. Edema Factor {EF) and Lethal Factor (LF) interact with and are 
delivered 1o the cell interior by the shared bindihg subunit Protective Antigen (PA). PA 
is the princiipal component of the licensed anthrax vaccine (Biothrax®). ET is comprised 
of PA and EF ,and LT is comprised of PA and LF. ET is· a calmodulin-dependent 
adenylate cyclase that converts ATP to cAMP within its target cells. Lethal toxin is a 
zinc-metalloprotease that cleaves mitogen-activated protein kinase Kinases (MAPKK) 
within Mct>s. wfhich can lead to apoptosis of the Met> and release of vegetative cells and 
to-xins into the surrounding milieu. In addition to the toxins, all strains of B. anthracis 
and some strains of 8. cereus that cause disease in humans produce one or more 
capsules. The capsur1es protect the vegetative bacteria from phagocytosis by 
mac-rophages and neutrophils, particularly dur,ing dissemination through the lymph and 
bllood to distal sites, 

The me1jority of animal models of anthrax disease mimic inhalational or 
subcutaneous anthrax in humans [see (5) for review of animal models of anthrax 
dijseas·e). lnhalational models have been used most often, despite the relatively low 
frequency o~ lnhalational anthrax (compared to the other routes of inoculation). because 
a.erosolized spores have the tpOtential to be used as bioweapons. Like humans, non~ 
human [Primate's and rabbits are particularly susceptible to the effects of LT and ET, a 
characteristic lhat makes these anlmai models particularly useful fur studies of late 
stage anthrax disease as well as fo:r vaccine and therapeutic development. Mice and 
gil.Jinea pigs can be used to model both the infection (early) and toxemia (late) stages of 
disease. Mice have been used most extensively due to their low cost, ease of handling. 
and 9enetic diversity. Mouse models of anthrax disease are used to mimic inhalational 
[aerosol, intranasal (i.n.). intratracheal inocula~ion), cutaneous [subcutaneous (s.c.) 
ltnoculation). aind gast1rointestinal [orallintragastric (i.g.) inoculation] forms of human 
anthrax, and all of til'lese models are useful for studies of infection and toxemia. In 
addition, intravenous (i.v.,) or intraperitoneal (i.p.) injection of spores or purified toJ<ins 
can be usefull for investigations of the roles of capsules and toxins in Bacillus 
pathagenesls. 

All ,of our a anthracis animal studies are conducted with 8 . anthracis Sterne, an 
attenuated strain that does not produce capsule and that is used as a vaccine for cattle. 
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B. anthracis Sterne is fully virulent in AJ.!J mouse models of antihrax disea-se; AJJ mice 
aire C5-defiGient and ate tJefectl'le in neutrophil recruitment,, so they are m~re, 
susceptible to infections caused by Saci/Jus species. lhe genes that encode the tox~n 
components in 8, an<fhratis (pag, lef, cya) are llocaaed on the rpX01 megaplasmid . The 
p'XOl2 megarplasmid. which is not pr1esent in B. anthrracls Sterne, eneodes the gernes 
required for production of a poly~D-gtut;amue .acid cap'SU!le.. Our s1tudiies of B. Gereus 
ViFullence awe conducted with B. ce.re:us <39241 , a s'train that was isiolated from the blood 
arnd sputum of a welder who had anthrax-like lung di~ease (6). 13. cereus G9241 is 
u1nique among B cere11s strains for the following reaso1ns: 1) B. cereus typicaJly catu!Ses 
mirld gasfr<renteritis ralherr than anthraJc~llke pnel!Jmonia in lhumans: and 2) the strain 
co'ntains two 1me:gap1asmids, p8CX01 a1na pBC210. Th·e pBCX01 megaplasmid is 99% 
identical to pX01 in 8. anthracis. One key difference ibetweern the two m~gaplasmids is 
that the hasACB op-er:on on pBCX01 ijs intact, which provides .a. ceteus G9241 With the 
tool,s necessary lo produce a hyali!Jrnnit acid capsule 1(7). Tihe 'hasACB Gperon on ~he 
B. anthracis pX01 con~alns a framestiiift mutation tlnat renth!rs the operon non-
fl!lnctionat In additioni pBC21'0 oontalns a sieoond tunctlon1al polysaccharicle 1capsule 
oper1on ana a honiolog of 1the gene that 1encodes PA (pagA2). A third toxtin I Certhra:ic, 
which funct1o:n:s a's an ADP~ribosyltr.ansfierase , is encoded on pBC21IO a:s Well {8): the 
role ol Ce1rthrax in B. cereu.s Gs24'1 pa~hogenesis wm be in'\1est1gated in the studies 
des1crihed in this protocol, Our preliminary tn 'Vi~o e-x1periments with (;,924~ and G,9241 
ticerthrax suggest that Crerthrali may ~rediuce virulence 1of G9241 in sulbcutarneous aind 
intranasal models. Further in silioo analysis and litera'tUre 11epol'ts of re~ated tox1ins have 
led us to speculate lth'3't Gerthrax may play a role ijn gastro'intestinal 1aiseiase. 

Despite the prom1itien~ role that the to~ins play in anthrax disease, we propos·.e that if 
spore germination can be blo'Cked. the vegetative ceils tihat expresrs these toxins will not 
be formed. We hypothesi~e that adm!nist·tation of a 'Small! molecule that inhibits 
germination as a the,rapeutic wi'll protect mice from an~hrax dl'sease. The small 
moleoule 6-thloguanine (6-TGL aifl analog of lkinown in V.itf!O getminant~ inosine and 
~lan~ne. was prevl~:u~'ly_:shown ~o in.hlb!t germin1~(~~~ otB. aqrraci~ s_!>o!~~ in vl!ro and 
1h .M<t>s {9)< ltn pre~1mmary mous·e -studies uradeir we detemnned that tw@ 
s.c. inje·ctions ,(-4. ·1 hr) of 6·TG prior 'to s.c. inoculation witlh B. anthracis Sterne spores 
eitends the median time~to-death by 1,-2 da"ys and redue-es the mortallity rrate firom 100% 
to -50% (unpublished) .. We screened '3722 smali molecules to identify compournds that 
have the capacity to alter ·germination of iS, an-fhtacis Sterne spores in 'a high-throughput 
i11 vitro assay. We discove,red 20 potential lead compounds that inhibit the spore 
ge:rmi'nation rate by at rieast 2J3, and we i0und that 2 of the lead compoutnds exert 
s.poricidal activity in vitro and inlh ibit spore germination in M(l>s.. In very p1reliminary 
a'nalyse'S, we found tlhat both compounds Ill.ave the ea,pacity to reduce mortality in the 
same animal model system described above fo:r 6-TG. 

11.2. Literature Searich for Dupllcat~on: 

lt2. 1. Literature Source ts) Searched: 

U.2.2. Date of Search: 3 October 2CH 4 

U.2.3. Period of 'Search: BRO: 1 998~.2009 (most recernt); RePORT: 2004-2014, Active 
P1ro,jects: PiubMed: 
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11.2.4. Key Words and Sea1rch 'Str:a'tegy: Ba.grflfus AND (spores OR capsule OR 
ge:rminat1ion OR dissem1ination OR immu1nlzation OR Certh~ax) ANO (tmouse OR mice) 

ll.2.S. Besiul.ts of Searcfh; 
RESlJL TS FROM fSRID: Seard1 of the BRO datalbase res1ulted in 102 hits, of which 4:2 
were unique and 9 were from my laboratory. Otnet studies utilized guinea pigs an'd 
raoblits to ascertain B. anPhraCi$ virulence prope1rties. Sixteen docume1nts were from ou( 
~ollaborators atl(b)(6) land ol!ltlined our joint studies to inve·stigate spore ptroteins 
as vacdne tandlda~es and the roles of arnl ibod\es against spores in inhl!bition of 
germination and growth. An .additional document was from another co'llaborator and 
res1ullte0l in a joint publlc-tJt~on between <our laboratories. The remaining studies were 
tocused on 1he following topics: development of vaccines against anthrallC disease th1at 
<are based on PA and LF: development of multiv,alent vacci1nes against two biotenorism 
threats 1(B. enthracis, Yersinia pestis; 131.Jlrkho:fdefia isp.p. ricin) ; the use of hyperbaric 
01xygen, alf'itlm1crobials, or antioodies against PA a1nd/or LF as post-expos1u1re 
1proprnylax1is: the role of the i.mrique poly-O~gl:utami~ .acid capsule of a anthracis in 
duse:asre; tlhe cont1ributlon of diffe~e1nt: spa.re structures on pathogenesis: and me·thods for 
detection of B. anthracis spores. NICllne of the s~uelies identified in the BRO databa!Se 
over~ap w'ith ttne strudies prnp.gsed here, except those outlined in prop·osals from my 
laboratory. 

tRE'SUl TS FROM NIH RePORT: The search parameters im•luded Bacillus and 
mo'.use/mice and (spore (24) OR capsule (5) ,OR dissemination (3) OR imm1rnization 
1(55,) OR Ce,rthrax (Oj], where ithe number ln parenthese.s indicates the nl!imber of 
awards_Jlhat were identified by the search parameters. An .awarrd to my col~aborator Dr. 
L-~~~~~i~to~fi !o?;y.esligate the re:gulation of B. anthracis virulence fiactars; we are 
working with th ( ) lab on similar :stucHes in B. cereus. Of the 24 awards that 
matched with *spotie", 16 focused ion the use of spore proteins as vaccine candidates in 
the context of PA, 4 on treabnent. 2 on to>eins, '7 on pathogenesis, and 6 on irrelevarnt 
or,ganisms (bacillus :ean be used to define rod~shaped bacteria). Two of the 5 capsule
or~ented awards focused on mutti-'viale1nt vaccine development1 two on pathogenesi"S, 
and one was irrelevant Only one of the 3 dissemination~focu1sed awards wa:s targeted 
toward B. an.fhtacis vaccine development; the others we1re irrelevant !Finally, 55 awards 
involved Baci/lus lmmunizcition in mice. but 37 of them were 1focu:s·ea on other 
organisms [mostly the use of the bacillus Calmette-G:uerin (BOG) vaccine against 
Myoobacterium tuberculosis}, twelve focused on B. anthracois vaccine developmernt 
and/or B anthracJs to)(ins, one was directed toward treatment, and iour focused on 
pathogenesis. Nolile of the studies described i1n this protocol is the focus of any of the 
awards identified by NIH RePORT. 

RESULTS FROM PUBMED: The search parameters were as follows; Bacil/u:s AND 
(spores OR capsiule OR germination OR dissemination OR immunization OIR Certhrax) 
AND (mo:use OR mice) NOT Mycobacterium NOT mycobactell'ia fillt,ered by "Etnglish 
only·. The search yJelded 730 results. of which 213 wetre deemed irre,levant becau1s·e 
they focused on BCG a~ a va1cclne ot adjuvant, otlher Bacillus spp,1 olther organisms 
(.Listeria monocytogenes. Streptococcus pneumoniae), sierillzatlon techniques (Bacillus 
spores are used to determilne steril1ity), limmuniza·tion with Bacillus thonngierrsis Cry 
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toxins. the use of Bacillus spp. as probiotics. or cancer. A further 71 articles described 
the u.se of spores from various Bacillus spp. as a platfonn for vaccine delivery of 
he'teriologous antigens. and three reports showed the efficacy of lethal toxin variants as 
vaccine adjuvants, A iotal of 119 articles focused on the pathogenesis of anthrax 
disease in mice. These studies focused on the interactions of Bacillus anthracis spores 
and/or vegetative cells with various tells in the host. including macrophages and 
dendriti'c cells . In addition. many of the papers described the progression of anthrax 
disease in mice. guinea pigs. rabbits. and monkeys. Of the pathogenesis studies, four 
focused ion the development of models of gastrointestinal anthrax disease and eight 
described intranasal at'lt! aerosol models of anthrax lung disease, 

Further, a few dozen articles described the characterization of strains that contained 
mutations in B anthracis genes. An additional 27 Stlldies demonstrate the actrvities and 
functions of the anthrax toxins lethal toxin and edema toxin, which are critical virulenGe 
factors tor 8, anthracis. The other major virulence factor is the poly-D-glutamic acid 
capsule, which is the focus of 23 articles; of the 23, 16 focused on the protective 
capacity of anti-capsular antibodies during 8. anthracis infection. A total of 143 papers 
focl!lsed on the development of vaccines against anthrax. The vast majority (95} 
described many different versions of vaccines that target Proteetlve Antigen (PA). while 
others focused on the use of B. anthracis Sterne spores (10), spore proteins (3), lethall 
factor (17). and other Bacillus antigens {20). Most of the papers that demonstrate the 
use of spore proteins as vaccine candlid3tes are from my laboratory and/or the 
laboratory of our collaborator orlt6J<6) !Twenty-two mam.iscripts described the 
structure and functlon ?f spores, while an additional 19 papers focused on 1~ermina.tron . 
~hose rnanuscnpts are from the laboratory of our collaborator orJ~b)(5 I 
j::.._j 1hey describe the disro'Jery and characteriz.ation of 6-thiaguanlne as a 
geirmlnatio111 inhibitor. A total of 35 papers describe studies of trea.tments for anthrax 
d1isease, including 11 that describe monoclonal antibodies that reduce mortality, 12 that 
assess the efficacy of various antibiotics, and 12 that describe resser known treatment 
approaches. An additional 21 articles focused on different methods to detect Bacilius 
spores in the enviro:nment and 1how to rapidly differentiate non-pathogenic species from 
8. anthracis. One paper provided preliminary characterization of Certhrax, the novel 
ADP-ribosyltransferase produced by S. cereus 09241 that is the focus of some of the 
experiments in this protocol. Three other manuscripts descrit:>ed 8. cerevs G9241 : two 
studies from our competaor Dr~(bJ(6) !laboratory deserioed sorface 
struciures that play a role in virulence, and the third paper is the first paper to describe 
the 'Strain. 

A totail •O'f nine manuscripts were published by my laboratory. The studies deseribed 
herein are follow-on studies to those previously published. None of our proposed 
experiments overlap wi,th published research. 

ill. OBJECTIVE\HYPOTHESIS; Our hypotheses for the studies proposed herein are as 
follows: 1) deletion of putative or known virulence genes will alter the pathogenesis of 8. 
an:fhracis Sterne and B cereus G9241 : 2) Certhrax plays a significant role in 
gastrointestinal disease 'Caused by B. cereus G9241 and antibodies against the toxin 
will iprotect against disease progression; and 3) small molecules that inhibit spore 
germinaltion will 1reduce mortality caused by B. anthracis Sterne. Our goals are to 
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chara1cterite \he progression of B. anthracJs steme dis·ease. to character1ize tlhe rotes of 
toxins and t-~psult11s in El, oorevs G92141 l/1irulence, and to identify tandldate 
therape.uhcs to prevent or treat anthra'< disease. The specific aims an~. as follows: 1) 
as-sess the virulence of .a. an,thracis $te:rne or B. cere:us G9.241 strains in which ~ 
p'a'rticular virulence trait has been deleted; 2~ admi1nister :s. cereus G924~ to,xin 
components to assess their activity in vivo; 3~ monitor the location and kirretiics 1of 
gerrmination, vegetative outgrowth, atnd diss·emination of fl1uorescent «jerivatives of S, 
sn.thtacis St1eme arnd S, cereus <39241 in the mGl.!Jse wrltlh ah in vivo imaging system~ 
4) 1characteri2e the fn vivo efficacy of small molecules that infili'bit g·erminatlon of lB. 
anN1racis Steli'ne spores in ~ltro; and 5) assess 'the ca;pacity of ahdbodies again'st B. 
cerevs G~241 toxins orr capsrule to protect from disease .. 

JV. M1lltAR'I R,ELEVANCE,: The poterntlal LISe of ill antMacis a~s a weapon of 
baowQrfare was birou~ht to the forefront iin the aftermath of the terrrorist attacks of 
Sept,emlber 11 11

\ 2001 . From October to December 2001. a total o( 22 cases of 
co:nfir1med or suspec~ed bloterrorisrm~relatted anthrax occurred in the United States. 
Eleven of these cases were inlhalational '(the most ledhal form of the infection) ,and 
resulted in ·the deatlh of '6 ihoividuals. In light of these even'ts .. the developrment of 
therapeu~ic agents against /3. ·anthrac;is in~ectiorn is paramount for the protection of bo~h 
deployect military persormel and civiliians who may come into contact with sabotage,d 
Co'nlaminated rmaterials. Further. a more 'oompllete understanding of the [Priogression of 
disease caussd by these two highly related 1Baclflus species will inform future 
development of more effective vaccine and 1herapeutic carndldates, 

V. MATERIAL_liNO ~rE.THODS~ 

V.1. ExpedmentaJ De.s~gJo and GtJ'l.etallexooedures; 
A.. Three g_enerra~ t~R0S· of eXQeriments Will be O'Onduetecil in titre iS1Udles OIJtlin~d in thi? 
prntoeot 

1. Mice wi'U be inocolate.d with B. anthracis or B. cereus spores or vegetativ,e cells, 
or with pur,ified toxin component:s lby intranasal (i.n.), srulbclltaneous (s.c.), 
intra;gastr'ic (i.g,.), lntraperitoneal (i.p.), or intravenous (i.v.) administration and 
rmonitored for moffbldlty and mortality with death as an endpoint. The purpo~1e of 
these studies is to determine 1) if :isogernic mutant sttarins that lack a particular 
virule1nce factor exhibit a difference virulence profile tharn the parent s:train, 2) if the 
toxins 1Pr1oduced by 8. Oefieus G9,2·41 exhibit similar activity in 'Vivo as d<il ltheJr S, 
,anthracis counterparts, 3) if Certhrax contriibutes to B .. cereus G9241 virulence, or 4) 
the in vivo locat io111(s) of 8. anfhracls and ,a, cereus strarins that fluoresce a~ a 
particularr stage in grow.th (germination, vegetative outgrowth, dissemination). In 
some stucHes of speciifiic virulence factors (Le. Certhrax. pBC210 capsule). rabbit 
polyclonal ,antibodries against the viru~ence tractor will ibe ,adrninisterred before or after 
spore or toxin challenge to a-ssess the capacity of 1he arntiltiodles fo protect or rescue 
1rnioe 'from disease. 

2. !Mice wi'll be challelilged with ·B. an1fhracis Sterne spores and treated wi1th small 
molecules known to inhibit germination in vitro. The purrpose of these situdrles is to 
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detenrnine whether the small molecule(s) could be used as post-exposure 
prophylaxis to1 prevent germination and subsequent vegetative outgrowth in the host. 

3. Mice will be immunized multiple times with viable 8. cereus G9241 spores to 
generate convalescent sera to identify proteins and/or polysaccharides that are 
e)(pressed during infection. The purpose of this study is to determine if and where 
specific virulence 'factors (i.e. Certhra)() are produced during the course of disease. 

B, _E_o1 all_of the n:iou'S'e studies_outlined in this proto_cot 6~8 week old female AJJ Oft 

C5'76L/S miee will oe chaJl_e_n_ged tw one_ of five routes Ci.n .• !i.e .• Lg .. Lp .. or Lv.l with 
Bercillu$ anlhrar;is Sterne spores. B. cereus G92.41 spores or vegetative oells. qr purified 
toxin_comoonents (tg.+-o,p~. or i.Lonlil. Moribund mice wiil be euthanized by 
jnhala!iotn.al isofhn.ane overdose ron.owed by cervical d,islo~tion . We define moribund 
.as when the mouse ts crouched down cir lying in the bottom of the cage with little 
moveme.oceven wheo gently prodded. Other nonspecific signs that will be used are 
ruffte.d fur .. .Jethar:.gL.Jlunched posture. decreased alertness. weight loss__, andl difficulty 
breathing 

1. For i.n. inoculation. mice will be anetthetized with inhaled isoflurane delivered via 
a Xenogen XGl-8 gas anesthesia system or with i.p, ketamine (100 mg/kg) and 
xylazine (10 mg/ikg). Once anesthesia is confirmed by non-(esponse to toe pinch, 
mice will be inoculated i.n. by manually pipetting '50 µl heat·activated spores in H20 
onto the' nares (25 µI/per nostril). The mice will be held upright until the inoculurn is 
Inhaled (-1 min), then returned to thei r oages to recover from the anesthesia. Mice 
wm .remain in the laboratory for one hour after inoculation to permit careful 
monitoring of mice. The study endpoint will tle either death (see section V.4.5) or 
euthanasia 14 days post-challenge. Obviously moribund animals will be eothanized 
by inhatlational ove1rdose of C02 or isoflurane followed by cervical disrocation (see 
section V.4.6) 

2. For s.c. inoculation, 100~200 µI heat~activated Bacillus spores will be 
admin1lstered to each mouse behind the foreleg, between the scapulae. or at the 
base of the itail using a tuberculin syringe attached to a 26 gauge 0.5 inch needle. 
Mic.e will remain in the laboratory for one hour afler inoculation to permit careful 
monitoring of mice. The study endpoint will be either death (see section V.4.5) or 
eu~lilanasia 14 days po.sf-challenge. Obviously moribund animals will be eulhanized 
by inha'lational ovetrdose of C02 or isoflorane followed by cervical dislocation (see 
section V.4.6). 

3. For i.g, inoculation. six- to eight-week-old mice will be fasted overnight to reduce 
the volume of the stomach contents so that the entire inoculum can be administered. 
in addition. wate:r wm be removed from the cages 2-4 hrs prior to inoculation. The 
next morning, groiups of 1 O mice will be fed 102 to 109 vegetative cells or heat
activated spores of the Bac11/us strain to be tested in 50-100 µI PBS w ith or without 
8.5% sodium bicarbonate (NaHC03) to neutralize the stomach acid (see V. 1. 1.2 
below). The inoculation will be accomplished by oral gavage with a 20 gauge., 1 Yz" 
disposable gavage needle. After inoculation the animals will then be returned to their 
cages and permitted food and water ad libitum. The endpoint for this study is 
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extreme morbidity or mortality , as defined in Section V .4.5, and the experiment will 
be continued for up to 28 days. Mice will be monitored tor signs of extreme 
morbidity (see Section V.4.5 below for definition of extreme morbidity) , and obviously 
moribund animals will be euthanized by inhalattonal overdose of C02 or isoflurane 
followed by cervical dislocation (see section V .4.6). In some experiments. mice• will 
be euthanized by the same method at earlier time points to permit postmortem 
t issue harvest foHowed by histology and/or bacterial/spore enumeration. 

4. For Lp. inoculation, 100-200 µI heat-activated Bacillus spores of purified toxin 
components will be administered into the peritoneal cavity through the. ventral 
abdominal wall using a tuberculin syringe attached to a 26 gauge 0,5 inch needle. 
For i.v. inoculation. 100-200 µI heat-activated Bacillus spores or purified toxin 
components will be administered to each mouse by tail venipuncture or retro-orbital 
injection using a tubernulin syringe attached to a 26 gauge 0.5 inch needlle. Mice will 
remain in the laboratory for one hour after inoculation to permit careful monitoring of 
mice. The study endpoint will be either'death (see setfion VA,S)oreuthanasia 14 
days post~challen,ge. Obviously moribund animals will be euthanized by inhalatiornal 
overdose of C02 or isoflurane followed by cervical dislocation (see section V.4.6). 

V, 1.1. Assessment of virnlence of S. anthrat:is Sterne and S. cereus. G9241 and1 
mutants. In these studies, we will address the contributions of severail virulence: factors 
to the patltrogenesis of B, anthracis Sterne and/or B. cereus G9241 disease. The 50% 
lethall :d1oses {LOso) for B. anthracis Sterne administered i.n. and s.c. to AJJ mice are 6.3 
x 104 spoires and 1.6 x 103 spores. respectively and the L0 50s for B. cereus G9241 
admirnistered to NJ mice via i.n. and s.c. routes are 3.2 :x 105 spores and 1.3 x 103 

spores, respectively (10). We and others have previously demonstrated that the B. 
cereus G92·41 megaplasmids that encode the capsule operons and the toxin genes are. 
required for virulence (10). We propose to investigate the virulem:e of B. anthracis 
Steme or B. cereus G9241 mutants that do not prodvte certain capsules. toxins, spore 
proteins, or virulence regulators. We wfll test the virulence of these strains via s .c .. i.n., 
and/or i.19, routes. 

\l 1. tJ,_Jdentification o1 L_D.&l_oL B.._anthracjs_SJe,rne_or B. _cereus_G92AJJTJutaots 
delivered via s.c. or i.n . routes. We will assess the contribution of several virulence 
factors to the pathogenesis of B. arUhtacis Sterne or 8 , eereus G9241 disea1se, These 
experiments will be done twice with each bacterial strain in immunocompromised AlJ 
mice, with a wide range of doses used in the first experiment and a narrow range of 
doses used in the second experiment to more accurately pinpoint the LD50. lni addition ., 
a positive control group of mice infected with 10xLDso of the parent strain (B. anfhracis 
Sterne or B. cereus G9241) will be included for comparison purposes. If we find that a 
mutant is as virulent .as or more virulent that the parent strain, we w ill repeat the L050 
analysis in C57BL/6 mice. which are more resistant to infection with both parent strains 
(higher LDsos) because the m ice are fully immunocompetent. In some experiments .. we 
will ·cnallenge mice wi1h a complemented mutant strain in which the gene of interest is 
expressed ep1somaUy on a plasmid; for these studies. we will add to the drinking waiter 
5-rn g/L spectinomycin to maintain the plasmid and 25 mM isopropyl P-D
thiogalactoside to induce expression of the gene, Inasmuch as possible. more than one 
mutant strain will be tested in a given experiment so that negative (H20) and positive 
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(1 OxLDso of the parent strain) control groups can be shared. The LDso for each mutant 
strain wm be determined with two experiments. 

V.1.1.1.1. Subcutaneous experiment 1 for Bacillus mutants 
Group 1: 5 mice: 101 Bacillus mutant spores in HiO 
Group 2: 5 mice: 102 Bacillus mutant spores in HzO 
Group 3: 5 mice: 103 Bacillus mutant spores in HiO 
Group 4: 5 mice: 10"' Bacillus mutant spores in H20 
Group 5: 5 mice: 105 Bacillus mutant spores in H20 
Group 6: 5 mice: 106 Bacillus mutant spores in H20 
Group 7: 5 mice: 10xb0so Bacillus parent strain spores in H20 
Group 8: 3 m1oe: H2.o 

38 AJJ mice and 38 C578U6 mite 

V 1.1.1.2. Subcutaneous experiment 2 
Remove two do5es farthest from LD~o and increase to 10 mice/group for mutant 
strains only= 48 AJJ miGe and 48 C57BL/6 mice 

Total for subcutaneous e>tperirru:u1ts 
(38 NJ mic.e + 48 AJJ mice) x 10 mutant strains = 860 AJJ mioe 
(38 C57BU6mice + 48 C57BUS mice) x 10 mutant strains = 860 C57BU6 mice 
(if needed) 

V.1.1. 1.3. Intranasal experiment 1 for Bacillus mutants 
Group 1: 5 mice: 102 Bacillus mutant spores in HzO 
Group 2: 5 mice: 103 Bacillus mutant spores in H20 
Group 3: 5 mice: 104 Bacillus mutant spores in H20 
Group 4: s mice: 105 Bacillus mutant spores in H20 
Group 5: 5 mice: 106 Bacillus mutant spores in H20 
Group 6: 5 mice: 107 Bacillus mutant spores in H20 
Group 7: 5 mice: 10:xLDs0 Becfllus parent strain spores in H20 
Group 8: 3 mioe: H20 

38 AiJ mice and 38 C57Bl.J6 mice 

V 1.1. 1.4. Intranasal experiment 2 
Remove two doses farthest from LD50 and increase to 10 mice/group for mutant 
strains o:nly = 4& AJJ mice and 48 CS7BU6 mice 

Total for intranasal experiments; 
(38 AJJ mice+ 48 AJJ mice) x 10 mutant strains= 860 AJJ mice 
(38 C57BL/6mice + 48 C57Bl.J6 mice) x 10 mutant strains= 860 C57BU6 miice 
(if needed) 

Total for V.1.1.1: 
860 AJJ mice+ 860 AJJ mice= 1720 AJJ mice 
860 C57BU6 mice+ 860 C57BU6 mice mice::::: 17201 C67Bl/6 mice 
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V.1. ~ ,2, Oet:ermi11:ation of L01ms of 18. crJ,teu~ GS.241 and isoqenic mutan~s del1vereo via 
h,ig, J.OQ:tliJlaii£m. Be<}'atise we hav~ not osea tfle i .~ . animal model previotJsly for BaciJ/rfJs 
spp., a p'ilot stuay ls neeoErd to detenrnine whether NaHC03~mediated stomach acid 
newtralliza'H(l}f11 is relQuired to [promote coh:imiz1atlon of the GI tract ~nd whether spores iar 
vegetative tells colonl:ze the 'GI tract more efficiently. We have many years of 
ex1perien1G@ wlt_tLcltiali!rroeulation studies w.i~h Shiga foxin-iprodtJcing E. coli. :Shiga toxins 
aina ricu;l16)(6) land previous verrs'ions tihereof), so we are confident that we wlfl 
idenitify the optimal inoc1wlaHon 1oonditions quickly and w~th as few mice a~ possible. In 
their stl!ldies of Ba:cillus GI Infection. Rolny et at. inoculated C57BLl6 mice with 108-109 

,£3. ceteus vegetativ1e cellls (food ilsolate) suspended in PSS (11), while Gl0rnski et al. 
inocu~ateti 6ALB/t mioe wiU1 1 o~ spores of a non-t·oxigenic but tapsulatea a1nd 
luminessent B. anthraoi~ strain suspended in PBS (1~) , In contrast. Xie e.f al. first 
administered NaHC03 by gavage. then immediately delivered 2.3)(106-2.3><109 ,B. 
anthracis Sterne v.egetat[ve cells suspended ln oulaute medium; the LDso was 
determined to be 2.3)(101 Sterne cells ·(1~)- For these :studiles . . a. cereus G9241 spores 
or vegetative cells wm lbe administered to fe:male ,AJ,J mioe via i.g. gavage as described 
in V, 1.B,3 above. In the pilot study, tecal samples wirn be collected every day for 4-7 
days to enumerate the ba-cterrlal lo'a'd, which win all0w us to de~ermine the efficiency of 
lntest1inal colonization. In sub'sequernl studies, fecal collection ~ntJ b~cterial enumerrattiorn 
will be done as needed to assess colonization. 11n addititHil; intestine~, stomach, spleen, 
liver, ainll !lungs will be collected postmortem to asse:ss histology and hacteirial loads in 
~hose orgain'S. Mice wi11 tie monito:red for morbidity arnd 1mortality several times each 
d'ay, and extremely moriib'Und mice willl be euthan1ized by inrhalational isoflurane 
ov,erdose followed by cervical disllocation. 

V.1.1.2.1. Pilot study to determine the appropriate mocu/um (spores \is. 
vegetative oells) and the appropriate medium (PBS .;t NaHC03) for inoculum 
delivery. Some form of the pilot study wtill li'kely need to loe coiildueted 2-3 times 
urntll we determine that th:e ct:rndifrons are optimized. 

Group 1: 'H) mice: 1019 G924 ~ spores in o. 1 ml PBS 
Group '2: 1rO mice: 109 0924~ vegetative cells in 0.1 mtl IPBS 
Group 3: H) mice: 10~ G924~ spores in 0.1 iml PBS, pretreated with 0.05 ml 

6.5% (w/v) NalliC03 
Group 4: Hl mice: 109 G9241 vegeitative cells in 0.1 m11 IPBS, pretreated with 

0.05 ml 8.5% (w.fv) NaHC03 
Group 5: 5 mice: PSS O'n1ly 
Group :6: 5 r:nu~e ;_J'ES onll;.t, oreltreated with Cl .1())5__m1 S.5_% (wtv) NaHCQ~ 
50 NJ mice x 3 iteratioris = 150 A!JJ mice 

V.1.1. 2 2. Determination of l.D,so for G9241 :delivered by i._g, gtrivage. B. oereas 
G9·241 spores er vegetative cells suspended irn IPBS ± NaHC03 (as determined 
in V.1.12.1} wlll be administered via ijog. gavage as de~scribed i1n V.'1.8.3 above. 
The i.g. LDso e'lCfperiment will be done twice with G9241, wilh a wide range of 
doses used in the first experiment and a narrow range of doses used in the 
second experiment to mor1e accurately pinpoint the LD50. 
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V.1.1.2.2.1 lntragastric experiment 1 
Group 1: 5 mice: 103 G9241 
Group 2: 5 mice: 104 G9241 
Group 3: 5 mice: 105 G9241 
Group 4 : 5 mice; 106 G924f 
Group 5: 5 mice; 107 G9241 
Group 6: S mice; 108 G9241 
Group 7: S mice: 109 G9241 
Group 8: 3 mice: H~O 
38 AJJ mice 

V.1.1.2.2.2 lntragastric experiment 2 
Remove three doses farthest from LDso and increase to 1 o mice/group = 
43 AJJ mice 

V.1.1.2.3. Determination of LD:;oS for G9241 mutants delivered by i.g. gavage. 
These studies will be conducted exactly as in V.1.1.2.2 above, ei<cept that one 
additional group of 5 mice inoculated with 10xLDso G9241 will be added to each 
study as a positive control group. 

V. 1. 1. 2. 3. 1 lnfragastric G9241 mutant L050 experiment 1 
Group 1: 5 mice: 103 '39241 mutant 
Group 2: 5 mice: 104 G9241 mutant 
Group 3: 5 mice: 105 @9241 mutant 
Group 4; 5 mice: 106 G924·1 mutant 
Group 5: 5 mice: 107 G9241 mutant 
Graul) 6; 5 mice: 108 G9241 mutant 
Group 7: 5 mice: 109 G9241 mutant 
Group 8: 5 mice: 10xLD50 <39241 
Group 9: 3 tnice: H7Q . 
43 AJJ mice x 8 mutant strains = :258 AIJ ml'ce 

V.1.1.2.3.2 lntragastric G.9241 mutant LD50 experiment 2 
Remove three doses of the mutant farthest from LDso and inerea.se to 1 O 
micefgroup l% 48 AJJ mice x 6 mutant strains = 288 A/J mice 

Tiota~ for V.1.1 ,2~ 777 Al J mice 

T1otal for V.1.1 : 
1'720 AIJ n1'1ee + 777 AJJ mice = 2497 AJJ mice 
1'720 c .57BLl6 mice (if nt!eded) 

v .1,2. Experiment 2: Determination of toxicity of putative B. cerfjtJS G9241 lethal 
toxin (LT), edema (ox.in (ET), aod Certhrax. The purpose of these studies is to 
irnvest~gate the potential fo:r each of these toxins to contribute to El cereus G9241 
dijsease. As mentioned in the Background. LT is composed of PA+ LF and ET is 
composed of PA + EF. The activity of these toxins in B. anthracis has been 
characterized: in these studies, we propose to confirm that the B. cereus G9241 toxins 
exhibit the same in wvo activities as thek B. anth1racis homologs. Additionally, Cenhrax 
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is a 8. cereus ·G9241-specific toxin '~hat 1oontai·n,s a PA blnding domain an(j a functional 
ADP-ribosyltransferase domain: how.ever. we do not yet know if PA ls requited ifor 
C-eittuax activity in Vi~ro or in vivo. 'Prior to "nltlatlon of t-D50 studies in mice, we wrill 
confirm that each toxin is 'ftllnctlonal in in vitro systems. 

The LDso studies will be conducted in C578Ll6.D m1ice atc"°rtlinQ to established models 
of LT and ET toxicity. 1Female Cl57BLl6J mice willl lbe li111jected i.p. with PA+ rLF (1 :1 
ratio} or w1fth PA+ EF (1: 1 ratio) in sterile saline as described in V.1, :seotlon 84 abc:we. 
Previc>Us st(Jiaies by other groups have shown tl'l'at C57SL/6 miee inoculated Lp. with 
lOO µg PA +100 µg LIF from El anthracis typlcallly die within 3 days alfter injec1ion (14) 
and those triloculateil i.v. 'with 25 µg PA+ 25 µg EF !from •B. aninracis a~so die within~ 
d·ays after inj~ctlon (1 '5). Mice will be weighed daily to determine if a correlation 
bt!tween wa1lghi loss and eventual death exists. Mke w.ill be carefu'lly monitored as 
descr1ibed in V.4.5 and eutl'lanrized as in V .. 4.6 ~f they are extremely moribund. 

The published lethal doses for the B. a,nfhracis toxins and the relat11ve in vi.tro toxicities 
o'f the B. cerevs G.9'241 toxins compared to the B. anfhrads to~lns will guide the dosing 
strategy for the first L050 stuay for each B, arereus G9241 toxin, 

v. 1. 2. 1 L·ethal Toxin Expen·mertt 1: Groups 1-7 wi!ll be into:><licated with doses ·of the 
B. cereus G9241 to)(in components that correspond with the published L1050s for 
e,ach B. anthracis foxirn (i,e. for Group 1, 1rnioo will be intoxicated with doses .of the 8, 
'Gereus G9241 PA and LF that correspond to 20 LDsos of ~he El anithracis ~oxin 
com1ponents). Group 8 will be inta)(lca~ed with ·B. anthracis Ste1tne toxi'n components 
(colfltrol). 

Gro1up 1: 5 mice; 20i<LID~ 8. anthracis PA+ 20,xl05o B. anthracis ILF 
Grouip 2: '5 mioe; 10)'.LD&o 8 . anthracis PA+ 10.xtDso 9. anthracls LF 
G1ro1u,p 3: 5 mice: 5xLD50 B. anthrac.is PA+ 5xLD:>o B. anthracls LF 
Grnup 4: ·5 mice: 1xLDso 8. anthracis PA+ 1xlDso 8 . anthracis LF 
G1ro1up 5: 5 mice; 0.5xl.D.:'m B. anthracis PA+ 0.'5xLD50 S. anthracis LF 
Giroup 6: :5 mice: 10xl1Dso B. anthracis PA 
Giroup 7: ·5 mice: 10xL'D50 B. anthracis 1..F 
Gro1up 8: 5 mice: 10xLID§Q 8. anthr:acis PA+ 10xtDfill 8. an1hracis LF 

40 C57BU6J mice 

V.1.2.2. i.1ethal Toxin .Experiment 2: Groups 1-5 will be intoxicated W1ith B .. cereus 
G9241 toxin 1ccmpornents. Grrou1p 6 will be intoxicated with B. ,anthracis Ster:ne toxin 
components {Contirol). 

Group 1·: 5 mice; 20xLDso B. oereus PA+ 20xLDso B. cereus LF 
Giroup 2: 5 mice: 10xLDso 8. oereus PA+ 10xLDso B. cereus LF 
Group 3: 5 mice: SxL090 B. cereus PA+ SxLD.so B. cereus u= 
Group 4: 5 mice: 1xLD50 B. cereus PA + 1xLD&J B. cereus LF 
Group 5: 5 mice: 0.'5xLDso .B. cereus P,A + '0.5x1LDso B. cereus LF 
Group 6: 5 mlee; 1 OXLD~B. ,ant·hNiti,ls PA + 1 ~l~ B. aaJflrliJ_CiS LF 

30 C57BU6J mice 

Total for V.1.2.1 and V. f .2.2: 40 1mice + ,30 1mice = 70 C5?BU6J mice 
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V.1 .2.3. Edema Toxin Experiment 1: Groups 1-7 will be irtto~1ioated w~tfh doses of 
the B. cereus G9241toxin 1components that correspond with the published LD1sos for 
each B. anthracis tox'i'n (i.e. 'for Group 11 mice will be intox!ca~ed wiitrn doses 1of the 8. 
cereu.s G9241 PA and EF that correspor:id lo 20 LDsos of the B. anthracis tox'in 
c·omponents). Group swill DE! intoxil}a.ted with IB. anthracis Sterne toxin components 
(control). 

Group 1: 5 mice: 20xl..D50 B. anth-racf.s PA+ .20xlD50 B. anthtacis E.F 
·Group 2: 5 m'ice; 10xLD50 B. anthra·Cis ~A+ 10xLDso ll enthf:acis E.F 
Group 3: 5 rnic~'. 5xLDsa .s. antMacis PA• 5xLDso B. anthracis EF 
Group 4: 5 mlice: 1xLb 5b S. anfhracis ,PA + 1><LD~~ B. anthtacis EF 
·Group 5: 5 mite ; 0.5xlDso 6 . anthracis PA + io.SxtD.so B. an~hracis EF 
Group 6· 5 m'iee: ·10xl.D50 B. 1anthta.cis PA 
Group 7: 51111 1ice: ·1oxL050 B. ant-hracfs F.:F' 
Group 6: 5 mice;; 10xLDMi B, enthrarols PA+ t OxlOia El anthrac:i;s_EF 

40 c157BU6J mit e 

V. 1.2.4. Edema Toxin Experiment 2: Groujps 1-5 will be untoxicated with El cereus 
"39241 toxin components. Group 6 wi'll be intoxicated with B. antl'tracis Sterne toxin 
components (oo:ntrol). 

'Group~: 5 mice: 20xLD50 B. roereus PA+ 20xLDso B. oereus IEF 
1Group 2: 5 m'iGe; 10xLDso B. 1C1e.fe,fJS PA+ 10xLD50 B. Cefe.IJJS IEF 
Group 3: 5 mice: SxLD~o a. ceteus RA+ 15xLD50 B. cereu:s EF 
·Group 4: 5 lll'icf: 'hL050 ,a. cereus PA ... 1xLDso B. Gereus l:F 
Group 5: 5 m:ice: 0.5xlLD50 8, cereus PA+ 0 .. 5x1l..IJ50 8 ,, cereus EF 
1Group 6: 5 m1ice: 1 10xLO~oA_anttlran.isJ~A_±_ 10xJLD®_B. ~nthrocls EF 

30 c :s7BU6J mice 

Total tor V.1.2.3 and V.1 .. 2.4: 40 mite+ 30 mite= 70 CS79Li6J mi·t 1e 

V. 1. 2. 5. Certhrax Experiment 1: Groups 1-5 will be irito:Kici!ited w~tlh B. cereus 
G924'1 toxin component .combinatio111s. GrotAps 6 a111d 7 will be intoxicated with the 
lndivldual B cere:us G9241 toxin oom,ponents. 

Group 1: 5 mice: 5100 iµg PA+ 500 µg Certhrax 
:Group 2: 5 mice: 1!00 l~Q PA+ 100 µg Genthrax 
Group 3: 5 mice: 50 µ,g PA+ 50 µg Certhrax 
Group 4: 5 mice: 5 µ,g P.A + 5 µg Certhrax 
Group 5: 5 mioe: 1 µ,g PiA + 1 µ,g Certhrax 
Group 6: 5 miee: 100 µg PA 
Group 7: 5 mace: 100 yg Certt1t.a>c 

35 C57BU6J Mice .K 2 forms rof PA = 70 C5718L16 mice 

V.1.2.6. Certhrax Experiment 2: Gr.oups 1-5 wi'll be into:><icated with B. cereus 
G9241 t@xin compohent oom'binations, Groups 6 rand 7 will be into:xkated with the 
individual B. cereus G9241 toxin components. 

Group 1: 5 mice; 20xLD5o B. -oete'!JS PA+ 20xLD50 Certhra>e 
Group 2: 5 mice: '10xLDso B. ·c,ereus PA+ 10xLD5o Certhrax 
Group 3: 5 mice: 5xLD50 S. cereus PA + SxLD50 Certhra,x 
Group 4: 5 mice: 1 xLD1;o B. cereus PA+ 1:xLD50 Certhnax 
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Group 5: 5 mice: 0.5xLDso 8. Gere/JS PA+- 0.5xLDso Certhrax 
Group 6: 5 mice: 10>:LD~o PA 
Grroup 7: 5_ mice: 10xL050_C.e_dt!Lax 

35 C571SU6J mice x 2 forms of PA= 10 C57BL.J6 mke 

Total for V.1.2.5 and V.1.2.6: 70 mice+ 70 mice % 140 C57BLJ6J mice 

V.1.2. 7: Certhrax and Lethal Toxin Synergy: lfwe determine that Cen.hrax and LF 
act synergistically to elicit increased cytopathicity or cytotoxicity in vitro. we will test 
the synergy hypothesis in vivo. Fo~ these studie.s, we will first identify an appropriate 
sublethal dose of PA 1 + LF and, if PA2 acts as a binding partner fGF l..F in vitro 
and/or for Certhra)( in vitro and in vivo, of F>A.2. + LF. The published LDso for PA1 + 
LF administered i.v. is -50 µg of each component (16). so we wlll cohduct a dose 
response experiment with 4 doses of PA1 + LF and of PA2 and LF. The 4 doses torr 
the PA2 and LF dose response will be determined based on the relative toxicity of 
PA 1 + Certhrax and PA2 + Certhrax (i.e. if the LD50 for PA2 + Certhrax is +fold 
lower than the LD5c for PA1 + Certhrax. we will use doses of PA2 + LF that are 4-
fold lower than the doses for PA 1 + LF). 

V. 1.2. 7. 1: LD50 determination fot PA 1 + LF to identify a sublethaf dose. 
5 mice: 10 µg PA1+10 µg LF' 
5 mice: 25 µg PA1 + 25 µg LF 
5 mice: 50 µg PA1+50 µg LF 
5 mice: 500 ug PA 1 + 500 ug LF 
20 C57BU6 mice 

V.1.2. 7.2: LD50 determination for PA2 + LF to identify a sublethal dose'. For PA2 
+ LF dose response. doses will be adjusted based on the relative potency of 
PA2-Cerlhrax (from V.1.2.5 and V.1.2.6 above) 

5 mice: 10 µg PA2 + 10 µg LF 
5 mice: 25 µg PA2 + 25 µg LF 
5 mice: 50 µg PA2 + 50 11g LF 
5 mice: 500 ug PA2 + 500 ug LF 
20 C57BU6 mice 

V. 1.2. 7.3: Assessment of synergy between Certhrax and LF The doses, fo be 
used in these studies will be extrapolated from a comparison of the in vitro 50% 
cytotoxic doses {CDso) and the in vivo LDs-oS. That is. if we find in vitro that PA+ 
0.25 CDso LF + 0.25 CDso Certhrax c.auses cytotmdcity to 100% of the cells. we 
will begin our in vivo studies with an estimated LD50 of PA + 0.:25 L050 LF + 0.25 
l..Dso Certhrax. 

5 mice: 10 LDso PA 1 + 10 LDso LF (positive control for LT-mediated le~hality) 
5 mice: 10 LDso PA 1/PA2 ·+ Certhrax (positive control for Certhrax-mediated 

lethality) 
5 mice: *PA1 + 5.0 LD50 LF + 5.0 LD50 Certhrax 
5 mice: •pA 1 + 1.0 L050 LF + 1.0 LD50 Certhrax 
5 mice: *PA 1 + 0.5 LDso LF + 0.5 LD50 Certhrax 
5 mice: •pA 1 + 0,25 LD50 LF + 0.25 LD50 Certhrax 
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5 mice: *PA 1 + 0.1 LDsu LF + 0.1 l Dao Certhitax 
5 m1~.e_: *P.A1 . .,. 0.025 lO:.Q, LF '!'_Q.025 LOso C_ertbrax 
40 ·C51eiJ6 mice~ 4 i•erations; i60 C:157BU6 mice 

"PA2 will be included in the:s·e experiments !f we find 1tha1t P'A.2 is the prefenred 
in vivo bindltng partiner for Cerihtrax it1 V. 1.2.5 and V.1.2.6 above. 

Total for V.1.2.5; V.1.2.6, aind V .1 .2.7; 70 mice + 70 mio1e + 2·00 mioe = 340 
C~7BUSJ m'ic9 

V. t .!"" Ex_nerlment 3~ ·in vivo imaging of B. rmth.'f:BfiJs_ S,tgme,ge:rmim~tion. 
outgr<>W1h,, ~nd diss•ttdnation. Our rpli'evaou~ in vivo imaging studies u~~d the IVIS 
'HJO ini vivo imaging system to vlsllalize 13. an:thracis .Sterne de11lvatives tlhat produced a 
lunnlnes·oofilt si~nal wtnen spo1res germinrated o·r grew vegetati~e'ly in riespon:se to host 
signals (17). The lufnines·cemt signal was suffiden.t to provide Information about the 
general location in vivo of ·a large bo1lus of spo:res or ve·getative bacilli, but we were 
urnable to vlsua'lize the less intense signal in vivo: itiStead. we used ex vivo jmag'ing of 
01rga1ns fpost~necroprsy at specific time potnts post-inoculation. To more accurate·1y study 
the stages 1of Bacillus growth and the locations within the ho'st in which these eve.nts 
occur, we wlll use our Car1estreaim Multispectra11 FX Pro (MS FX IPro). Tlhe MS FX Pro 
has a larger dynamic rra'ng@ and a higlher sig111al:nolse ratio for 'fluorescence: in addition. 
it has x-r~y ca:pabilily that permits rno:re accurate signal localizat·ion. Constrnction of 
fluorescent B. anthracis Sterne 11eporter strains that contain one •of tihe Red Fluorestent 
!Proteins i(RFPs) mKate2, E2-Crimso1n, and FP650 is underway. These reiporiters will be 
controlled by gerrininatioi'il . vegetative :growth, or spornlation promoters and wlll be 
expressed 1episomally. lln addition. we plan to label B, amhnacis Stert1e-RFP spores 
with 1an .AlexaFluor [label. w:nich wm allow us to mon]tor depasition and u:ptal~e of spores 
in the airway in a manner th•at does not require bacterlafl transcription, which ·is required 
for e,x.pr.esslori of HFP. The choite of Alexa-Fluor label iand RFPs allow f.or 
sijmultaneous measurement of multiiple fluorophores at once with the MS FX Pro 
unmixing func1ionality of our in v.fvo imag'ing system. 

V11.3.1 . Viru~ence assiessment at B. an.thracis 'Sterwie-RFP strains. Our e.arllier stii.Jdies 
showed that the UJ50 for B. anthtacfs Steme-sspB::lux sporres administered s.c. to AJJ 
miGe is higher than that of the wild-type B. anthracis 8t•erne ·s:pories (1.5x1•04 CIFU vs. 
2.3x10'.l CIFU, respectively). Siml11arly, the L050 for the B. ranthracis 'Sterne~sspB::lux 
administered i,11. to AJJ mice is 1.4x106 CFU. while 1the LDso for wild-type B, anthracis 
Ste:rne is 6.7x'104 CFU. In order to ruse the B. anthracis Sterne-RIFP •constructs to 
monitor the diffe1rent stages of infection. we first need to estab!lish the L050 fo:r these 
strains when deliverred s.c. or i.n. As ment·ioned above. we will te:st the s.c. arnd Ln. 
viirulence of three different S. an.thracis .Ste.rne-RFP con:strncts {mKate2, E2-Cwimson, 
FP650) that are expressed by promoters that a~e active during germination, vegetative 
outgrowth. or sporulation. 
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V.1.3.1.1. Subcutaneous Inoculation Experiment 1 
Group 1: 5 mice: H20 or sterile saline 
Group 2: 10 mice: 103 13. anthracis St.erne·RFP spores 
Group 3: 10 mice: 104 e. anthtacis Sterne-RFP spores 
Group 4: 10 mice: 105 S. anthracis Sterne-RFP spores 
Group 5: 10 mice: 106 B. anthracis Sterne-RFP spores 
Group 6: 10 mice: 107 fl anthracfs Sterne-RFP spores 
Group 7: 10 mice: 108 8. anthracis Sterne-RFP spores 
Group 8: 10 mic~xLD~ B. anJhracls Ste_rne spores 

75 AJJ mice ~ 3 RFP strains = 225 AJJ mice 

V.1.3.1.2. Subcutaneous experiment 2 
Remove two doses farthest from LD50 = 55 AJJ miee x. 3 RIPP strains = 165 mice 

rotall for s.c. experiments = (75 + 55) x 3 RFP strains= 390 AIJ mice 

V. 1. 3. 1. 3. Intranasal lnocvlation /Zxperiment 1 
Group 1 : 5 mice: H20 or sterile saline 
Gr·oup 2: 'IO mice'. 10" B. anthracis Sterne-RFP spores 
Gro·up 3: 10 mice; 105 B. anthracis Sterne·RFP spores 
Group 4.: 10 mice: 10° B. anthracis Sterne-RFP spores 
Group 5: 10 mice: 107 B. anthracis Sterne-RFP spores 
Group 6: 1 o mice: 106 B. antlvacis Sterne-RF P spores 
Group 7: 10 mice. 1 OxLD@ B. anthracts Sterne spores 

65 Af J mice x 3 RFP strains = 19S AJJ mice 

V. 1.3.1.4. Intranasal experiment 2 
Remove two doses farthest from LDso = 45 AJJ mice x 3 RFP .strains= 'f 35 AJJ 
mice 

Total for i.n. exiperiments = j65 + 45) x 3 RFP strains = 330 AIJ mice 

Total mice for V.1.3.1 ~ 390 + 330 = 720 AIJ mice 

\11 ,3.2. Assessment of deposition. uptake a_nd dissemination u~ingi Aleica Fluor:tabeled 
Jive or dead spores. We will label a. anthrac:is Sterne-RFP spores with an Al'exa-Fluor 
(AIF) conjugate. a ftuo:rescent molecule that emits fluore-scence when the spore is intact 
(before germination occurs). so that we can monitor deposition and uptak.e with the in 
vivo ~maging system. We will monitor germination, outgrowth , disserninattion. and 
sporulation through detection of the RFP signal (·different excitation aind emission 
wavelength:s than the AF). Thus, we will be able to observe each step of inhalational 8. 
,anlhrat;is disease. In addition. mice will be inoculated with rnon·viable spore.s to observe 
1deposition and uptake of spores by host cells in the absence of genninationi and to 
determine the length of time that spores can persist in the airway. Epidemiofogical data 
'from the human anthrax outbreak in Sverdlovsk, USSR in 1979 suggest that viable 
spores can persist in the airway for up to r45 days after exposure (18). 

Female NJ mice will be inoculated i.n. or s.c. (described in V.1. sections B1 and 82) 
with 10xLDso AF·labeled S. anthrai;is Stetne-RFP spores (determined in V.1.3.1) in 
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H20. At O.S. 1. 6, 12, 24, 48, 72 hrs, and 2 weeks post-inoculation, 5 mice will be 
anesthetized with isoflurane and placed on a heated platform within the imaging. bcx of 
the MS FX Pro for imaging('"" 5 min). After whole animal imaging, each mouse will be 
euthanized by inhalationa ~ isoflurane overdose and cervical dislocatron, the1 body cavity 
will be opened and the organs e:xposed for ex viv·o imaging, then the organs willl be 
harvested and homogenized for enumeration of spores ana vegetative bacilli. fhls 
experiment will be done twice with each of the tllree AF=f3. anthracis Sterne=RFP 
strrains . 

V.1.3. 2 1: Dissemination of Alexa Fluor-labeled B. anthraois Sterne-RFP spores 
after i.n inocufation 

Group 1: 5 mice euthanized at Ct5 hr: 10xLD6o AF-8. anthracis Ste,me-RFP spores 
Group 2: 5 mice euthanized at 1 hr: 1 OxLD50 AF~B. anthracis Steme-RFP spores 
Group 3: 5 mice euthaniZed at 6 hrs: 1 OxlDso AF-B, anttrraois Sterne-RFP spores 
Group 4: 5 mice euthanizea at 12 hrs: 10xLD61l AF-S. anthracis Sterne-RFP' spores 
Group 5: 5 mice eutl'lanized at 24 hrs: 10xl05o AF-8. anthracis Sterne-RFP' spores 
Group 6: 5 mice euthanized at 48 hrs: 1 OxLD50 AF-B, anthracis Sterne-RIFP: spores 
G1roup 7: 5 mice euthanized at 72 hrs: 10xLDso AF-S. anthracis Sterne-RfP; spores 
Girourp a· 5 mice euthanlzed aJ__JA_days· 10)(U~w AF~s anthrac1s Sterne~sFe_,sp..oJr..e_s 

40 mice x 3 S. anthracis strains x: 2 iterations = 240 AJJ mice 

V.1.3.2.2: Dissemination of Alexa Fluor-labeled B. anthracis Steme-RFP spores 
afters c. inoculation 

Group 1: 5 mice euthanized at 0.5 hr: 1 OxLD5cr AF~B. anthracis Sterne-RFP spores 
Group 2: 5 mice euthanized at 1 hr: 1 OxLDso AF-8 anthracis Sterne-RFP spores 
Group 3: 5 mice euthanized at 6 hrs: 10xLD6o AF-B. anthraois Sterne-RFP1 spores 
Grou1p 4: 5 mice euthanized at 12 hrs: 1 OxLOso AF-S. anthrac;s Sterne-RFP spores 
Gtou1p 5: 5 mice euthanized at 24 hrs'. 10xLD50 AF-8. anthracis Steme-RFP spores 
Group 6: 5 mice euthani:zed at 48 hrs: 10xLDso AF-S. anthracis Sterne-RFP spores 
Gro1up 7: 5 mice euthanized at 72 hrs: 10xl050 AF-S. anthracis Sterne-RFP spores 
Group_8;___,5 l'Jl1c_e__eulhanizJ?d aLt4 dav.s· 1 OxLQ~ AF·B a11tlm3.cis S..teme-RFP spores 

40 mice >c J S. anthracis strains x 2 iterations = 240 AJJ mice 

V.1.3.2.3 Persistence of AF-B. ~ntnracis spores in the airway. We will investigate 
the :number of dsys that non-viable AF-S. antfJracis Sterne spores persist in the 
airways by daily imaging of mice inoculated i.n . with these spores. We predict that 
the spores will remain fiuorescent until they are cleared by the mouse. The AF-B. 
anthracis Sterne spores will be inacti\lated by t.Jltraviolet irradiation or fixa.tion in 10% 
formalin for one week. Loss of viability will be confirmed by bacteria! enumeration 
on agar 1Plates and in liquid growth media. AJJ mice will be inoculated i.n. with non
viable AF-B anthracis Sterne spores and monitored by whole body in vivo aind 
organ ex vivo imaging as described in V.1.3.2.1. 

Group 1: 5 mice euthanized at 0.5 hr: 107 AF-B. anthrac:is Sterne spores 
Group 2: 5 mice euthanized at 2 days: 107 AF-B. antflracis Sterne spores 
Group 3: 5 mice euthanized at 4 days: 107 AF-B. anthracis Sterne spores 
Group 4: 5 mice euthanized at 7 days: 107 AF-8. anthracis Sterne spores 
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Group 5: 5 mice euthanized at 14 days: 107 AF-S. anthracis Sterne spores 
Group 6: 5 mice euthani.zed at 21 days: 107 AF-8. anthracis Steme spores 
Group 7: 5 mice euthanized at 28 clays: 10~ AF-8 . anthracis Sterne spores 
Group 8; 5 mice euthanized at 35 days: 107 AF-8" anthracis Sterne spores 
Group 9: S mioe euithaniZed at 42 days: 107 AFM8. anthracis Sterne spores 
Group 10: 5 mice euthanized at 49 days: 107 AF-B. anthracis Sterne spores 
Group 11 5 mioe euthanized at 56 days: 107 AF-8. anthracts Stern~ spores 

55 mace x 2 iterations= 110 AJJ mice 

Jotal mite for V.'1 .3~2 = 240 4- 240 + 11O=590 AJJ mice 

,Total mice for V.1.3 = 720+590=1310 CS1BU6J,,,mi,ce 

V, 1 .. 4. Experiment 4. Characterization cf efficac'( of theraeeutics to treat 13, 
anthracis Sterne and/or B. cereus GS241 infections. 

V, 1.4.1. Ciharacterization of efficacy 1of small molecule inhibitors of germination. Small 
moleeulle compounds .(SMC) that prevent both 8 . anthracis spore germination and 
macrophage killing t1lll oe tested in AJJ mice for the capacity to prevent disease 
progression and death of animals challenged iA or s,c, with otherwise le.thal doses Qf 
B . . anthracis: Sterne spores. The SMC 6-Thioguanine (6-TG) has b_e_eo_s_bP.WJlJo inhibit 
spore getmination in vitro (9). In preliminart in vivo studies underlt0l161 I we 
found that two doses of 6-TG administered s.c, 4 hrs and 1 hr prior to s .c, inoculation 
witlh 1 OxLD50 B. anthracis Sterne spores at the same site protected 10/25 mice from 
mortality and extended the median time-to-death for those mice that succumbed. We 
also found that i.v. administration of 6-TG 4 hrs and 1 hr prior to s.c. inoculation with 
1 OxLD50 B. anthracis Sterne spores protected 4/15 mice from death; however. the 
median time-to-death was not altered in this group. When we adrninistered 6-TG by i.v. 
injection 30 m in after s.rc. spore challenge. we rescued 2115 mice. 

In the current studies. we propose to further assess the therapeutic capacity of 6-
TG and to determine the efficacy of two SMC that we identified in an in vitro screen as 
, erminauon inh ibitors. The .two SMC areEx4

> land 
<b 41 and their use m these studies was approved in a minor 
modification t ' l<4

> see Table 1.4 .1.1 for the relevant properties of each SMC. 
1111 prreliminary toi:r:icny studies, we found that all mice injected s.c. wit~t wrtti(bX41 
at doses up to 25 mg/kg survived. The s~olubility of these SMC at 25 mg/kg is poor, so 

Table V.1.4 , 1.1 Small molecul~ inhibitors of B. an.thracis Sterne snore aermination 

Name 
64hioguanine 

{6~TG) 

lnhibitorv Activit~ sooristatfo 
Macr·oJ:>.haae ICgo 450 uM 
Macrophage Toxicity >4M µM 

i.p. injection 
Mouse Toxicity LDso"" 50 

mg/kg 
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(b)(4) 

sooricioal soorlcidal 
za uM 1.6 uM 

>100 µM 10-50 µM 
i.p. injection. day 5 i.p. injection, day 5 
survival survival 
50 mg/kg, 200 mglkg: 79--266 mg/kg: 6/6 
516 400 mg/kg: 17/1S 
100 mg/kQ: 416 600 mQfk!) ; ve 
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we will use the SMG a't 0.5 mg/kg (doses up ta 25 mg/kg may be used if we identify a 
more effective di:luent that is safe to administer to mice . 

Mice will be tr~ated :s.c .. i.v. or i.n. with 6-TG ,~4~-..................... ., _ iluteti in sterile 

saline containing _s5°/o DMSO (and 0.1 % Tween-80 fo K l at various time points prior 
to or after inoculation w,ifh 1 Ox L050 B, anthracis Sterne spores. 'Table 1.4.1 .2 shows 
the SMC do•sing and 'timing strategy for s.c. or i.n. spore inoculation and s.c., i.v., i.n., or 
i.v. SMC Inoculation. Two sets of experiments will be conducted for each timing and 
dosing s~rategy (Table V.1.4.1.3); in the first experiment. we will use 10 miceJtreatment 
group, and. in the second experiment. we will use 15 mice/treatment group. Further, 
each experiment will have 1 O control mice: 5 will be inoculated with spores only and 5 
will be i1noculated with SMC only-. 

V .1 ,4. '1 .1. Assessment of Table V.'1.4.1.2 SMC Dosing and Timing Strate<-v 
efficac~ of 16~TG JlbJ(4 ! I Spore/ SMCiime SMC Contr<'I 
in .12reventiol'l of s~o1re SMC Oellvery (hrs) Dose Mice 
germination and/or antt"trax -24. -4 

1 
>----

disease. As slated a!bove. S.C./S.C. 2 5 spores ExptA 
we have very preliminary or -4, ·1 1 SSMC 

data that show that 2 

pretreatment with two doses S.C.11.V. -24, -1 
1 

of 6-TG at the site of spore or 2 5 spores Expt B 
1 SSMC 

i'njection protected 40% of the l.N./LN +0.5 
2 

mice and extended the or 1 
mediain time-to-death for the +0.5, +6 

2 5 spores 
rest of the treated mic-e. LN.11.V. 1 SSMC 

ExptC 
Herein. we propose to e:xtend +0.5, +24 

2 
these studies to evaluate 
diffe11ent doses as well as ditterent administration times and sites for the small molecule 
therapeutics. In additi91'1, we i,'.)ropose to determine whether two or tnree of the 
compounds have synergistic therapeutic potential when co-administered. 

Fo:r s.c. delivery. 0.1 ml SMC wll'I be delivered s.c. at the same site as the spore 
inoculation with a 26 gauge. 0.5 inch needle attached to a tuberculin syringe. For i.v. or 
i.p. 
delivery. 
0.1 mt SMC 
will be 
de~ivered 
by injection 
with a 26 
gaug.e, 0.5 
inch needle 
attach:ed to 
a tutrercullin 
syringe. 
For i.n, 
deilivery of 
6-TG, miice 

Table 1.4.1.3. Number of Mice for V.1.4.1.1. 
Spores SMC Exs::>erhnent 1 Exoerlment 2 

s.c s.c. 
(40 experimental ~ 10 (60 experimental+ 10 

control) x 3 expts = 120 control) x 3 expts = 21 O 

s.c. i.v. (40 ·e1<perimental + 10 60 experlmental + 10 
contml) x 3 exots = 120 control) x 3 expts = 210 

i.n. i.n. ('40 e1<perimental + 10 60 experimental + 1 O 
control} x 3 expts = 120 control) x 3 expts = 210 

i.n. i.v. (40 e>11perimental -+> 1 O 60 experimental + 10 
control) x 3 expts = 120 control) x 3 exots = 210 

Tot-al Number of Mies per SMC 

Number of SMC 

Grand iotal Number of Mice 

Total 
30C 

300E 
30C 

300E 
30C 

300E 
30C 
300E 
120C 
1200 E 

3 
3oOC 
3600 E 

wiU be anes'thetized by isoflurane inhalation and 0.05 mt SMC will be delivered i.n. using 
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a pipet tip attached to a pipette. Mice will be monitored fo1r motibidity and mortality 
mult1iple times daily for 2 weeks. !Moribund mice will lbe euthanized by inh'a'lational 
isofliurane ove 1tdose followed by ·cervical d lslocatiO'n. 

Total number of mi<G.e f<>ll' VJl.4.1 ;1 ~ 396tl AIJ mice 

v. f .4.1.2. Assessm~ot of effieac~v of~ u·GJ(b)(4> Urn combination for u1e 
- te -rntion of s nfe_ ~rnin.at~on and?or antlb i:rx disease. Pre~irminary in vJJro stud~es 
indicate tha can act synergf'l8f"l,witl16-TG ~:Brent spore 
g:erminatio.n. To a-ssess wl'ieihell' 6qTG and (b = r 6-TG an { l 4l can act 
s~eriglsl1C1ailly in vivo; we will co1nduc;t stud'ies $imilar to those escribed ,in V .1.4.1.1 
1albove, ~·xcept that 'two t;ompounds will be administered simultaneously. These s'ludies 
will be conauct~rt once 4he be:s~ tdm;e, •iming. and 1route of SMC iadministraUon ,a11e 
dete:rmihed in v .1.4.1 .1. However, additional dosing s~udies 1may be done to determine 
whether a llower dose of one or both compounds is sufficient to prevent germination 
and/o,r anthrai disease. 

ia'ble V.1.4.2.t. Svfiera Stud-v Strateav 

Spore SMC Time 6~TG SMC C~>tiltr·t>t 
Numbe:rof Number 

T10\al 
Mh~e of Mit~ 

Oeiliver.v (hrs) Dc>se Dos@ Mice ExDt ,A ExotB !Mice 

As 1 1 410 e·xpt'I + eso expt'I + 
2 .2 5 spOr1es 10C s.c. det1ermined 1 :2 s,sMc 10 control= 10 control 110 E 

in V.1.4.1.1 
2 1 

50 = 70 

As 
1 1 

14't) expt'I + 60 eXJpt'1I + 
2 2 5 spores 10 c 

l.N. determined 10 tontrol = 10 corntrol 
inV.1 .4.1.1 

1 5SMC 50 = 70 
11!0 I: 

2 1 

Grand Total tor V.1.4.'.2.1 
20C 
220 E 

·y_, 1.4.2-. ~ssessment o-f tl'leraJQeuticj!oten_ti~ll of antioodi~s itgainrst 8. ce.reus G924'1 
virnlernce Fadors to rescue from G9241;tnediated disease. In these ·studies. ·we wrill 
det1ermine the capaci(y of arrtlbodie:s against Certtua}( or against th~ tet1rasatcnaride 
(TS) capsule to rest:ue mice firom :s.c. and l.n. chaUenge with B, c;;ereus G"9241 spores. 
We 10!btah1ed fr,orrfb)(a) lra'bbit potyc11onal antisera 
ra1lsed by immun~zatijon with ihe AOP-ribosylaUorn domain (ADP-r) of Certhra.x or ·wiith 
the G9241 TS capsule 1(in process). The a111tlbodies in the antisera will ibe p.urified by 
affinity clhromatograp:hy. Once we co111fnrm in ~itro that these antibodies can bind to and, 
in case the case of Certhrax, rneutraUze their antigen, we will administer them to mice 
infected with 8 . cereus G9~41 spores. These studies will be complet1ed iaccording to 
the prrocedures Clescribed ·above In V.1.1, exce1Pt tihat w1e will administer ithe antibodies 
at specific times after spore inoculatibn .. Antibodies will be dilu~ed in sterile Sialine and 
adminasteried by i.v. or i.p .. qnjection with a 26 gauge, 0 .. 5 inch sterile rn,eedle iattaehed to 
a ~uberciuliin synnge. 
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Table V.1.4.2. Strat~ 1v to Assess Protective Efficacv of Antibodies 
Antibody 

Sporo Antibody Delivery Control Mice Mice Mice Total 
Dell very Dose (hrs post- Expt A Expt B Mice 

spore) 
+24 5 spores+ 

10 expt'I 15 expt'I 
100 +48 5 antibody= 10 c s.c. 

mg/kg +72 10 mice x 2 
x4 = 40 x4=60 

110 E 
mice mice 

+96 (A+B) 
+24 5 spores + 1 o expt'I 15 expt'I 

200 +48 5 antibody= 10 c 
S.C. 

mg/kg +72 10 micex 2 
x4 .. 40 )( 4 c 60 

110 E 
+96 (A+B) 

mice mice 

+24 5 spores+ 
10 expt'I 15 expt'I 

100 +48 5 antibody= 10 c 
l.N. mg/kg +72 10 mice x 2 

x4 == 40 )( 4 = 60 
110 E 

+96 (A+B) mice mice 

+24 5 spores+ 10 expt'I 15 expt'I 
200 +48 5 antibody .. 

)( 4:: 40 )( 4 . 60 10 c 
l.N. mg/kg +72 10 mice x 2 110 E 

+96 (A+B) 
mice mice 

Total Number of Mice per Antibody 
40C 
440E 

Number of Antibodies to Test 2 

Grand Total soc 
880 E 

Total number of mice for V.1 .4.2; 960 A/J mice 

V.1 .5. Experiment S. Generation of Mouse Antiserum against 8 . cereus G9241. In 
this experiment. we propose to elicit antibodies that are reactive with m vNo-expressed 
antigens in an effort to define critical virulence factors. To do so, we will challenge AJJ 
mice s.c. with a sublethal dose of G9241 spores, then boost at 2-3 week intervals with 
1-2 x LD50 G9241 spores. Blood will be collected 2-5 days prior to each boost to 
measure the antibody response . Once a sufficient antibody titer is reached, mice will be 
exsanguinated by cardiac puncture under deep an~sthesia, then euthanized by cervical 
dislocation. Mice will be monitored for morbidity and mortality (none expected), and 
extremely moribund mice will be euthanized by inhalational isoflurane overdose 
followed by cervical dislocation. 

5 mice/iteration x 4 iterations = 20 A/J mice 

V.2. Data Analysis: A sample size of 5-10 animals per condition will have 80% 
power to detect a difference of 1.3 - 1.8 standard deviations based on a t test for 
independent samples with a 5%, two-sided significance level. These are the smallest 
differences that would be considered clinically meaningful for this type of study. 
Because mice have not been extensively used for work with Bacillus species, we need 
to establish the baseline virulence of the strains and the derivatives of those strains with 
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which we are working. Furthennore. we are testing several compounds for therapeutic 
efficacy. 

V.3.1. Non--animal Alternatives C~ittered: At this time. there are no non-animal 
alternatives forr animal use that would achieve the objectives outlined in these studies, 
Our jus'tification for the use of the mouse model to study Bacillus virulence is that tissue 
culture systems challenged with .Baciflus spores cannot always discriminate between 
animall~virulent ano animal-attenuated strains. fn silico simulations and in vitro: cell 
culture studies were considered but rejected because they cannot address the: 
objectives of these studies. 

V.3.2. &:iimal Model! and SP!cie.s Justifi~ation~ Animal use wm help us to devel1op 
prophylactic and therapeutic measures to counter B. anthracis spore exposure in 
humans. The major goals of this project are to characterize small molecule compounds 
that inhibit germination of B. a1'7thracis spores and •o identify key virulence determinants 
in 8, cereus. The use of rnurine animal models is essential to the evaluation of 
therapeutic and preventative strategies against disease c-aused by Bacilfus spp. since 
no in vitro systems or modelS are currently available to predict the efficacy of sueh 
reagents, The mouse is one of three small animal models (rabbit and gui.nea pigs are 
other-s) available for studying B. anthracis and B. cereus virulence and the efficacy of 
agen~s that may mitigate the effects of that disease. Mice are the lowest animal on the 
evohJJtlionary scale with which to perform virulence studies for El anthracls and S. 
cereus. 

Studies of patho,genesis and virulence of Bacillus spp. have historically been 
performed in female mice (2-4, 10. 19-22). Our laboratory has always used female 
mice for these studies. as have other laboratories who study Bacillus viru lence. In 
addition, female rnioe are used to reduce the impact of fighting among ttte mice. 
Further, all of the mice in an experimental group can be housed in the same cage when 
female mice are used. 
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V.3.3. Laborratori Animal~ 

V.3.3, 1. G.enl!ls & SS?!J~ltts : 

V.3.3.2. StrainlStock: 

spe~ies #1 
Mus musculws 

AJJ 

Species #2 
Mus muscutus 

C57BU6 

V.3.3.3. So!Ur_GeNendor. r ... b_x4_i ________________ _ 

V.3.3.4. Age: 

V.3.3.5. Weight; 

V.3.3.6. S_ex~ 

V..3.4, .Numlber of Animals 
Jteg.uired (by Spe·cies): 

5-8 weeks 

15-25 grams 

'"Female 

NIA 

8987 

5-8 weeks 

15-25 grams 

•i=emale 

NIA 

2200 

"V.3.'3.6: Studies of pathogenesis and virulence of Bacillus spp. have historically 
been performed in female mice (2-4, 10. 19-2:2), Our laboratory has always used 
female mice for these studies, as have other laboratories who study Bacillus 
virulence, In addition. female mice are used to reduce the impact of fighting among 
the mice. f:unher, all of the mice in an experimental group can be housed in the 
same icage when female mice are used. 

V.3.5. Refinement. Reduction. Reptacement (3 Rs); 

V.3.5.1.. Refinemetth We will use small pilot studies to rapid ly narrow the number of 
bacteria. dose of toxin, or dose of therapeutic to be administered in subsequent LD50 
studie'S. i hese pilot studies will be done with the· smallest number of mice that will 
provide the necessary information in a statistically significant manner. We fun.her 
minimize distress during the studies by careful cage-side monitoring of the animafs to 
determine if an animal should be euthanized as described in V.4.1 A and V.4.5. Signs 
indica~ing that euthanasia should be implemented would include an inability to reach 
food and water, labored breathing; excessive weight loss. and inability to remain 
up:right. 

V.3.5.2. Reduction: The in vivo imaging studies described in Experiment V.1 .3 
represent a significant reduction in the number of animals that would be used to a1sse:ss 
gerrmination. dissemination, and vegetati'Ve outgrowth in traditional experiments. 
T1raditlonally, one group of S mice would be euthanized at each time point (up to 8 time 
points) to harvest organs and enumerate the spores/bacteria in those organs in order to 
charracterize the kinetics and stages of anthrax iilfection. In our in vivo imaging studies. 
we cain instead inocula1e a single group of 5~10 mice with spores that express different 
fluo:rescently labeled prc>teins that are markers of germination and vegetative growth. 
Tiliese mice are then imaged under light isoflurane anesthesia at multiple Ume points 
throughout the study; we capture fluorescent light images to detect the g,eneral location 
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and density (based on re'lative fluorescem;e) of the spores/bacteria and we focus the 
location with x-ray imaging. Thus, an e)(periment that would traditionally require up to 
40 mice cain be completed with just 5-10 mice in these in vivo imaging studies. 

As many of o·ur expeiriments involve infected/spore-treated animals or tissues. we do 
nol participate in any shared tissue and/or control group studies with other investigators. 
W~ have takefl into Consideration all illf(}fr'natfon We have gleaned from 12 years of 
experience work1ing w\th these anthrax models when proposing subsequent 
experiments as well as in the refinement of the total number of animals required for the 
proposed experimen~s . With respect to the number of animals required for each 
experiment, we have used ~he minimal numbef of animals required for biological and 
statlstlcal rsijgnificance (generany 5 to 10 animals per group)< Most experiments will be 
peirformed in duplicate to confirm the data. In these experiments, the two s"ore doses 
that are farthest from the LD50 of the strain tn question will be eliminated in the second 
experiment in order to reduce tile number of. mice used. 

V .. 3.5.3. Replacement: At this time. there are no replacements for animal use that 
would achieve the objedives outlined in these studies. Our justification for the use of 
the mo1.1se mbdel to ~tudy Bacillus virulence is that tissue culture systems challenged 
with .aacif/.us spores cannot always discriminate between animal~vlrulent and animal· 
attenuated strains. In silico simulations and in vitro eell culture studies were considered 
bul rejected because they cannnt address the objectives of these studies. 

V.4. Technical Methods: 

V .. 4.1. Patn J Distr_es_s As-sess_ment: 

V .. 4.1.1. l>.P 1HiS Form 7023 lnformatlon: 

V.4.1.1;1.!iM£nbeLof Aoimal~: Animals are assigned to pain category E because we 
use death/moribund ~~atus as an endpoint for the majority of our experirnehts. The 
symptoms of Bacillus Infection. which will not be relieved using analgesics or antibiotics, 
are as follows: ruffled fur, lethargy, hunched posture, decreased alertne~s . weight loss. 
difficulty breathing, urnresponsiveness to external stimuli, and trembling. Animals that 
are used as controls in each experiment (no spore inoculation) and animals that will be 
lnje:cted with small molec·ules during the studies outlined in V.1.4.1 are assigned to pain 
catego:ry C because we do not e,xpect them to suffer in any way from the control 
trieatmen~s. See Table V.4 .1.1.1 on the next page for a breakdown of pa in category by 
experiment. 

V.4.1.1.1..1. Column c: 
V .. 4.1.1.1.3 . . Column E: 
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,Species #1 
AJJ 
712 

8275 

Species #2 
C57BL/6 

160 

2040 
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Table V.4.1.1.1. Breakdown by study number of 
experimental and <0cntrol anim~ls f(;)r pain t:ategory 
assiignment. 

Mouse Total number Pain Pain 
f xJ5enment Strain of miee 

category Category 
c E 

V.1.1.1.1 NJ 380 :30 350 
C5/BU6 3SO 30 350 

V.1.1.1.2 
A/J 480 30 450 

C57BL/6 480 30 450 

V.1.1.1.3 
A/J 380 30 350 

C578l/6 380 30 350 

V.1.1.1.4 A/J 480 30 450 
- C57BU6 48Q 30 450 

~ 

v ,i ,1.2.1 NJ 150 30 120 
V.U .2.2.1 AJJ 38 3 35 
V.U.2.2.2 AJJ 43 3 40 
V.U .2.3.1 NJ 258 18 240 
V.1. ~ .2.~t2 NJ 288 18 270 

v., .2.1 C578L/6 40 10 30 
v.1.2.2 C57BL/6 ~o 0 30 
V.1.2.3 C57BU6 40 10 30 
V.1.2.4 C578L/6 30 0 30 
V.1.2,5 C57BU6 70 10 60 
V.1.2.6 C57BLJ6 70 10 60 

V:1.2.7.1 C578U6 20 0 20 
V.1.2.7.2 C57BU6 20 0 20 
V.'1 .. 2.7.3 C57BL/6 160 0 160 
V.1.3.1. i AJJ 225 15 210 
V.1o3.1 .2 AJJ 165 15 150 
V.1.3.1.3 A/J 195 15 180 
V.1,3,14 AJJ 135 15 120 
V.1 .3.2.1 A/J 240 0 240 
V.1.3.2 .2 A/J 240 0 240 
V.1.3_,2.3 AJJ 110 0 110 
V.1.4.1.1 AJJ 3960 360 3600 
V.1.4.1.2 .A/J 240 20 220 
V.1.4.2 A/J 960 80 860 
V.1 .5 AJJ 20 0 20 
Total 11187 872 10315 

V.4.1.2. Pain Relief I Pceveatlon: 

V.4.1.2.1. Arnesthes~allmalgesjaliraogurnzatifln: We will use inhalation of isoflurane 
.gas t{1.5-3.iQ% in 02) en i.p. injection with ketamine (100 mg/kg) and xylazine (10 mg/kg) 
·to anes~helize animals for in vivo imaging studies, for i.n. inoculation. and for 
e.)(sanguination. Animalls used in s.c and i.p. ehallenge are not expected to endure 
anything more than momentary pain, so no analgesic~ will be necessary. In all 
anesthesia procedures. depth of anesthesia will be assessed by the onset and 
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mai111te111ance of slow. shallfow breatihin,g as well as the loss of toe pinch response in the 
a1nimals. 

For irnagina.istudijes. 1isoflu1rane has ~he ~dvantage of maintaini:ng ifle mice under 
ialllestfhesia d1uring tlhe imagiFl'g rprocet!Jure while permfttang the ranima·1s a quick recovery 
time. The anesthetiz,ed mice will be placed on a wairm platform and monitored fior 
fluorescence for 5 min at 0.5. 1, 3, 6, 12, 24, 48, and/or 72 h post infection. To 
alilesthetiZe tlhe mice ~no ~ecure the1ir immobility during imaging with the MultispeGtral in 
vivo imaging system, we wm .use the following proceduN~s. Aelmi11rrstration iof is,oflurarne 
gas will be cone vla a Gas Anesthesia Sys1ein that delive:rs isoflurane 'gas to ::i 5-port 
a!nesthesia manifold housed in the imaging ch:amtber of ,the in itivo imag1ing system. 
Animals wiU be initially placed into an inductkm chamber and anesthetized with 
isoflurane (3~4%) witl'I oxygen as tifle c-aririer gas. Once the animals ~re propetly 
sedated. they 'Will be swiftlly moved to nose cones on ~h~ 5~port anestlhesla manifold 
housed in the imaging chamber and maintained at i ,5~3 .o% lsoflurane. Any runlised 
ma,ntifold po1rts will be closed 1off. Sufficient time will be given to a1llow the anesthetic ,gas 
to reach the manitoJd n~se cones prior to removing tll'l'e animals from the induction 
chamber Both the »nduction chamber and ma1nifcld wm be set to deliver isofilutane at a 
co:nstant rate. The manifold ailso provides waste gas 'Scavenging ports to hel[p prevent 
ga~ from entering 'the surrounding wor1k errvironment A !built-in v,aeul!Jm 'system helps 
ventilate waiste gas away from resear1chers and 1into dlspo'sable isoflurane-absorblng 
llltets. 

V.4.1.2.2. Pre~ t11::tdYQ__s_t:1Rr:®_edJ1.1ta_I (nett sltrg~nd Ptovislons: Only mice thatt appecu 
to be ltn good health will urndergo anesthesia. We defln-e good health as cle.arn unruffled 
for, alerf demeanor and nb obvious signs of sic:i<1ness. Mice recovering frro1rn anesthesia 
win be placed into a iclean cage with external heat applied (a neating pad plated under 
the recovery cage) 1to prevent mke from undergoing a ra1pid loss in body temperature. 
Once tfhe mice have rol!lsed from anesthes1ia and appear to be moving in an alert 
manner, they will be placed back in~o a dean cage wi1th their cage mates. All mic.e~ill 
he monltoiied 1n the laboratory for at lea1st one hour pr,ior to their return t~{b)(6) I 
V.4.1.2.3. Pa1ralytics: NO\ 

V.4. 1.3. Literra·tute Search for Altematbces to Pailn..ful or Distressful Pro.ceaures: 

V.4.1.3.1. Sources Sea.rcbed: AGRICOLA and PUBM'ED databases 

V.4.1.3.2. Cate of Search: 24 November 2014 

VA . .1.3.3. Period of Sear<Ctil: AGRICOLA (1970 - November 2'014). PUB!MIEO (1966 -
November 2014. Englis1h only) 

V.4.1.3.4. Key Words .of Search: B.acillus AND pain AND (allevia~ion OR allevialte OR 
alltem.a.tive OR reduction) ANO {mouse OR mice) 

V,.4.1,3"5. Results of Search: The search yielded no documents in ithe AGRJCOLA 
d.a'~abase and two documents tin PUB MED. 'The two marnwscripts did not provide any 
methods for al:lev,iatlon of pain or id [stress 1in the mouse mode:ls that we use. 
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----------~ 

V.4.11,4. lJ02111e'ldated ~tYfum bt IO~trf#SS~ul Prro1Z@t!luire Ju:M'lfi®tio:n: No 
analgesiss wm be given to S.1cll/u.~~~nfe~t~d aniff11als for th@ f~Uowi11g rea<So1ns. 
Inflammation end/or 1he inflammatory response a1re key componernts of Sacillus
mecha~ed disea1se '(macropha1ges play a key rote in the dissem1ination of Bacillus spp), 
9recause we will be using the mouse as a model to s·tudy both tfhe pathogenesis of 
disease and possib~e treatment therapies, we berieve thet the use of non··steroidal anti· 
inflammatory drugs and opioids could confound or posslbly mask the exte111t of Bacil/us
medrtate(j damage tlhat we will evaluate 1by hlstologlcal examination or toxicity (23). 

ln'3estigator and stliff wili careftJJlly monitor Sacil/us·.iinfected animals and reuthanize 
those that appear moribll!lnd bec-a1use it is our experience that these anirnals will 
ullllimately sllccumb to Bacillus infection after inoculation. Wa_ .. cte1:Jtte axftt:_rnelv 
morilburid as wnern a mouse ~ihab~ts 2 ior more of th~ to1lowin9 symptoms_: rl!Jffled furr, 
letfhar;gyL.hu.D1@~d gos.turel lmpai_re..d ambu.iatio_n fhat..ore~ems th.e anifnatsltom te.ac_hing 
food and water. e><.cessh;-e weiQhi loss/emaclalioh. diffic1ult o-r lafbored roreath1in,gA antli th~ 
inabllll¥ to_J]:!Jnal1n l!JJ)right. Death due to onfeeth:m after l.n .. S.'C., or Lp. lrnoculation with 
S. anthraci1s and B. cereus spores typleally occu1rs 3-5 days post-inocurlation. Outin·g 
this time period. mice will be inspec;led every 4 h during normal working houts and 
every 8 h during non-busine'ss hours. All inspections will be n1oted on cage cards so 
tha1t lbiAM personnel arre aware that the mice are being monitored. 

V.4.2. Prolonged Restraiint: NIA 

V.4.3. Surgery: 

V.4.3.1. PR .. surgleal Provl$lon:s: NIA 

V.4.3.2. ~rocec!lure: i~/A 

V.4.3.3. P!Qst-sur,gital Pr.ovls~ons; NIA 

V.4.3.4. Lotation~ NIA 

V.4.3.5. Surgeon: NIA 

V.4,3.6. Mult'iple M~1io1t Surv~val Operative Proceduries; NIA 

V.4,3.6.1. P1rocedure5: IN/A 

V.4.3.6.2. Sc1ientific Justification; NIA 

V.4.4 .. A;nima~ Mani1pulatio.ns! 

V.4.4 .. 1. lfljections: We will be giving Lp., i.v. and s.c. injections. All mcHJ'se injections 
are given with a 26 gauge 0.5 inclil needle attached to a tuberculin syringe. All doses 
are given in a total v.olume of 0.1 ·0.2 ml. 
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Eor SfnaJlM.o.le..cJJ~.rtiP.2Ut1d arnd Passive Antibody Treatment - each mouse will 
!be injected s.c. between the sc-apulae. at the base offhe t:\111, or behind tile right 
foreleg ofi.v. with 0.1 ml of the small molecule in 5% OMSO in water using a 0.5 
ijndh. 26 gauge needle, 
.For Spote Chaileng~~r 'Toxin Administration= for eai;;h mouse in this set of 
experiments. heaHtt:tivated Saoil/us spores will be administered via s.c. injection 
loetween the scapu~ae , at the base of the tail, or behind the right foreleg using a 
tuberculln syringe attac;hed to a 26 gauge 0"5 ihch needle. Spores will be in a 
volume of 100-200 µI/animal. Toxin components will be injected Lp. through the 
venkal abdominal w~ll iuslng a tuberculin syringe attached to a 26 gauge 0.5 inch 
needle . 

V.4.4.2. Biosarflples; 
Blood samDlas. will be obtained from the tail \/ein or the venous sinus of mice using 
etther a 26 gauge Yz" needle or by nicking the tail with a sterile razor blade and 
collecting about 0.1 ml of whole blood into a sterile 1 ml tube. Blood collections will 
occur 10- ~ 4 days apart. E:xsanguination by terminal cardia1c puncture will be 
conducted under deep isoflurane anesthesia. Once anesthetized, as confirmed by 
laclk of toe-pinch response, each mouse will be placed on its back and a sterile 23 
gauge i2• needle will be irntroduced directly into the heart through the chest cavity. 
The syringe plunger will be gently pu'Ued to remove as much blood as possible from 
the mouse. 
Lo_ngs and other organs will be removed from the mice post..euthanasia as needed. 

V.4.4.3. Ad~uvantt: NIA 

V.4.4.4. Mo11ocfom1LAnUb:0dy (M_AJbsJ Production; NIA 

\1,4.4.5. Animal ldentifiation: Mice will be identified by cage cards and/or ear 
IPUf'IGh, Ear purnches will be administered b~(t>l<6> ptaff (e.g. models EP-901 or EP~ 
900. Braintree Scientific Inc., Braintree, MA 02165). (also see Section VI for staff 
qualifications). 

V.4.4.6. SehaviQ.ra~ .Studies: NIA 

v.4.4.7. Oth~t Pt<Dtedures: 
lnocullation or 1mmuoiu_t1Jon b¥Jhe i.n . route will take place under isoflurane 
anesthesia by the droplet method. Approxlnnatsly 50 µI will be administered onto the 
fllO'Se of each mouse using a previously sterile pipet tip attached to a manual 
pipetman, The mouse wiil be ailowed to inhale the droplet at will and then be 
returned to its cage. Mice will remain in the laboratory for one hour after i.n. 
inocu1lation. 

Antibiotiics willl be administered orally in the drinking water at a dose of 5-10 g/L for 
experiments in which a plasmid needs to be maintained in the infecting strain (V.1.1 
and V.1.3). We will use ehlorarnphenicol, ampicillin1 spectinomycin. or kanamycin. 
In .addition, we will add 25mM isopropyl P-D-thiogalactoslde (IPTG) to the water for 
experiments in which gene expression needs to be induced. The antibio1ies will oe 

.US'UHS Form 3200 - Re111$ed October 2008 
!Previous ve<slons are obsOlele 

29 



adrministered 0-16 l'nrs prior to inoculation and will be maintained throughout the 
d1uration of the experiment. Antibiotic/IPTG-contain,ing water will be changed every 
i -2 days. 

Oral gavage of 0.1-0.2 ml spores or vegetative ieells suspended ln sterile saline will 
be performed using a 18-20 gauge feeding needle.. Anesthesia is not required for 
this procedure. 

Low· f1Juorescen1ce ,food and beddin,g will be provided to mice that will undergo in vivo 
imaging to reduce the background fluo1rescence caused by st~~ar:cLhiqbsc~lorophyll 
food and bedding. Food and bedding will be purchased from b by the 
laboratory. 

Imaging of mice: Anesthetized mice will be placed on a warm platform within the 
Carestiream Multis[pectral in vivo FX Pro imaging system and monitored for 
fluorescernce for 5 m1n at a time at 0.5, 1, 3, 6, 12, 24, 48, and/or 72 h post
inoculation. 

PhotoqtaRh:t: Mice may be photogra~hed during inoculation procedures, during in 
vivo imaging, and post-mortem. Photos of inoculaltion procedures will pnlv be used 
for leaching rodent handling techniques to new members of the laboratory. Photos 
foom in vivo imaging will be used rin seminars presented by approved users on this 
protocol a1nd may be published in research articles. No photos will be taken of mice 
that a1re visibly moribund, Tthe photos will be stored only on password-protected 
DoD computers at U'SUHS. Pnotos will be disposed of 5 years after the end of the 
project. .All photogr;aphy procedures will adhere to IACUC fPolicy #25. 

V.4.4.8. Jiissue SJharir1g: As many of our experimernts involve infected/spore-treated 
an~tnals or ti'ssues, we do not participate in any shared tissue andfor control group 
studies with ot:her 1nvestigators. 

V.4.5. Study endpoijnt: Table V.4.5.1 below summarizes the endpoint for each 
p1ropos~ experiment The study endpoint tor virulence and challenge $tudies with 
infected or intoxicated mice wilf be death or euthanasia when extremely moribun 1d or 
euthanasia appro)(imately 14 days post-inoculation with spores. The study endpoint for 
mice monitored for f11uorescence will 1be 72 h or 2 weeks post-infection. For all studies, 
mice will be weighed daill'Y to determine if a correlation between weight loss and 
eventual death exists. Investigator and staff will carefully monitor Bacillus-infected 
animals ahd euthanize those that appear moribund because it is our experience that 
these animals will uWmately succumb to 1Saci//us irnfect1ion after inoculation. We define 
e~remely morfibund a:s when a mouse exhibits 2 or more of the following symptoms: 
ruffledJ uir • ..Jethar_gy, hum~hed_postun~ , impaired ambylation that Qrevents tbe animals 
fr1om reaching food and water, excessive weight lossfemaciattot\ difficultor labored 
breal hin,q. and the in.ability to remain up:rvght. Our definition of extreme moribund status 
is co:nsislertt with USU HS IACUC Policy #20. Death due to infection after i.n., s.c., or 
i.p. inoculation with 8. anthracis and 8. cereus typi.cally occurs 3-5 days post
inoculation. During f,his tame period, mice will be inspected every 4 h during normal 
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working hours and every 8 h during non-business hours. All inspections will be noted 
on cage cards so that LAM personnel are aware that the mice are being monitored. 

Table V4.5.1. Endpoin1 and time to endpoint for each study ln proposal 

Expenment Number Endpoint Time to endpoint 
of mice 

V111 .1 760 Death or euthanasia when moribund 14 days 
v, 1 1 2 960 Death or euthanasia when moribund 14 days 
V.1.11.3 760 Death or euthanasia when moribund 14d~s 
V.1.114 960 Death or euthanasia when moribund 14 days 
V.1.1 2.1 150 Death or euthanasia when moribund 28 days 

V.1.1.2.2.1 38 Death or euthanasia when moribund 28 days 
V1 .1.222 43 Death or euthanasia when moribund 28 days 
V1 .1.2.3.1 258 Death or euthanasia when moribund 28 days 
V11.23.2 286 Death or euthanasia when moribund 28 days 

V.1.2.1 40 Death or euthanasia when moribund 14 d!)'S 
V.1.2 2 

' -

30 Death or euthanasia when moribund 14 days 
V 12 3 40 Death or euthanasia when moribund 14 days 
V12 4 30 Death or euthanasia when moribund 14 day_s -V.1 .2 5 70 Death or euthanasia when moribund 14 days -v 1.26 70 Death or euthanasia when moribund 14 days 
v 1.2.7.1 20 Death or euthanasia when moribund 14 days 
V1272 20 Death or euthanasia when moribund 14 days 
v 1.2 7.3 160 Death or euthanasia when moribund 14 days 
V1 .3.1.1 225 Death or euthanasia when moribund 14 days 
v 1.3 1.2 165 Death or euthanasia when moribund 14 days 
V1313 195 Death or euthanasia when moribund 14 davs 
v 1.3.1.4 135 Death or euthanasia when moribund 14 days 

V.1.3.2.1 240 Euthanasia 0.5, 1, 6, 12, 24, 48, 72 
hrs 14 days 

V.1.3.2.2 240 Euthanasia 0.5, 1, 6, 12,24, 48, 72 
hrs, 14 days 

V.1.3.2.3 110 Euthanasia 0.5 hr, 2. 4, 7, 14, 21 , 
28, 35, 42, 49,56da~ 

V.1.4.1.1 3960 Death or euthanasia when moribund 14 days 
v 1.4 1 2 240 Death or euthanasia when moribund 14 days 
V.1.4.2 960 Death or euthanasia when moribund 14 days 
V.1.5 20 Euthanasia Up to 16 weeks 

V.4.6. Eu1hang!a: Mice will be euthanized by either isoflurane overdose (4-5% 
concentration) within the isoflurane induction chamber located inside a fume hood, 
followed by cervical dislocation. or by CO:z overdose. C02 will be delivered from a 
compressed gas cylinder via a regulated rate of flow in accordance with the 2013 AVMA 
Committee on Euthanasia. For euthanasia using C02. all procedures will be performed 
by LAM personnel 1n LAM facilities. Investigative staff will perform mhalational 
isoflurane overdose and cervical dislocation euthanasia procedures; death will be 
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confirmed by physiGal exam1nat1on (as listed in the 2013 AVMA Guidelines on 
Euthanasia). 

V.5. Veterinary Care; !Except as noted below, routihe animal husband~ will be 
provided in accordance with LAM Husbandry SOPs for each species in this pro~ocot 

V.5.1. t•hJsbandPLC_oJ:1sid~n1tlons; Except as noted below. routine animal husbandry 
will be provided in a,ccordanoe with LAM Husbandry $0Ps for each species in this 
protoc·ol. 

V.5.1.1. Study Room: 
Bu1ldmg(s)l._l6_>16_) _____ _.I Room N.umber{s)l(ok6) 

1(6)(61 I l 
V.5.1 .2. 

Sp.ecia'I 1-lusbandrv Provisions-: 

Yes No X __ 

f'luld Restriction: No x 
V.5'.1.3. ExteotiOfls: Mice that undergo oral gavage in Experiments V.1.1 .2 will ha1ve 
food iremoved the night before inoculation and water removed 2-4 hrs before 
inoculation. Mice that undergo m vivo imaging will be provided low-fluorescence food 
and bedding. 

All mice infected witlh B. cereus or B anthracis Sterne or intoxicated with Certhrax or 
the a111thra){ toxins wfll be housed in cages marked with "DO NOT TOUCH" cards. 

ltb){6) Uab personnel will perform all cage ctianges and routine care of these animals. 
For safety reasons. LAM personnel should not handle these mice unless a sick call 
request Is made. 

V.S.2. Veterinary Medical Car~: 

V.5.2.1. Rcurtine Veterinary Medical Care: Animals will be observed and cared for 
by the Center for lAM personnel aeeording to USU HS Center for LAM SOPs. In 
actdit,iorn , infected mlee will be cared f()r and checked twice daily or more frequently as 
needed by members of DrfHBl !laboratory staff working on th is project. 

V .. 5.2.2. Emergency Vete_rinary M~dieal Care: All emergency, weekend. and holiday 
care is provided by two animal husbandry technicians. one or more veterinary 
techniciarns . and an on·call veterinarian. Essential husbandry procedures and health 
rournds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.:3.1 . Enrichment Strategy: El<cept as indicated below. all animals on this 
protocol will be prov~ded with routine environmental enrichment in accordance with LAM 
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SOPs a1nd ~Acuc 'Polities. Examples include nesUets and tunne~s for rodents; balls, 
toys .and fo·od enrjc;hmeru treats for large animal species. 

V .. 5.3.2. E_nri~bntent 8~tctctirofils_: NiA 

Vt pTUIDY PieR1SONbtEL QYAl)IEICATIONS AND__teAINUJG: Or. ltb)(6) I who Will 
not cfo th~se "hantlis on" e:q:i:eriments her®elf, has 38 years of experi~noe working with 
mice in mieroblcidal assays ,and has been inv·olved wi1h the mouse ainthrax mode~ since 
2002, Or.1(6)(6) Ifs a positcfoctoral felllow with 10 years of exFefience working with 
rode1nts and has takten the lnvestigatorr Training Course. Or 6)(6) lhas 1,a years of 
expeMence using anima11 models of Infection w'lth va1rioos orgahisrns; she has tak1en 1f1e 
US~H~ ln~~~T' ~in Ing Course and. a rod~nt handling course. at ano1he~ . 
rnstiitiut1oh, r1s a graduate student watlh 3 years of e.~1penence workmg with 
rodents. M > s a senior technician who has work~d for 23 ye.ars with 
E1-HEC/EPIEC infection in mlce and 10 years with anl hrax models_ Ms l(b)(6) lis a senior 
technician who has wo1rked with rodents for 5 years. AU perso1nnel list-ed rnere 
completed the CITI lnvesNgatot:s. Staff and Studeints - lab Animal Research Train.ing in 
201,4, Please see the table beiow for a s:pecific breakdCl>wn of the procedures that ~ach 
irndividual wUI perform and each person's tra'ining and 1experienc-e. 

STUDY PIERSONNIEL QU~L.IFICA TION.S/TRAl'NING 
Protocol activity er 
procedufe (e.g., tall Name 1of perion 

ve1in h1jeoiions, perlonnlng aetlvlty 
euthanieii) 

Intranasal! \noculat10111 
P)(~) 

lntranasa~ 1noculation 

lntfanasalJ in0culabon 

lntranasail \noculatiorn 

lntranasa!l lnoculation 

Subcutaneo'Us lnJectlon 

Subcutaneous Injection 

Subrutaneous 1n1ectlon 

Subcutaneous tnJ&ction 

Subcutaneous 1n1ect1on 

ln'traperltoneal in1ect1on 

I nlraperitoneal ll'lject1on 

I ntraperitoneal injection 
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Quallfltatlone of penon 
pefiformlng actJ111lty (e.g .. 
research technlGlan, 2 

,Yrs elia>e~ience.l 
$enlor Sden1ist. m yr 

e)(oone1n·C'e 
Posteioetoraf IF'e llow. i O yr 

exoor·!elfH::e 

Graduate Student, 3 y?s 
e~perieince 

SMlor Re.seanGh 
lechtiioian, 23 yrs 

ex~rie1rH~e 

Senior 1Resear.ch 
il'eehnidan, 5 yrs 

exoer1ertce 
Senior Scienlist, l'll yr 

el(ner1ente 
Postdoctoral f ellow. 10 yr 

exoenence 
G~adoate Stud1.i11t. 3 yrs 

expenente 
SMlor IReseareF1 

Technician, 23 yrs 
exoerienc.e 

Senior !Research 
'ifecMlc1an, 5 yrs 

eiitienence 
Sen10'r S'Oienltst, ·1e yr 

E!xillArierrce 
Postdoetora~ Fellow, tO yr 

exoerfen·ce 
Graduate Student. 3 yrs 

experience 

Spe.cmc training 11n this aeilvlty 
or procedure (t.Q., rode·nt 

h1ndlililg CIHI, ~999) 

1 (~008), 3 {1997), 5 (UAEI, 1997. 
1uw 20·04: N1Ht 2001), e 12014J 
\~3 (UVA, 2005). 4 (2G11 , 

Mr 5 IWA, 2005:1,_§_(2014) 
~ ~2011), 4 & 5 (201 ·1~20'14 , USU), 

6 120141 

1, 4 (FDA~2004), 6 (2014) 

·1 <20141. 4 1(Jonns h1Qpk1ns, 2009: 
lOJ!O! llab. 20t 4)1 5 tJHU, ~009), 

s 12014) 
1 (2008), 3 (1997). 5 .(UAB, 1997, 
ltiW 2004' NIH 2007), 6 {2014) 

1 :~3 (UVA,, 2005). 4 (2011, 
Mr (b ( ) 5 (IJVA 200£1~. 6 <2014! 
1 ~~4 & 5 (2011 ·2014, USU), 

s (2014) 

1, 4 (FOA~2004), 6 (2014) 

~· 4 ~Johns Hopkins, 2009; 
lab. 201 4), $ (JHU, 2l){)g~, 

{) {2014) 

I 
'i (1008). 3 (199'7), 5 (UAB, 1997: 

UW :2·0'04, NIH 1007), 6 1(2014) 
1 (20t n ._3 (UVA. 2005), 4 (2011 , 

Mr.l(b)(6) IS (UVA, 2·005}, 6 (2014) 

~ t2011'j, 4 & 5 (201 TI -2<01 41 USU). 
6 1(2014) 

33 



lD)\D) 

lntrapentoneal 1niect1on 

lntraperitoneal 1n1ect1on 

lsonurane anest11eS1a 

lsonurane anesthesia 

lsoflurane anesthesia 

lsoOurane anesthesia 

Protocol acth1ltv or 
procedure (e.g .. tall Name or penaon 

vein injections, perfonnlno activity 
authanuta) 

(b)(6) 

lsonurane anesthesia 

Oral gavage 

Oral gavage 

Oral gavage 

Oral gavage 

. 
fn \llVO imaging 

In VIVO rnag1ng 

In vtvo 1mag1ng 

In vivo imaging 

BIOOcl collectton retro· 
orbital or tail 

vernouncture 01 nick 
Blood collection retro-

orbital or tall 
ven1ouncture or ntcit 

Blood coliect1on retro-
orbital or tail 

venlDuncture or ntck 
Blood collection 1etro-

orbital or tail 
venlouncture or ntck 

Blood collect1on retro-
orbital or tail 

venlouncture or nld< 

Exsanguinabon by 
cardiac nuncture 
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Senior Research 
Technician, 23 yrs 

exnAnence 
Senior Research 
Technician, 5 yrs 

exMnence 
Senior Saenllst. 18 yr 

exoenence 
Postdoctoral Fellow 10 yr 

exoenence 

Graduate Student, 3 yrs 
experience 

Senior Research 
Technician, 23 yrs 

exoenence 

Quallflcatlon1 of peraon 
performing activity (e.g., 

research technician, 2 
vre experience> 
Senior Research 
Technician, 5 yrs 

exMr1ence 
Postdoctoral Fellow 10 yr 

exoenence 

Graduate Studont. 3 yrs 
e><perience 

Senior Research 
Tectmlcian, 23 yrs 

eKoenence 
Senior Research 
Technician, 5 yrs 

einiAnence 
Postooctoral Fellow. 10 yr 

exMnence 

Grad.Jate Student, 3 yrs 
e)(per1ence 

Senior Research 
Technician, 23 yrs 

exnenence 
senior Research 
Technloan. 5 yrs 

exoanence 

Senior Sc:ienhst, 18 yr 
expenence 

Postdoctoral Fellow, 10 yr 
experience 

Grsd\late Student. 3 yrs 
experience 

Senior Research 
Technician, 23 yrs 

exoerience 
Senior Research 
Techn1oan. 5 yrs 

exoenence 

Sentor Scientist, 18 yr 
experience 

1. 4 (FDAl(b)(S) ~004). 6 (2014) 

~· 4 (Johns Hopkins. 2009, 
lab, 2014), 5 (JHU, 2009), 

6 (20141 . 
1 (2008) 3 (1997). 5 (UAB, 1997, 
WI 2004 NIH 2007). 6 12014) 
i~3 (UVA, 2005), 4 (2011, 

M ( 5 {UVA, 2006). 612014) 

1 (2011). 4 & 5 (2011-2014, USU), 
6 (2014) 

1, 4 (FOl\~2004), 6 (2014) 

Specific training In thl1 activity 
or procedu,.. (e.g., rodent 

h1,..dllng cl1H, 1999) 

(l~=j>, 4 (Johns Hopkins, 2009: 
lab, 2014). 5 (JHU, 2009), 

I 6 12014) 
1 .~3 (UVA. 2005), 4 (201 1, 

Mr 5 CUVA 2005\, 6 12014\ 
1 (2011), 4 & 5 (2011·2014, USU), 

6 12014) 

1. 4(FDA~2004}, 6(2014) 

? d2014J 4 (Johns Hopkins. 2009, 
l(b ( l ab, 2014). 5 {JHU 2009) 

6 120141 
1 .~3 (UVA. 2005). 4 (2011 , 

Mr ( 5 CUVA 2005). 6 l2014) 
1 (2011 ), 4 & S (2011 ·2014, USU), 

6 (2014) 

1. 4 (FDAj(b)(6) ~004). 6 (2014) 

M:J· 4 (Johns Hopkins. 2009. 
lab 2014), 5 (JHU. 2009). 

6 (2014) 

1 (2008). 3 (1997), 5 (UAB. 1997, 
UW 2004. NIH 2007). 6 (2014) 

1 F&%1" ~(UVA. 2005). 4 (2011, 
Mr (UVA, 2005), 6 (2014) 

1 (2011 ), 4 & 6 (2011 ·2014. USU), 

6 (2014) 

1, 4 (FOA~2004), 6 (2014) 

1 120141, 4 (Johns Hopkins, 2009; 
lDXOJ tab, 2014) S (JHU, 2009), 

6 (2014) 

1 (2008), 3 (1997), S (UAB, 1997; 
UW 2004, NIH 2007). 6 (2014) 
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Exsangulnabon by ID)(U) Postdoctoral Fellow 1 o yr Ir~ 3 (UVA. 2005) 4 (2011, 
cardiac ouncture 6XOQOenc& ~r 5 (UVA. 2005), 6 (Xi14J 

Exsanguinat1011 by Gradll8t4! Student. J yrs 1 !2011 ). 4 & s (2011•2014, USU}. 
oardiac puncture exper.ence - 6 (2014) --

Exsangutnation oy Senior Research 

I 1, 4 (FOA~2004). 6 (2014) Technlc1ar1. 23 ws cardiac puncrure e:xoer1enoe 

Exsangu1nation by Senior Res&arcti ~· 4 (Johns Hooklhs. 2009; 
Technician 5 yrs ab. 2014), 5 (JHU, 2009}. caro1ac p-uncture 

f!x~renoe 6 (2014) --

Euthanasia with 
SenlOf' Sc1enttst. 18 yr 1 (2008). 3 (1997), 5 (UAB, 1997, 

1softurane and ceMcal e>cpenenc:e I.JN 2004, NIH 2007). 6 (2014) 
ChSIO~!Jon 

Euthanasra w11n 
Postdoctoral Fellow 10 yr I 1Jt~~jl · {l (UVA. 2005). 4 (2011 . tsonurane ana d!f'v1cal 

dls)oc:<lbon experience M ( ) 5 (UVA, 2005). 6 (2014) 

Protocol aetlVlty or a1.11llflcat1on& of pef'ton 
Specific training In 1hls activity proeedurt (e.g., 1all Name of 1perton per'fomHng letl'.llty (e.g., 

or procee1ur. (e.g., rodent vein Injections, performing activity 
euthanasia\ 

Euthanasia w1tf\ :b)(6) 
isoflurane and carvtcal 

cltsll)eat•on 
Euthallas1a with 

1s0Rurane alid caMcal 
dislocation 

Euthanas.a with 
isoflurane and d!f'l•cal 

d1slocabo11 -
Ear punch 

Ear punch 

Ear punch 

Earpuneh 

Ear punch 

- - . . 
1 USUHS Investigator Training Course 
2 USUHS Rodent Handling Course 
3 Other Rodent Handling Course 
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research technician. 2 
llinClllng cl111, 1999) t,rs experience) 

Graduate Student. 3 yrs 1 (201 1). 4 & 5 (2011·2014. USU). 
expenenoe 6 (2014) 

Senior Researen 

I 1, 4 (FDAJ(b)(6) ~004). 6 (2014} T8chn1oan. 23 yrs 
exoenenoe 

Senior Research 1 {2014), 4 (Johns Hopkins, 2009. 
TecMic1an. S yrs (b)\01 llab, 2014), S (JHU, 2009), 

exRenl!hoc 6 l:l014) 
Senior Sc1ent1st, 18 yr 1 (2008). :I (1997), $ (UAB, 1997, 

&xeerlenae lJW 2004 NIH ~001). 6 (2014) 
Posldoetoral Fellow, 10 yr 1 i2011),_:1 (UVA, 2005), 4 (201 t , 

experience Mi1101\01 I S IUVA 2005\, 6 (2014) 
Graduate Student. 3 yrs l (2011). 4 & 5 (2011·2014. USU). 

experience 6 J2014) 
SeniOr Research 

1. 4 (FD~(bl(ij) ~004). 6 (201 4} TechnlClan. 23 yrs 
I exoenence 

Senior Research If )wfo14)' 4 (Johns Hopkms, 2009; 
i echnic1an, 5 ~ b ab, 201 4), 5 (JHU, 2009). 

exoenence 6 (2014) .. . . 
4 Site Spec1f1c Training 
5 Externa l Course Training 
6 CITI Training 

35 



VH. BIOHAZAROS/SAEEJ-'i: With 1respect to mice used in the anthra'lc model. 
bedding may be conlaminated with Bacillus spores. The bedding and animal carcasses 
should be treated as infe,ctious and autoclaved. !infected animals will be maintained 
un1der ABSL·2 conditiorns in filter-top cages. All p1rocedures that invo~ve the use of 
isof!uran~ wUI be corn~ucted in ei~her a ~hemioal fume hood i(euthanasia! or i1 .a~ 
a1nesthes1a system with waste-scavenging ,charcoal filters (both locat1ed in Dr.""rb5_,(_I __ _, 
laboratory). In 1addition. all personnel who will use isolflurane will be made aware of its 
as'Sociated safety hazards and wiill be properly trained 1in its use. 

All personnel will wear a disjposable gown. gloves. and mask at all t1imes whein handling 
mice. A ~95 respirator mask will be worn duri1ng spore inoeu~ation procedures an..,,.d..,.,,.....-... 
s ore~o_culation procedrure:s will be conducted in a Type Ill Biosafely <Cabinet {in,_1(6_)<6_l _ _, 

when ossible. Sha1rps will be disposed of in approved Sharps containers 
llocatecl i ( nd Slharps corntainers wiill be dnsposed of as Regulated 
Medical Waste thr1ou$i<A?e EIS office. AH cage changes will be ·done in a Type II 
Biosaiety Cabinet On 

VIit. ENCLOSURES: Funding Doc'Ument 
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spate as dual tPOrtalls of entry, delayed dissemination, and specific organ 
targeting. Microbes.Infect. 10:1398-1404. 

3. Gilornsld IJ1 Corre JP, Mock M, Goossens PL. 2007. Noncapsulated 
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4761. 
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6. Fletldhoose RJ, Turgeon z, White D, Merrill AR. 2010. Cholera- and anthrax
like toxins are among severa~ new AOP-ribosyltransferases. PLoS Comput Biol. 
1s:e100102s. 

9. Ako.'achere M. Sq~ires RC, NtJor AM, Angelov L, Brojatsch J. bel-Santt>§ Ii. 
2007 lldentification of an in vivo Inhibitor of Baci71us anthracis Spore Germination. 
J.Biol.Chem. 282:12112-12118. 
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Chang CT, OiekmU'I MJ, Es~H!X~Lopresti Al Harding SV1 Mahadi NM, 
Marshall LE, Mobll$ GW, Mohamed R, Nathan S1 Ngugi SA, Ong C, Ooi WF, 
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IJX, ASSURANCES: 

As the !Principal Investigator on this protocol, I acknowledge my responsibilities andl 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Ou plication of Effort~ I have made a reasonable, good faith effort to ensure that 
this 1protocol is not an unnecessary duplication of previC>i.Js experiments, 

C. Sta1isilical .Assurance: I assure that I have consulted with an individual who is 
qualifiea to evaluate the s1a1istical design or strategy of this proposal, and that the 
''minimum number of animals needed for scientific validity are used," 

O. Bi.ohazatd\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant Issues, and so forth 1 in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Trrainiing: I verify that I have attended the USUHS Investigator/Animal User 
Training C9tU$e. 

Principal lmiestlgator Signature 

G. Training: The following personnel will attend the next USUHS 
'Investigator/Animal User Training Course: 

H, Responsibility: I acknowledge the inherent moral, ethical and administrative 
1obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this prqject will demonstrate a concern for the heal:th, 
comfort, welfare. and well-being of the research animals. AdditionaH:y, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
''Responsibility" for implementing animal use alternatives where feasible and conducting, 
humane and lawful <research. rl 

nn~pal lnvesugalo< S'gnaM e 
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I. Painfu1 Prt>cedure(s): 

I am concitJc~ing biom~dic.al e~periments which may potentially cause more than 
morn~ntary t'Jr stglrt pain or distress to animals, This potential pain and/or distress 
WILL orWllL NOT be relieved with the use of anesthetics. analgesics and/or 
tr:at1qulll~~i have consldereGI alt@rnatives to such procedures; however1 using the 
m~thods and sources described in 1he protocol, I have determined that c:ilt~rnative 
proced1r ~ - • · -e t>bjectives of this proposed experiment 

( ' 
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X. JeROTOCOL ABSTRACT: 

A. A-nimal Protoct:JI INumber~._(6_!<6_) ____ _. 

IB. An1m.;d Protocol Title: P.a~hogenes,is of Bac1J/us anthracis Sterne and Bacillus 
cefieLJs G9241 in mice 

c. Prlrncipal inY-esti.gatori:: .... 116_i<a_) ____ __.I PhD 

ID. Perfonning Orga.nizath:m: Unifo:rmed Services University of the IHeaWh Sciences 

IE. Funding: Biological Defense Research Di~ectorate. National Institute of Aller,gy and 
Infectious Diseases 

fF. Obiective and Approach: Our hypotiheses for the studies proposed herein ar~ 
as foUows: H dele~i ,on of putative or [known virulence genes will alter t.he 
1patlht>9enesls of 8. anthracis Sterne and 8. cereus G9241: 2) Certhrax plays a 
slgnmcan~ ro~e in gastroin~esti11al dis·ease caused by B. cereus G9241 and 
:antibodies against the tmdn will protect against disease progression: and 3) small 
molecules th,at inlhlbit spore germination will reduce mortality caused lby B, anthracls 
Sterne. Our ·goats are to characterize the pr1ogression of B. anthtacis Sterne 
diseas'e, to characterize the roles of to'X1ns and cap,s1ules in 13. cereus G9241 
virule:nce, and fo identify candidate the~apeutics to prevent or treat anthrax disease. 
The specific aims are as follow"s'. 1) a:s·sess the virulence of B. anlhracis Sterne or B. 
cerreus G9241 s·trains in which a particular virulence trait has been deleted; 2) 
,adminjster 8. cereus G9241 toxin components to assess their activity in vivo; 3) 
monitor the location and kinetics 1of germirtation, vegetative ·outgrowth, and 
disseminatio.n of fluor<esGent derii'iatives of B. anthracis Sterne and .e. cereus G9241 
in tlh-e mouse with an in vi~o imagin,g system; 4.) characterize ~he in vivo efficacy of 
:small molecules that inhibit .germination of 8. anthracis Sterne spores in vitro; and 5) 
assess the capacity of antibodies again·st B. cereus G9241 toxins or capsrule to 
protect from disease. 

1G. fn·dexing Terms (Deseriptorrs): Baci1Jus anthracis Sterne. Bacillus cereus, toxin. 
capsu le, virullence, pathogenesis,, small molecule compound, germination, therapeutic 
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----
UNIFORMED SERVICES UNlVERSlfY OF THE HEAL TH SCIENCES 

~30 1 JONES e~IOGE ROAD 
BETHESDA, MAR'l'LAND 20814-4799 

Sept em her 17. 2015 

ME::MORA OUM FOR oR)Llb_Ks_) ____ __.IDEPARIMENT OF MICROOIOl.OCIY AND 

IMMUNOLOGY 

SUB.JECT: 11\ClJC Approval of Promcol - lniti:JI Review 

Th~ l(>llowing application \\as rcvicw'--<l and appm ... cd by the Uniformed Service:; 
University of the I lea.Ith Sciences (USUllS) Institutional Animal Care and lJse Cnmmittce 
(IACUC) by Designated Member Review on Septl!mber l 7. 2015: 

Animal Protocol Titk: ··Axenic Cu..:norhabditis El~gans Antig1:n as Trctltmcnt for E)(pcriml!nt~tl 
Autoimminc Enccphalomyelitis in Mice (Mus Musculus) .. 

1
16)(6) 

USlJt-IS Pro1ocol Number: ._ _____ __, 

ExpiratiQn f2atc: Sept em her 16, 2018 

Supponing Orant(s) Number: TBD 

Nan11: of Principal Investigator: Drf._b_}<6_l ____ ___. 

The USUIIS has an Animal Welfure Assurance on tile with the Otlice for Laboratory 
Animal Wdforc: (OLA W). Natim1al lnstitutc:S of Health (N 111). !'he As~urance Numbc:r is 

l(b)(S) I The I A Cl JC approved the above ref ercnccd application liS submi ttcd. . 

An annual review is required for each of the three yt.!ars of this protocol. This review 
must he completed hy the anniversary date of the protocol. If work is to be continued past the 
expiration date, a tri~nniul review must be completed prior to th..: c:xpiration dntc in order for 
work to he uninterrupted. Protocol C:-(piration dates may not he extended. and no animal work 
may be done without an approwd protocol. Although the IAC UC may send reminders. it is the 
investigator's responsibility to submit an annual review form (Form 3206A) at least 30 days in 
advance.ma 11<:w Fonn .3206 for triennial n!\' it;!w ut least 60 doys in advuncl! of expirati(ln. 

Prior 10 placing your first animal order. please contact MAA(b)(S} Ito scheduk 
a pre-protocol planning mc~tjngf6>15> I !'his meeting must occur lo ensure animal numhcrs 
are loaded in Lhc CART systt:m and LAM resources art availnbh: lO meet your nc~-<ls. 

(b)( 

Ph. D. 
'""""',.,.-:--:--~-t 

Chajr, lnstitul1onal l\ninml 
Care •md llsc Committ..:.: 

cc: 
Otlkc.: of Rl!:-;l!un:h 

Doc6J 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET lACUC Date Stamp 

l
~~-)(6~)~~~~~~~~---, 

PROTOCOL NUMBER: _ 

PROTOCOL TITLE: Axenic Caenorhabditis elegans antigen as treatment for . 
experimental autoimmune encephalomyelitis in mice (Mus muscu/us) -~ 

\._ <; 
GRANT TITt E (if different from above): Pending l 

USUHS PROJECT NUMBER: ' ~"'' 
FUNDING AGENCY: 

EARLIEST ANTICIPATED FUNDING START DATE: January 15, 2016 

S ·. l(b)(6) I Cl AL . M.D. 

MIC (6~: I 
Oepartmentlcellab Telephone 

~CIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific 
~~.t...at1'1,j""-C.c.w~QDJ~· tq good scientific research practice. 

Chair 
esearch Unit Chief I Dept. Head Signature 

Typed Namel·b)(6) l Ph.D. 
Title Date 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
~~Ct;Cl.l.QL..l.A..A ......................... - --u the statistical design is appropriate for the Intent of the 

MIC 
I I 

fb>6) 71 z 'i ff r 
""t-e .... ~o_,ph-o-ne __ __._ Oate Department 

..__ __ ___,I M.O 

ATTENDING VETERINARIAN: In aocordance with the Animal Welfare Regulations. 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 

· · algesics. 

n Srgnature 
L.....~~-==,.-~~~--DVM , MPH 

LAM J......,,b}(6...,,...,,.J .,........---->--L .~9a lL f . 1 <-
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATORs: f6)<6l jM.D. andele> fh.D. 

ANIMAL PROTOCOL TITLE: Caenorhabditis elegans antigen as treatment for 
experimental autoimmune encephalomyelitis in mice (Mus musculus} 

GRANT TITLE (if different from above): Pharmacokinetics, and neuroprotection of 
aCeAg (axenic C.elegans antigen) 

USUHS PROJECT NUMBER: 

TECHNICIANS($): li....cb)-(6) ____ _. 

I. NON-TECHNICAL SYNOPSIS: 
Autoimmune diseases are characterized by hyper-reactive immune responses to 

self- antigens expressed on cells . The immune system mistakes a self-antigen in the 
body as a pathogen and mounts an attack against the cell or tissue expressing the self
antigen. These attacks are typically chronic, and lead to long-term tissue damage. 
Several autoimmune diseases appear to be due. in large part, to Th1-driven 
inflammation based on observed cytokine profiles and predominantly high levels of IFN
y. Examples of autoimmune diseases include, but are not limited to , type-1 insulin
dependent diabetes mellitus. multiple sclerosis. Crohn's disease, inflammatory bowel 
disease, rheumatoid arthritis. and posterior uveitis. 

Multiple sclerosis (MS) is an inflammatory disease of the nervous system in which 
the insulating myetin sheaths of brain and spinal cord nerve cells are targeted by an 
autoimmune T cell response. Chronic inflammation leads to scarring of these nerve 
cells and disrupted communication between the bra in and body. With time, irreversible 
deterioration of the nerves often occurs. MS is thought to affect more than 2.3 million 
people worldwide. There is no known cure and treatment regimes vary with the severity 
of clinical symptoms. The major focus of treatment includes recovery from ongoing 
attacks (anti-inflammatory corticosteroids), symptoms management (physical therapy 
and muscle relaxants). and inhibition of remittent disease progression (immuno· 
modutatory drugs). 

The prevalence of autoimmune diseases has increased sharply over the past few 
decades. While genetic factors play a role in susceptibility to these diseases, the 
dramatic worldwide increase in the ir prevalence is probably due to changes in 
environmental factors . One environmental change that may play a part in the recent 
increase in autoimmune disease is the loss of chronic paras1t1c worm infections in 
developed countries Multiple studies have found that individuals infected with chronic 
parasitic worm infections have tower rates of autoimmune diseases than others hving in 
the same environment. Experimentally, parasitic worms have been shown to protect 
against a variety of autoimmune diseases in several animal models. And in human 
trials, oral administration of porcine whipworm eggs has been shown to protect against 
inflammatory bowel disease. 

A major limitation of working with parasitic worms is the difficulty in producing large 
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quantities due to their complex lifecycles. For example, Litomosoides sigmodontis, the 
parasitic worm we work with in our laboratory, requires both mite and rodent hosts to 
complete its lifecycle. Consequently, we tested whether molecules from crushed up 
Caenorhabditis elegans, a free-living non-parasitic worm that is easily maintained in a 
laboratory setting, can protect against Type 1 diabetes. Data from our lab demonstrates 
that repeated injections of the soluble fraction of crushed C. elegans protects against 
Type 1 diabetes in NOD mice, and appears to do so utilizing similar immuno-modulatory 
mechanisms seen in our studies with L. sigmodontis. Thus, treatment with C. elegans 
antigen (aCeAg) suggests a plausible new avenue of therapy for Th 1-associated 
autoimmune diseases. 

The goal of this project is to analyze the potential for protective and/or 
suppressive effects of aCeAg treatments in the relapsing/remitting Multiple Sclerosis 
model of SJUj mice. Thus, we will determine the potential therapeutic reach of this non
parasitic nematode-derived treatment, and gain a better understanding of the immuno
modulatory responses to such treatments. 

II. BACKGROUND: 

11.1. Background: 
The prevalence of allergies and autoimmune diseases has increased sharply 

over the past few decades. While genetic factors play a role in susceptibility, the 
dramatic worldwide increase of these hyperinflammatory diseases is probably due to 
changes in environmental factors. One environmental change that may play a part in 
the recent increase in autoimmune disease is the loss of chronic parasitic worm 
infections in developed countries. Multiple studies have found that individuals infected 
with chronic parasitic worm infections have lower rates of autoimmune disease than 
others living in the same environment. Experimentally, parasitic worms have been 
shown to protect against a variety of autoimmune diseases, including Multiple sclerosis, 
in several animal models. In humans, oral administration of porcine whipworm eggs has 
been shown to protect against inflammatory bowel disease. 

Until recently, most people had lifelong infections with parasitic worms. As 
helminths have been identified in Neolithic and pre-Columbian mummies, it is likely that 
the human immune system evolved in the setting of chronic infection with these 
parasites. Consequently, it has been posited that the loss of parasitic worm infections is 
partially responsible for the increased prevalence of autoimmune and allergic diseases 
in developed countries - the notion being that now, in the absence of the immuno
modulatory responses triggered by helminths, our immune systems have become 
hyper-responsive. 

Unlike most bacterial or viral pathogens, helminth infections induce the production of 
specific lgE. This lgE binds to basophils and mast cells through the Fe epsilon receptor 
I (Fct:RI). the high affinity lgE receptor. Helminth specific antigens thus activate 
basophils and mast cells by cross-linking lgE molecules and aggregating FcE:Rls. As 
helminths are large organisms that release substantial amounts of antigen, and as 
these infections last for years. helminth infections likely induce a state of chronic 
basophil and mast cell activation. Indeed, recent time course studies in our lab 
demonstrate that both chronic basophil activation and chronic mast cell activation occur 
during infection of mice with the filarial nematode Litomosoides sigmodontis. 

Helminth infections also induce production of the cytokine IL-10. IL-10 is an anti
inflammatory cytokine that was initially described as a Th2-type or Treg-type cytokine 
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but it is now known that IL-10 is more broadly expressed. IL-10 acts as a crucial 
feedback regulator of diverse immune responses, including Th1-mediated and Th2-
mediated immune responses. 

There are at least two likely mechanistic rationales for postulating that chronic 
activation of basophils and mast cells may protect against Th1-driven autoimmune 
disease. First, factors released by basophils and mast cells may have direct immuno
modulatory properties that are protective against Th1-mediated autoimmune diseases. 
Basophils, for example, release large quantities of IL-4 when activated and have been 
shown to do so in response to parasite antigen in filaria-infected patients as well as in 
animal models of helminth infection. IL-4 counter regulates Th1 responses and has 
been shown to improve Th1-driven autoimmune diseases. Similarly, histamine, which is 
released from both basophils and mast cells, has been shown in vitro to suppress Th1 
responses by signaling through the H2 receptor on lymphocytes. Second, chronic 
activation of basophils and mast cells could induce negative feedback pathways that 
tamp down ongoing autoimmune responses. Interestingly, there is substantial evidence 
that chronic immunotherapy, in which patients with lgE-mediated allergies are given 
weekly injections of allergen, augments immune regulatory networks such as the 
suppressive cytokine IL-10 and natural T-regulatory cells. 

To determine whether recapitulation of the lgE-mediated immune responses 
induced by helminths can afford protection against autoimmunity in the absence of 
actual infection, non-obese diabetic (NOD) mice were repeatedly administered 
intraperitoneal injections of axenic C. efegans homogenate. Like parasitic helminthes, 
C. elegans is in the phylum Nematoda. NOD mice spontaneously develop Type 1 
diabetes (also known as insulin dependent diabetes mellitus), a form of diabetes that 
develops from the autoimmune destruction of the insulin-producing beta islet cells of the 
pancreas, and are a recognized animal model for Type 1 diabetes. To mimic chronic 
helminth infections in vivo without using live parasitic worms, NOD mice were treated 
with twice weekly injections of axenic C. elegans homogenate. Treated mice exhibited 
increases in circulating basophils, eosinophils, total lgE, and C. e/egans-specific lgE. 
These immunologic changes are consistent with those observed in chronic helminth 
infections. Additionally, splenocytes of C. efegans-treated mice released substantial 
quantities of the down-regulatory cytokine IL-10, whereas those from control-treated 
mice did not. Consistent with our hypothesis. mice given axenic C. elegans antigen 
injections were significantly protected from developing autoimmune diabetes (10% 
disease rate vs. 80% in controls) and exhibited less inflammation in the pancreatic 
islets. 

These results demonstrate that axenic C. elegans homogenate therapy can protect 
against the onset of Type I diabetes in NOD mice and suggests that repeated 
administration of axenic C. elegans homogenate represents a new avenue of therapy 
for Th1 -associated autoimmune diseases. 

The goal of our current project is to analyze protective and/or suppressive effects 
of aCeAg treatments in the relapsing/remitting Multiple Sclerosis model of SJUj mice. 
Additionally, we will investigate possible immuno-modulatory changes to better 
understand the therapeutic mechanisms of this treatment. In doing so, we will determine 
the potential reach of this non-parasitic nematode-derived treatment of autoimmune 
disease. 
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11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: 000 BRD, NIH RePORTER. PUBMED 

11.2.2. Date of Search: 7/21/2015 

11.2.3. Period of Search: DOD BRO 2009-2014, NIH RePORTER (active projects in 
past 5 years), PUBMED 2009-2014 

11.2.4. Key Words and Search Strategy: 

DOD BRO search 1: multiple ANO sclerosis AND elegans AND mice 
DOD BRO search 2: autoimmune AND elegans ANO mice 

NIH REPORTER search 1: multiple AND sclerosis AND elegans AND mice 
NIH REPORTER search 2: autoimmune AND elegans AND mice 

PUBMED search 1: multiple AND sclerosis AND elegans AND mice 
PUBMED search 2: autoimmune AND elegans AND mice 

11.2.5. Results of Search: 
DOD BRD search 1: No results 
DOD BRD search 2: No results 

NIH REPORTER search 1: 6 unique studies, none evaluating protection 
against multiple sclerosis by C. elegans or nematode products. 
NIH REPORTER search 2: 4 unique studies, none evaluating protection against 
multiple sclerosis by C. e/egans or nematode products 

PUBMED search 1: 4 unique studies, none evaluating protection against 
multiple sclerosis by C. elegans or nematode products. 
PUBMED search 2: 15 unique studies, none evaluating protection against 
multiple sclerosis by C. elegans or nematode products 

Ill. OBJECTIVE\HYPOTHESIS: The objective of this proposal is to discover potential 
new treatments for Multiple sclerosis and to better understand the immuno-modulatory 
mechanisms of helminth/nematode therapy. 

IV. MILITARY RELEVANCE: 
Multiple sclerosis and other type 1-driven autoimmune processes are common diseases 
that cause a high degree of morbidity worldwide. Since it is an exclusion criterion for 
enlistment in the U.S. military (with typical diagnoses of the disease occurring between 
the ages of 20 and 50), and as it is estimated that 400,000 Americans have been 
diagnosed. this disease significantly limits the number of Americans able to volunteer 
for active military duty. Additionally, the research described in this proposal has the 
potential to lead to new modalities of treatment for other autoimmune diseases that are 
common in military personnel, including Type 1 diabetes, rheumatoid arthritis, and 
systemic lupus erythematosis. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

V.1.1. Experiment 1: The purpose of this procedure is to establish a snaJ:shot of the 
pharmacokinetics (pK) of axenically derived C. elegans antigen (aCeAg·'+ FP) in SJL/j 
mice. Pain Category C -- 33 mice 
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Experimental design: aCeAgG-1+GfP will be processed in the laboratory via methods 
previously described by C. P. Morris. et al. (Experimental Parasitology 135. 2013). 
Briefly, soluble proteins will be isolated from a homogenate of axenically grown C. 
elegans. This fraction will be sterile filtered and analyzed for endotoxins levels via 
Limulus Amebocyte Lysate (LAL) assay {Pierce Cat# 88282). Samples measuring at or 
below 0.2EU/ml will be used for injection. 

Mice will be treated with 10 and 100 ~lg doses of aCeAg ./+GFP. in 1 OO~! I Phosphate 
Buffered Saline (PBS) by one of the following routes: intra-peritoneal, intravenous, 
subcutaneous, intra-nasal. or oral gavage. Blood will be drawn 1 hour post-treatment 
by tail bleed (-75µ1), and 6 hours post -treatment (and following eutnanasia) by cardiac 
puncture (-500 ~l ). Serum will be processed and analyzed for the amount of aCeAg 
proteins they contain. Comparisons will be made among the various routes of 
aCeAg-1+GFP administration . 

Admin. Route 

Group 1 NIA 
Group 2 IP ln"ection 
Grouo 3 IV. In ection 
Group4 SC in ectlon 
Group S Intra-nasal 
Group 6 Oral gavage 

Administer aCeAg<l" via the 
following routes: 
Intra.peritoneal, / 

intravenous, subcutaneous, / 

__ ~~r:·~~~·-o~ c:r~ ~a~~g~ __ ~ 

I 
1011g in 100~11 PBS (n• 1S) I 

Exot 1 • An Ima I # ( 33 mice total) 
aCoAg (Oµg) aceAg (10µg) 

3 ... 
·- 3 
- 3 
- 3 
- 3 

- 3 

lOOJtK in 100~11 PBS (n= 15) 

1 Untreated Controls . (n:3) ......_ ______ ___... 

I 
aCeAg (1uuµg) I 

-
3 
3 
3 
3 
3 

V.1 .2. Experiment 2: lmmunomodulation induced by helminth infections typically takes 
several weeks to develop. As such, we envision aCeAg (or other worm-derived 
products) as immuno-modulatory drugs for chronic inflammatory diseases rather than 
therapeutics for acute exacerbations of autoimmune disease. To test this, we plan to 
use a remitting/relapsing mouse model of multiple sclerosis. 

Experiment 2A - The purpose of this experiment is to establish the relapsing EAE 
model in our laboratory. Pain Category C -- 5-10 mice, Pain Category E -- 10-20 mice 

Experimental design: EAE will be induced in SJUj female mice by immunization with 
the antigenic Myelin Proteollpid Protein (PLP,39.151) peptide 1n complete Freund's 
adjuvant (CFA) with and without an added Pertussis Toxin (PTX) challenge. Reagents 
will be obtained from Hooke Laboratories (PLP139. , 51/CFA Emulsion - cat. no. EK-01 20), 
and PLP13g.1s1/CFA Emulsion PTX - cat no. EK-2120) These mice will develop 
relapsing-remitting paralysis. with typical EAE onset between 9 and 13 days after 
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immunization (with PTX) and 11 to 15 days after immunization (without PTX), and peak 
of disease 1 to 2 days after disease onset for each mouse. The peak of disease lasts 1 
to 3 days, with mice completely or partially recovering within 7-10 days. Approximately 
50 to 80% of mice will show an increase in EAE severity (relapse) after initial partial or 
complete recovery. This usually occurs 20 to 40 days after immunization. Mice are 
typically observed for 40 to 45 days after immunization. This is sufficient for at least 
50% of mice to relapse. 

To determine which regimen best results in a recurrent EAE phenotype, at 6-10 
weeks of age mice will be given a total of four subcutaneous injections (in the upper 
trunk, -2cm from the base of each fore- and hind-limb , consisting of one of the following 
regimens: 50µ1 of Phosphate Buffered Saline (PBS) alone, 50pg of PLP139.1s1/CFA 
emulsion in 50µ1 PBS, 50~tg PLP 13g.1s1/CFA emulsion in 50~Li PBS plus SOOng pertussis 
toxin in 100µ1 PBS given by i.p. injection. Mice will be observed daily from experiment 
Day 7 through study duration for the development of clinical symptoms , which manifest 
as a peripheral neuropathy ranging from limp tail or weak hind limb to complete hind 
limb paralysis (detailed description below in section V.4. 1.2.1.). We expect disease 
onset 9 to 15 days after induction, remission of disease within 2 to 3 days after onset, 
and relapse of disease occurring for 50% to 80% of induced animals. If we do not 
observe disease onset within 15 days of induction, the experiment will be repeated . in a 
new set of animals, using 100 ~ l of PLP13s. 151 in groups 2(a) and 3(a). 

Expt 2A -Animal ti (15 - 30 mice total) 
Treament 

Group 1 PBS treated mice 
Group 2 PLP139-151/CFA challenged mice 
Group 3 PLP139-151/CFA + Pertussin Toxin challenged mice 

I 
t t l-

.---- • • t t 
EAE lnduct1on: 

s.c. Injections with 
PLPIJH /r'A •J·pr 

t t t t t 

ttttttttttttt 

• t 

1-1-1-1-1-1-1 
Expt . Week: 0 2 4 6 S 10 12 

- Disease 
remiss;on 

#SJUj 
s -10 
5 - 10 
5 -10 

Experiment 28 - The purpose of this procedure is to test whether repeated 
administration of aCeAg, started before induction of EAE, prevents clinical disease. 
Pain Category C - 20 mice, Pain Category E -- 20 mice 
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Experimental design: aCeAg·1+GFP immunotherapy, consisting of IP injections of 
1 OOµg/mouse in 1 OO~tl PBS, will be started 4 weeks prior to induction of EAE, and will 
continue twice weekly for the duration of the study. EAE will be induced when mice are 
8 weeks of age. Specifically, we will use the proteolipid protein (PLP) induction model 
for experimental autoimmune encephalomyelitis (EAE) in SJUj mice. SJUj female mice 
will receive a total of four subcutaneous injections of a PLP139.151/CFA emulsion (50~L9 in 
50).ll PBS) in the upper trunk, -2cm from the base of each fore- and hind-limb) on 
experiment Day 0. Mice may also receive an intra-peritoneal injection of Pertussis toxin 
(500ng in 100µ1 PBS}, depending on the results of experiment 2A. Mice will be observed 
daily from experiment Day 7 through study duration for the development of clinical 
symptoms, which manifest as a peripheral neuropathy ranging from limp tail or weak 
hind limb to complete hind limb paralysis (detailed description below in section 
V.4.1.2.1.). Additionally, -75 p of blood will be drawn every 2 to 4 weeks, by tail 
bleed. and plasma will be frozen. until study's end, for assessment of antibody 
responses to aCeAg·l+GFP and PLP13s-1s1. 

At week 12 animals will be euthanized. A final 500µ1 of blood will be collected for 
plasma analysis of lgG and lgE levels, the brain and spinal cord will be extracted for 
histological analysis of inflammation, and the spleen and draining lymph nodes will be 
collected for analysis of lymphocyte proliferation and cytokine secretion profiles. 

Expt 28 -Animal# (40 mice total) 
Treament 

Group 1 PBS treated mice 
Group 2 PBS treated mice with PLP139.m/CFA challenge 
Group 3 aCeAg treated mice 
Group 4 aCeAg treated mice with PLP 139.m/CFA challenge 

t t t t t t 

t • t t t • t t t • t t t • t t t 
EAE Induction: 

l- --, 
s.c. injections with 

PlP1 /CFA 
~- -~ t t __________ _ 

I 
t t • t t t t • t 

1-1-1-1-1-1-1-1-1 
Expt. Week: -4 -2 O 2 4 6 B 10 lZ 

-oisease 
remi~sion 

#SJUj 
10 
10 
10 
10 

Experiment 2C - In this experiment we will test whether aCeAg injections can 
ameliorate relapse in animals that have already been sensitized to develop EAE. 
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Pain Category C -- 40 mice, Pain Category E -- 40 mice 

Experimental design: The proteolipid protein (PLP) induction model for EAE (as 
described in Experiments 2A and 28) will be induced in 8-week old SJUj mice. aCeAg 
immunotherapy, consisting of IP injections of 100~1g/mouse in 100µ1 PBS, will be started 
1 week after the induction of EAE, and will continue twice weekly for the duration of the 
study. Mice will be observed daily from experiment Day 7 through study duration for the 
development of clinical symptoms, which manifest as a peripheral neuropathy ranging 
from limp tail or weak hind limb to complete hind limb paralysis (detailed description 
below in section V.4.1.2.1.). Additionally, -75 ~1 - of blood will be drawn every 2 to 4 
weeks, by tail bleed. and plasma will be frozen, until study's end, for assessment of 
antibody responses to aCeAg-t+GFP and PLP139-151. 

At week 12 animals will be euthanized. A final 500~d of blood will be collected for 
plasma analysis of lgG and lgE levels, the brain and spinal cord will be extracted for 
histological analysis of inflammation, and the spleen and draining lymph nodes will be 
collected for analysis of lymphocyte proliferation and cytokine secretion profiles. 
Because the occurrence of relapsing EAE is somewhat variable, this experiment will 
require 20 animals per treatment group. 

Expt 2C - Animal # (80 mice total) 
Treament 

Group 1 PBS treated mice 
Group 2 PBS treated mice with PLP ,39•151/CFA challenge 
Group 3 aCeAg treated mice 
Group4 aCeAg treated mice with PLP m .151/CFA challenge 

t t t t t t t t 

t t t t t t • t t t + t t t t t t 

EAE Induction: 
s.c. Injections with 

PLP1: /CFA 

• t 

I 
t t t t t • 

1-1-1-1-1-1-1 
Expt. Week: 0 2 4 6 8 10 12 

l 
-Disease 
relapse 

~oisease 

remission 
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V.2. Data Analysis: 
Primary endpoint is clinical EAE disease activity scoring. A sample size of 10 

mice in each group will have 80% power to detect a probability of 0.862 that an 
observation in one group is less than an observation in another group using a 
Mann-Whitney rank-sum test with a 0.05 two-sided significance level. For 
experiments 2A and 28 a total of 70 SJUj mice are required 

For analysis of EAE relapse greater variability (and standard deviation) is 
expected, thus it is recommended that 15-20 animals per groups be analyzed. 
For experiment 2C a total of 80 SJUj mice are required. 

As experiment 1 is observational, statistical analysis is not required. 

Experiment 1: The purpose of this experiment is to obtain a pharmacokentic 
snapshot of aCeAg metabolism in SJL/j mice based of route of administration. 

Five groups of 6 animals each will be used, in which 3 animals will receive1 Oµg 
of aCeAg, and 3 animals will receive a 100µg dose of aCeAg. Three animals will 
serve as negative controls with no treatment. Each group will differ in the route of 
aCeAg administration - intra-peritoneal injection. intra-venous injection. 
subcutaneous injection. intra-nasal administration, or oral gavage. 200 pl of 
blood will be drawn at 1 hour by tail bleed. Mice will be euthanized at 6 hours 
and 500 ~d of blood drawn by cardiac puncture. Blood samples will be drawn into 
plasma S_;£arato_r tubes. ~lasma will then be tested for presen_ce of known c_. 
elegans-1 FP antigen proteins. CAPG-1 and -/+GFP, by sandwich ELISA. This 
experiment requires a total of 5 groups x 6 mice/group plus 3 control animals;:;: 
33 mice. 

Experiment 2A: The purpose of this experiment is to establish the relapsing 
model of EAE in our laboratory. 

Because we simply want to determine if we can recapitulate this established 
model, in this experiment we will only be using 5 mice per group. If the initial 
study does not demonstrate substantial phenotype during relapse, the 
experiment will be repeated using a higher dose of PLP. The primary outcome is 
clinical score during relapse (approximately weeks 6-8). Given that there are 3 
groups of mice in this experiment (EAE, PLP/CFA. and PLP/CFA +pertussis 
toxin), this experiment will require 15-30 mice. 

Experiment 28: The purpose of this experiment is to assess whether aCeAg 
injections are protective in a relapsing/remitting model of multiple sclerosis. Here 
we will test whether repeated administration or aCeAg started before induction of 
EAE prevents clinical disease. 

Four groups of 10 SJUj female mice each will be used. Four weeks prior to EAE 
induction, 100 pg of aCeAg·1•GFP will be given twice weekly by intra-peritoneal 
injection, and treatment will continue to experiment endpoint. EAE will be 
induced, in 8-week old mice, via subcutaneous injections of PLP/CFA into the 
upper trunk, -2cm from the base of each fore- and hind-limb. We will score 
these animals for clinical manifestation of disease (a peripheral neuropathy 
ranging from limp tail or weak hind limb to complete hind limb paralysis; see 
details below and in section V.4.1.2.1 ). as well as disease remission and relapse. 
Additionally, we will analyze plasma levels of lgG and lgE antibodies. We will 
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examine brain and spinal cord sections for inflammation, and splenocyt.es and 
draining lymph node cells for proliferation and cyt.okine production. As this 
experiment requires 10 animals per group, and as there are 4 groups, this 
experiment requires 40 mice. 

Experiment 2C: The purpose of this experiment is to assess whether aCeAg 
injections are suppressive in a relapsing/remitting model of multiple sclerosis. In 
part 2C we will test whether aCeAg injections can ameliorate relapse in animals 
that have already been sensitized to develop EAE. 

Four groups of 20 SJUj female mice each will be used. EAE will be induced, in 8-
week mice, via subcutaneous injections of PLP and complete Freund's adjuvant 
behind each shoulder and on either side of the tail. One week following 
sensitization, we will score these animals for clinical manifestation of disease (a 
peripheral neuropathy ranging from limp tail or weak hind limb to complete hind 
limb paralysis; see details below and in section V.4.1.2.1 ), as well as disease 
remission and relapse. Additionally, we will analyze plasma levels of lgG and lgE 
antibodies. We will examine brain and spinal cord sections for inflammation, and 
splenocytes and draining lymph node cells for proliferation and cytokine 
production. Given the variability in occurrence of relapsing EAE, this experiment 
will require 20 animals per treatment group for a total of 4 groups x 20 
mice/group= 80 mice. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: Alternative methods for studying 
autoimmune disease outside of in vivo approaches do not currently exist. The studies 
supported by this protocol specifically examine in vivo autoimmune pathogenesis, a 
phenomena without an in vitro equivalent. Further, our studies will be determining 
potential protective and/or suppressive immunotherapies. 

V.3.2. Animal Model and Species Justification: Mice were chosen based on the 
similarities between the models utilized and human autoimmune disease. In addition, 
mice are a very well characterized model system, with a multitude of immunologically 
relevant mouse specific tools available. No smaller, less sentient mammalian species 
with appropriate genetic components and inflammatory responses are readily available 
for studying these aspects of autoimmunity. Examination in non-mammalian species is 
problematic, as the autoimmune disease model is only known to occur in higher 
vertebrate species. Current in vitro systems do not recapitulate the complex 
interactions between the cells and extracellular components necessary to model the 
interactions of T-cells with the target organs of interest. In sifico models are insufficient 
for dissection of pathogenic T-cell interactions with target tissues due to the vast 
number of still unknown players that play a role in the examined processes. 

SJL/j mice were chosen for the EAE studies due to the similarities between the disease 
model and autoimmune mediated CNS disease in humans. This model provides a well
described system that has been used in many published studies for examination of 
mechanisms involved in autoimmune mediated CNS diseases such as MS. Additionally, 
reagents necessary for these studies are readily available. 
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-
V.3.3. Laboratory Animals 

V.3.3.1. Genus & SpedeS.: 
V.3.3.2. Strain/Stock: 
V.3.3.3. SourceNendor: 

V.3.3.4. Age: 

V.3.3.5. Weight: 

V.3.3.6. ~: 
V.3.3.7. Special ConslderatitH1s~ 

Species #1 
Mus musculus 

SJL/j 

4-12 weeks 

10-25g 
Female 

None 

V .3.4. Number of Anima\s Regu_ired 163 
(by Species}: 

V.3.5. Refinement, Reduction, Replac~ment (3J3.s) : 

Species #2 

V.3.5.1 . Ref1ine_m_ent: All animals with EAE are observed daily for advanced disease. 
If advanced disease is detected food and water sources on the floor of the cage w~rn be 
provided . In addition animals will be euthanized if they meet any of the alternate 
endpoint criteria outlined in section V4.5 Analgesics were considered but cannot be 
used to relieve pain due to their effects on the immu ne and neuronal cells being tested ~ 

V.3.5.2. Reduction: Statistical analyses were utilized to deterrmne the minimum 
number of animals required to test individual hypotheses, thus allowing us to determine 
with a fair degree of power the likelihood of whether our hypotheses are correct. The 
number of animals requested represent the minimum number we consider necessary 
for completion of our studies. We are using 5-20 mice per group, and every effort is 
made to ensure the scientific utility of data derived from each animal used in this study 
by monitoring, evaluating and modifying group size as needed to obtain clear and 
consistent data. Every effort will be made to minimize the numbers of mice used without 
compromising research results . 

V.3.5.3. Replac.ement: All of our studies require animals with an intact immune 
system. and therefcma cannot be replicated in vitro. 

V.4. Technjca~ Methods: 

V.4.1, Pain J Distress .Assess,ment 

V.4.1.1. APHIS Form 7023 Information: 
V.4.1 .1.1. Number Of Animals : 

Species #1 

V.4.1.1.1.1. Column C: 103 

V.4.1 .1.1.2. Column 0 : 
V.4.1.1.1.3. Column E: 80 
V.4.1 .2. Pain Relief I Prevention; 
V.4.1.2.1. Anesthesia/Analgesia/Tranguilization: 

Species #2 

Inhalation anesthesia for immobilization for intra-nasal administrations: We will follow 
IACUC policy for our procedures. Mice undergoing intranasal inoculation will first be 
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anesthetized with isoflurane at 1-4.5% in a chamber using a precision vaporizer. Once 
they are immobilized, they will be removed from the induction chamber and depth of 
anesthesia will be monitored to ensure both adequate anesthesia (lack of movement 
with toe pinch) and adequate respiration. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: 
Monitoring of EAE: Experimental Allergic Encephalomyelitis (EAE) is an autoimmune 
disorder characterized by a chronic relapsing, and remitting paralysis secondary to 
central nervous system (CNS) demyelination caused by T cells, and mice can go into 
remission even after development of stage Ill disease. Ordinarily, animals will be 
monitored for clinical symptoms daily and weighed every other day to determine weight 
loss associated with autoimmune disease. Animals with score of 4 will be monitored 
twice daily until the symptoms have resolved to a lower score. If resolution does not 
occur within 3 days the animal will be euthanized. A standardized system has been 
devised for classification of disease severity in both atypical and classical EAE. 
(Abromson-Leeman, Bronson et al. 2004; Lees, lwakura et al. 2008). Clinical symptoms 
will be graded and recorded daily using the following scales: 

Classical EAE symptoms 
1- Flaccid Tail 
2- Delay in righting reflex, hind limb weakness 
3- Flaccid paralysis in 1 hind limb 
4- Flaccid paralysis in both hind limbs 
5- Moribund 

Atypical EAE symptoms 
1- Tail Rigor 
2- Wide stance, leaning, or directed locomotion to a single side, mild ataxia 
3- Continual turning to a single side, rigor in a single limb, moderate ataxia 
4- Rolling, rigor in multiple limbs. severe ataxia 
5- Moribund 

Ataxia symptoms 
1- Mild ataxia (stumbling) 
2- Moderate ataxia (weaving) 
3- Severe ataxia (moribund) 

Mice will be considered moribund if they are found to be incapable of directed mobility 
at will. Specifically, mice with paralysis, rigor, or weakness in three or more limbs will 
be considered moribund. Additionally any mouse that is found to be incapable of 
directed continuous (lasting longer than 1 s) movement due to vertigo or ataxia will be 
defined as moribund. Any mice with scores higher than a 2 on any EAE disease score 
scale will be provided with moistened food and transport gel on the cage floor to insure 
access to food and water. Hydration will be monitored by physical examination. If 
animals show signs of injury or difficulty ambulating they will be relocated to a separate 
cage to protect them from potential negative interactions with cage-mates. Mice with 
distended bladders that do not urinate upon handling will be considered incapable of 
self-elimination and the bladder will be expressed twice daily until symptoms subside or 
the mouse is euthanized. Skin lesions and ulcers are expected in many of the mice 
after complete CFA administration. Lesions will be monitored for development of 
abscesses or draining lesions. If such a discharge occurs mice will be euthanized. 
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V.4.1.2.3. Paralytics: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V .4.1.3.1. Sources Searched: AG RICO LA, Pub Med 

V.4.1.3.2. Date of Search: 7/28/15 
V .4.1.3.3. Period of Search: All available. 

V.4.1.3.4. Key Words of Search: 
Search 1: Alternatives to CFA in EAE AND mice 
Search 2: Alternatives to complete Freund's adjuvant in EAE AND mice 
Search 3: Alternatives to complete Freund's adjuvant in encephalomyelitis AND 
mice 
Search 4: Pain EAE AND mice 
Search 5: Pain encephalomyelitis AND mice 
Search 6: cfa AND Pain AND eae AND mice 
Search 7: complete Freund's adjuvant AND Pain AND encephalomyelitis AND mice 

V.4.1.3.5. Results of Search: 
AGRICOLA: search 1-3 No results 
AGRICOLA: search 4 2 unique studies; None relevant 
AGRICOLA: search 5 2 unique studies: None relevant 
PubMed: search 1-3 No results 
PubMed: search 4 - 29 unique studies; None relevant 
PubMed: search 5 - 46 unique studies; None relevant 
PubMed: search 6 - 1 unique studies; None relevant 
PubMed: search 7 - 7 unique studies; None relevant 

V .4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
(1) Some mice used under this proposal will develop EAE following treatment. The 
neurological symptoms associated with EAE will be experienced without relief for the 
remainder of the time described in individual experiment descriptions. The induction 
and development of EAE is vital to all major scientific questions addressed in this 
proposal. As analgesics work by modulation of neuronal and inflammatory processes 
treatment with analgesics could compromise our neuro-immunological findings. It is my 
belief that the utilization of the EAE system will allow us to address unique questions 
relating to neuro-inflammation that may in turn provide significant human benefit, thus 
justifying the moderate and temporary pain and distress the animals may experience. 

(2) The use of Complete Freund's Adjuvant (CFA) is needed in the EAE model to 
generate an inflammatory response, thus breaking the animal's immunological tolerance 
to the antigenic Proteolipid protein peptide (PLP139.1s1). This leads to the formation of 
multiple small, disseminated lesions of demyelination, micro-necrosis in the brain and 
spinal cord and the onset of clinical symptoms. Although multiple adjuvants are 
sufficient to induce EAE in rats, CFA is thought to be uniquely capable of reliably 
generating autoimmunity in mice (Stromnes and Goverman 2006). Researchers have 
tried muramyldipeptide. purified lipid A. and saponins in various water-in-oil emulsions 
without much success. One research group claims to have achieved EAE in C57BL/6 
mice using Qui! A, however these results have not been duplicated, and Quil A has not 
been proven effective with the SJL/j mouse model of MS. As such for these studies, no 
adequate substitute is available. In spite of using the minimally effective amount of CFA 
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(CFA suspended 1 :1 (v/v) with the antigen preparation; subcutaneous injection of 0 .05 
ml per site) , the adjuvant may cause skin lesions or ulcers at the site of injection. Mice 
will be monitored for development of abscesses or draining lesions. If discharge is 
observed the veterinary staff will be consulted and/or the mice will be euthanized. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: N/A 

V.4.3.1. Pre-surgical Provisions: N/A 

V.4.3.2. Procedure: NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. Location: NIA 

V .4.3.5. Surgeon: NIA 

V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations: 

V .4.4.1. Injections: 

SQ injection- Subcutaneous injections of aCeAg (for pharmacokinetic analysis) will be 
administered between the shoulder blades using a 25-27G needle with less than or 
equal to 100 µI total volume. Subcutaneous injections of CFA/PBS emulsion containing 
PLP139. 151 peptide (for induction of EAE) will be administered into the upper trunk, ... 2cm 
from the base of each fore- and hind-limb, using a 25-27G needle with 50 µI total 
volume per site. 

JP injection - lntraperitoneal injections of aCeAg (for pharmacokinetic analysis), aCeAg 
and/or PBS (for EAE therapy/control), and/or pertussis toxin in PBS (for induction of 
EAE) will be done using a 23-25 gauge needle into the caudal ventral abdomen of 
recipient mice. All IP injections will be done with no more than 200 µI of volume. 

IV injection- Intravenous injections of aCeAg (for pharmacokinetic analysis), in a volume 
no greater than 200~d. will be done in the lateral tail vein using a 25-30 gauge needle. 
Mice will first be restrained in a commercial Pexiglas chamber. The chamber will be 
covered with a piece of paper and a heat lamp will be placed over the tail to dilate the 
veins. Care will be taken not to overheat the animal. After locating the tail vein, the site 
will be disinfected with an alcohol swab. The needle will be placed parallel to the tail 
pointing toward the head. Following the injection, the needle will be removed and 
gentle pressure will be applied to the site until bleeding stops (-30 seconds). 

V.4.4.2. Biosamples: 

Ante-mortem biosampling 

A. Blood draws: Up to 75~LI of blood will be drawn every two weeks until time of 
euthanasia by tail bleed. Mice will be placed in a Broome restrainer while awake. A 
heat lamp is then placed over the tail of the mice for one to two minutes. Then, a 
shallow incision is made on the ventral surface of the tail just lateral to mid line across 
one of the two lateral tail veins with a #10 scalpel blade. Drops of blood are then 
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directly collected into a small test tube. At the end of collection, mice are removed from 
the heat lamp and direct pressure is applied to the incision site with clean gauze. 

Post-mortem biosampling 
A. Terminal bleed: We only conduct terminal bleeds after animals have been 
euthanized by carbon dioxide as described in section V.4.6. The terminal bleed is a 
supplemental method to ensure death. The maximum possible amount of blood 
obtainable will be drawn by withdrawing blood directly from the heart post-mortem using 
a 20-23 gauge needle inserted into the left ventricle of the heart. Collected blood will be 
transferred into microtube for plasma processing. 

8. Recovery of lymph nodes and organs of interest: Once euthanasia and terminal 
bleed is complete, brachia! lymph nodes, pancreatic lymph nodes thoracic cavity lymph 
nodes (parathymic, post-mediastinal, and paravertebral lymph nodes), spleen, etc. will 
be removed for further study using aseptic techniques via lymph node dissection, 
midline thoracotcomy, and midline laparotomy. Histology may be performed on the 
tissues obtained. 

V.4.4.3. Adjuvants: Complete Freund's adjuvant has been commonly used for 
decades in immunologic studies in mice and while multiple adjuvants are sufficient to 
induce EAE in rats, CFA is thought to be uniquely capable of reliably generating 
autoimmunity in mice (Stromnes and Goverman 2006). Researchers have tried 
muramyldipeptide, purified lipid A, and saponins in various water-in-oil emulsions 
without much success. One research group claims to have achieved EAE in C578L/6 
mice using Quil A, however these results have not been duplicated, and Quil A has not 
been proven effective with the SJUj mouse model of MS. As such for these studies, no 
adequate substitute is available. Mice will be treated with a CFA emulsion contain ing 
the PLP immuno-dominant peptide or PBS. Four subcutaneous injections will be 
administered into the upper trunk, -2cm from the base of each fore- and hind-limb, 
using a 25-27G needle with 50 µI total volume per site. Mice will be watched for 
development of adverse reactions and subsequent euthanasia as described in section 
V.4.5. 

V .4.4.4. Monoclonal Antibody (MAbs) Production: NIA 

V.4.4.5. Animal Identification: Cage cards will be used. Animals may be identified 
by 2mm ear punch. 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: 

Oral gavage inoculation - Oral inoculation of aCeAg (for pharmacokinetic analysis), in 
a volume no greater than 200~d will be performed. Mice will be manually restrained at 
the neck and back scruff, with the neck vertically extended. A 22 gauge ball tip needle 
will be gently passed through the mouth and pharynx into the esophagus. Contents of 
the syringe will be slowly administered. 

Intranasal inoculation - Intranasal inoculation of aCeAg (for pharmacokinetic analysis). 
in a volume no greater than 30~d will be performed on anesthetized mice. Animals will 
be anesthetized with isoflurane at 1-4.5% in a chamber using a precision vaporizer. 
Once they are immobilized, they will be removed from the induction chamber and depth 
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of anesthesia will be monitored to ensure both adequate anesthesia (lack of movement) 
and adequate respiration. The mice will be manually restrained with the tail anchored 
between the small finger and the palm (Simmons and Brick, 1970). While held in a 
supine pos1t1on with the head elevated. The end of a micropipette will be placed at or tn 

the external nares. and the solution will be slowly injected. 

V.4.4.8. Tissue Sharing: Unused tissues will be available after termination of 
experimental procedures with the understanding that mice have been manipulated and 
may have disease-associated tissue inflammation. 

V.4.5. Study Endpoint: Euthanasia at pre-determined time. Alternatively mice will be 
euthanized if they are judged to be moribund or display any of the following criteria 
associated with EAE development· 

i. Total weight loss exceeding 20% of body weight at start of experiment. 
ii. Inability to rest. 
111. Hunched posture, head tucked into abdomen, lethargy lasting for >24 hours. 
av. Any condition that interferes with fecal or urinary elimination. 

or development of other issues sometimes found in the mouse population: 
Y. Formation of multiple sores on tail. 
vi . Diarrhea, if debilitating or prolonged over 3 days. 
\ 'ii. Spreading alopec1a that covers -25% or more body surface area. 
\"ii i. Excessive scratching with associated scabbing 
1x. Persistent coughing, labored breathing, or nasal discharge. 
x. Jaundice. 
xi. Bleeding from any orifice and!or prolapse. 
xu. Pus-like discharge from sores. 

While we do not anticipate any complications as a result of aCeAg inoculations. any 
animal that shows signs of distress. pain, illness, or anaphylactic shock (respiratory 
distress. edema. wheezing) will be evaluated by the veterinary staff and the P.I. and 
then euthanized. 

V .4.6. Euthanasia: Carbon dioxide. Animals will be euthanized by Center for LAM or 
research personnel using cylinderized C02 in compliance with the most current version 
~VMA Guidelines. Euthanasia will be performed inltb){fi) l or in room 
E__J If possible, animals will be euthanized in their home cage. If not, a clean rodent 

cage will be used. Animals will be placed in a chamber that is not overcrowded (each 
animal can place all four feet on the bottom of the cage). With animals in the chamber. 
the flow rate will displace 10-30% of the chamber volume per minute. Gas flow will be 
maintained for at least one minute after apparent clinical death Animals will be verified 
as dead (lack of heart beat and lack of respirations, blanched retinas . cyanotic mucous 
membranes) before removal of the chamber. 

Note: For all euthanized animals. a supplemental method to ensure death (cervical 
dislocation or bilateral thoracotomy or terminal bleed) will be used in addition to carbon 
d1ox1de. 
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V.5. Veterinary Care: 
V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

V.5.1.1. Study Room: 
Building(s)l._<6_>t6_> _ ____ ....._ Room Number(s) as assigned by LAM 

rb1(6) V.5.1 .2. 
Special Husbandry Provisions: 

Food Restriction: Yes No x 
Fluid Restriction: Yes No x 

V.5.1.3. Exceptions : None 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Veterinary Medical Care: Animals will be cared for by LAM 
personnel according to LAM SOPs. 

We will also monitor daily and weigh every other day following development of EAE 
clinical symptoms. Arrangements will be made with ·the Laboratory of Animal 
Management (LAM) staff for placement of food and water sources on the floor of cages 
as needed for animals that may have difficulty accessing the normal feed and water 
sources. 

V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians. and an on-call veterinarian. I.AM personnel, once daily, conduct essential 
husbandry procedures and health rounds during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents: balls, 
toys and food enrichment treats for large animal species. 

V.5.3.2. Enrichment Restrictions: None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol activity or 
procedure (e g . tail 

vein injections. Name of person 
euthanasia) oerform ina activitv 

(0)(6} 

Injections 

--
Tail bleeds 
Euthanasia (C02, 
cardiac puncture) 
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Qualifications of Specific training in 
person performing this activity or 

activity (e.g ., procedure (e.g .. 
research technician, rodent handling 

2 vrs experience) class, 1999) 
IACUC investigator 

9 years experience training course 
Aoril 2006 -9 vears exoerience 

9 vears exoerience 
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lOJlOJ 

Injections 

Euthanasia (C02, 
cardiac ouncture) 

Oral gavage 

Ta1 1I bleed 

Intranasal 
administration 

EAE 'Scoring 

Colony 
management. 
genotyping 

lnjec1ions. oral I 
·gavage, intranasal I 

administration 
i~uthanasia 
EAE animal 
observation arid 
.scoriina 
ijnjections 

Oral aavaae 
Tail bleeds 
Euthanasia (C02, 
cardiac ouncture} 
Mouse ciolohy 
management 

EAE scoring 

Injections 

Oral !'.lavai:ie 
Tail bleeds 
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IACUC investigator 
4 years elCperience !raining comse 

March 2011 
4 years experience 

To be learned: 
trainina nrovided by 

llOJ(OJ I 
1 o be learned: 
:.-- '-.;:o;t1 nrcwid~d by 

Kb)(6) I 
To be learned: I 

ltainino orovided by 
(b){6) I 
l o 9e learned; 
traininQ orovided by 

JDJ{6) I 
Univ. of Iowa IACUC 
Training 1999; 
Washington Univ. 
IACUC Training 

15 years experience 2004; Univ. ofi MD 
School of Medicine 
IACUC rodent 
handling and 
invest1ga~or trainihQ. 
2008; USUHS IACUC 
training 4/4113 

15 years experience 

1 5 vear.s e~oerience 

15 years experience 

7 years experience IACUC rnvestigator 
training course 
August 201·2 

_z_~ears exoerience 
7 vears experience 

7 vears experience 

__L}'.ears experience 
i o be learned; 
training ~rovided by 

1(0)(6) I 
IACUC investigator 

4 years experience tralni'ng course 
~2013 

...i_Y.ears exeerience 
4 yea.rs e~perienee I 
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Euthanasia (C02, 
cardiac uncture) 
Mouse colony 
management and 
observation 

EAE scoring 

-
4 years experience 

4 years experience 

To be learned; 
train in 
DJ( ) 

VII. B IOHAZARDS/SAFETY: Lab personnel will wear personal protective equipment 
(gloves, masks, lab coats or scrubs) when handling animals. Lab personnel will be 
briefed on safety measures to prevent accidental needle sticks with CFA (e.g. do not 
recap needles, proper disposal of needles) and the potential consequences of 
accidental injection of CFA into human tissues (e.g . localized inflammation, possible 
conversion to a positive TB test). If used for tissue fixation, paraformaldehyde will be 
used in a hood and personnel will wear personal protective equipment. 

VIII. ENCLOSURES: 

(1) EAE Induction by Active Immunization in SJL Mice 
- http ://hookelabs.com/protocols/eaeAI_ SJ L.html 

(2) Hooke Kits rM for EAE Induction in SJL Mice 
- http://hookelabs.com/products/EK-2120/ 

IX. ASSURANCES: 

As the Principal Investigator on this protocol , I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein. unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B . Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an ind1v1dual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

0 . Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regu lations concerning radiation 
protection, biosafety. recombinant issues. and so forth. in the preparation of this 
protocol 

E. Training: I verify that the personnel perfomiing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 
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F. Trainin~~o.cdu...u::M:l..t....i....a:... ....... ~....,,ded the USUHS Investigator/Animal User 
Trainln 

Principa nvesugator 1gnature 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Re.sponsibility: J acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project w ill demonstrate a concern for the health, 
comfort, welfare. and well-being of the research animals. Additionally. I pledge to 
conduct tr· · h "R" that the DOD has embraced. namely. 
"Respon"' 

01 5
> use alternatives where feasible and conducting 

humane 

Principal nvestlgator Signature 

I. Painful Procedure(s): 

I am conducting biomedical experiments. which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL NOT be relieved with th tics , analgesics and/or tranquilizers. I 
have con es; however, using the methoos and 
sources d mined that alternative procedures are 
not availa is proposed experiment. 

~ 1~0&11 
Princip nves 19a or 1gna ure Date 

X. PROTOCOL. ABSTRAC!: 

A. ~imal Protocol Number: 

B. Animal Protocol Tit.le: Efficacy of Caenorhabditis e/egans antigen as a 
protective treatment of experimental autoimmune encephalomyelitis (an animal 
model of multiple sclerosis) in mice 

C. frincipal lnvestigators~.<0_x5_-> ___ ... I M.D. 

0. Performing Organizajion: USUHS 
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Over the last decade, studies have shown an inverse relationship between 
endemic helminth infections and the incidence of allergy and/or autoimmune 
disease in developing regions. Further, the potential use of helminth-derived 
immune-regulatory therapy as a protective measure against inflammatory 
disease has been validated in both animal and clinical studies [1,2]. However, 
several obstacles impede the overall usefulness of helminic treatments including 
difficulties in obtaining large quantities (due to complex lifecycles), variability in 
purification and inter-batch efficacy, and the disease causing potential of live 
infections [3]. Here we propose a strategy for utilizing the beneficial effects of 
helminth immuno-suppression while avoiding the complicating issues associated 
with helminth isolation/treatment. 

We have shown in a proof-of-concept study that treatment of Non-obese Diabetic 
(NOD) mice with soluble antigens from axenically grown C. elegans (aCeAg) 
nematodes is protective for the onset of Type I Diabetes. Mechanistically, we 
have shown that these antigen treatments increase the levels of basophils, 
eosinophils, and polyclonal and antigen-specific lgE immunoglobutins, in a 
similar manner to that seen with L. sigmodontis treatments (4]. Further, we 
observe increased production of the suppressive cytokine IL-10, but not of the 
pro-inflammatory cytokine IFNy, from splenocytes of aCeAg-treated animals {4}. 

Our current study aims to analyze the potential for protective and/or suppressive 
effects of aCeAg treatments in the relapsing/remitting Multiple Sclerosis model of 
SJL/j mice. Thus, we will determine the potential therapeutic reach of this non
parasitic nematode-derived treatment, and gain a better understanding of the 
immuno-modulatory responses to such treatments. 

References 

1. H.J. Mcsorley and RM. Maizels, Helminth Infections and Host Immune Regulation, 
Clin. Microbial. Rev. 2012, 25(4):585 

2. A.R. Khan, and P.G. Fallon, Helminth therapies: Translating the unknown unknowns 
to known knowns. International Journal for Parasitology 43 (2013) 293-299 

3. C. Tilp, et al., Prerequisites for the pharmaceutical industry to develop and 
commercialise heJminths and helminth-derived product therapy, International Journal 
for Parasitology 43 (2013) 319-325 

4. Hubner, MP. et al., Inhibition of type 1 diabetes in filaria-infected non-obese diabetic 
mice is associated with a T helper type 2 shift and induction of Foxp3+ regulatory T 
cells. Immunology 127 (2009) 127: 512- 522. 

G. Indexing Terms (Descriptors): Multiple sclerosis, autoimmunity, helminth therapy, 
lgE, basophil, mast cell, regulatory T-cell, immune tolerance 
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MEMORANDUM FOR DRJ .... 15_1(6_1 _____ I DEPARTMENT OF MICROBrOLOGY 

SUBJECT: IACUC Approval of Protocol - Initial Review 

The following appl'ication was review~d and approv~d by th~ Unifo1med s~rvices 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
(IA.CUC) via Desi,gnated Memher Rc!view on January S. W 16: 

Animal Protocol TitJc:1'5l<'f5 

USUHS Protocol Npmltt:r': .... l!6_H6
_) ____ _. 

Expiration Date: January 4. 2019 

Supp_o,rting Cmun1CslNumher: llbR6},(6){4) 

.Name of Principal Investigator: Dr . .... 1<
6_li6_> ______ _ 

The USUHS has on Animal WGJfurn AssurWl(;C on tile with tht: Ollkc for Laboratory 
Animal Welfare (OLA W). National lnstitut~s (lf Health (NIH). The Assurance Number is 

!C6)(6\ I The lACUC approved the above referenced application as submitted. 

An annual review is requir~d for 011Ch of the three years of this protocol, This review 
must !be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be unimerrupted, i>rotocol expiration dates may not be extended. and no animal work 
may be done without an appro'ved protoc-01. Although the lAClJC may send reminders. it is the 
iinvesrigato.r's responsibility to submit an annual review form (Form 3206A) at least 30 days in 
advance. or a new Fonn 3206 for triennial revi~w at least 60 days in advance of expiration. 

p,rior to placing your first animitl order. please contact MAJl!b)<6) Ito schedule o prc-
p.rotocol pla.noing meeting l<b)(6> I This meeting must occur to ensure animal numbers arc 
loaded in the CART ~ystem and LAM resource~ are available to tnQct your needs. 

Chair, Institutional Animal 
Care amt Use Committee, USU HS 

cc: 
Ofllce rof Research 
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berianmen1 f efepnonit 
'i/fs /t.s 
Date 

AfTelNQINC! VEJER!NAIRIAN In accordance with the Animal Welfare Regulations, 
tne Ai'tencling Veterlnarian was consulted lh the planning of procedures .:Ind 
rmanijpu1auons that may tause meff! tf'lan slight or momelltary pain or distress, even If 
1reheved by anesthetics or analges~cs ~ /"'--Vyf- r~~ 

-;:-::-....,,._;:---.,-..,..,..,...-.-,....-,-- e)f6) I ....,~(6,,..,)(6_1 __ ____. 
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PRllNCrtE!i..J~eStJG_ATO.R~!16R6> 

Principal Investigator Signature Oepanmetit OffiaelLab T·eiephone Otte 

SCISNTllFICJRE~l&W: Thi~ ~rnima1 use proposal rec1wrea appropriate peer scientific; 
review and is consi1tent with good scientiflc 1res·eareh 1Practice. 

Research Untt Chief I Dept. Head Signature 
Typed Name: 

Title Telephone Date 

STATaSJJCAIL. REVIEW: A person knowtedgeable 1in biostatis1ics re\llewed this 
proposal to ensure that the number or animals used is a~proprjate to obtain sufficient 
data, andlor is 1n10t excesSl'le. arna the s'tatosticall desi,gn is a;ppropriate for th'e intent of the 
study. 

Statistician Sionature 
Tw>e<:t Name: 

Date 

ATTENDING VETE1RINARIAN: In accora::.noe With the Animal Welfare Regulations. 
the Attem:iing Veterinarian was consulted in the planning of procedures and 
maniptidalioos lhat may ta 1use mo:re than slight or momentary pain i0r dlstressi even if 
fielieved by anesthe1ics or analgesics. 

~- ~'-b)(~6)-.-~~~--
--..... ~ .... ---...... "--i!r--='~I Telephone 
Typed Nenme (ti {o) VMD 
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ANIMAIL. PROTOCOL NUMBER: 

PRINCIPAL ~NVESTIGATOR: ... r_x6
_
1 
-----

ANIMAl_F~llOJ_O_C_QL TIT_LE: fb1<4i l<bX4> I ._ ___________________ __, 

GRANT TITLE (if different from above): f0x4
) 

1<b)(a1 I ....... ~~~~~~~~~~~~~~ 

USYHS PROJECT NUMBER~ ... 1<6_>!
6_1 ______ _... 

CO-~NVESTIGATOR(S): l .... (b-)(
6_) __ IPh.o ..... r _J<B_) __ ..... IPh.D 

TEGHNICIANS(5): To be added 

I. N._Q~_cHt,ttC~~L SY ND_fE!_SJS: 
Malaria is a tiropical parasitologieal disease that remains a global health problem, causing more 
than halt a milllioin deaths and 250 million cases annually. E-xpanded control and treatment 
programs in the IPast decade have reduced the Incidence of the disease and led to the call for 
efforts do eliminate, possibly even eradicate. malaria. To do this new strategies are needed that 
target the se)(ual stages ·of 1he parasites. called gametocytes that are responsible for disease 
transmission. The cument recommended chemotherapy for malaria does not effectively kill 
mature gametocy:tes, allowing malaria to be transmitted for more than a week after the 
clearance 1of asexual parasites. !Previous drug screens used assays t l d a xual 
re Hcation and therefore did not monitor activi a, ainst ametocyies. D 4l 

10 14 e goa o 1s resean~ · 1s ree o o use a ro , en ma ana mo e o 
analyze the in v vo saiety of selectea compounds with In vitro gametocytocidal activity 2) to use 
a rodent malaria model to analyze the m vivo malaria transmission blocking efficacy of selected 
compounds w:ith in vitro gametocytoc1dal activity at doses found safe in mice 3) define the stage 
specificity arid timing of compound inhibition from 1ntraerythroc}ltic development to oocyst 
formation. Together these approaches shou'ld identify classes CJf compounds that can be 
targeted for frurther drug deve'lopment, as well as advance our understanding of gametocyte 
metabolism and facilitate the design of effective control stra1egies. The mouse studies 
descr1lbed Jn 'this work will be performed in full accordance with the Institutional Animal Care and 
Use Committee at USUHS 

II. BA...CKGRO_U_blO: 

11.1 . Background: 
Malaria ftransmission requires the production of male and female gametocytes in the human 
host. These gametocytes are then taken up ma blood meal by a mosquito and begin a 
multistep developmental process that leads to the formation of human-infectious sporozoites. In 
contrast to the 48 hr asexual replication cycle of Pfasmodium falclparum, the development of 
mature gametoc,Ytes takes 10-12 days [8}. Mature gametocytes then circulate in the peripheral 
blood io1r several days and a1re resistant to almost all known antimalarial drugs. Consequently, 
transmission can continue for over a week or longer after the clearance of asexual stages (9]. 
Primaquine, an 8-aminoql!linoline. effective.ly eliminates late stage gametocytes and has 
recently been included in mass drug administration efforts to reduce malaria transmission (10-
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12], but it has a short half-liife and does not affect early stage gametocytes. allowing continued 
production of infectious mature gametocytes. Primaquine can also have serious side effects in 
individuals witlh genetic deficiencies in glucose-6-phosphate dehydrogenase (G6PD) or NADPH
methemo9lob1n reductase [13]. Unfortunately. people living in malaria endemic areas have a 
high prevalence of these genetic mutations. and this fact has raised concems about the 
widespread use of prlnu~Quine to block transmission (13]. The active metabolite of artem1s1nin, 
dihydroartemisinin, also has gametocytocidal activity, but its gametocyte IC50 is -100 times 
hi9he1r than that 1required to kill asexual stages. Mosquito feeding assays have demonstrated 
that malaria patients remain infectious to mosquitoes for over a week after treatment [9]. This 
time course is cons1steru with arterrtisinin's preferential effect on immature gametocytes. Even 
this partial effect on transmission has been implicated in the decreased transmission observed 
over tlhe past several years [ 141. unrortunately, the mechanism of action of neither of these 
compounds is known, :so tlheir efficacy does not proVide clues to gametocyte vulnerabilities 

New, safe. potent gametocytocidal compounds are needed to effectJVely block malaria 
transmission and prevent the spread of malaria [3) The biology of gametocytes and asexual 
parasites diff1er s1gmficantl,y, rresulting in differential sensitivity to common antimalarials. One of 
the primary differences is the lack or ONA replication during gametocyie development. and 
consequent~y g:ametocytes are resistant to drugs that target de nova pyrimidine synthesis. such 
as sulf adox-ine-pynme!hamine, atovaquone and dihydroorotate dehydrogenase inhibitors ( 15]. 
After developing into .a stage II gametocyte, P. falciparum is no longer affected by compounds 
tha1 lbllock hemoglobin digestion or erythrocyte invasion. sucn as the 4-aminoquinolines and 
protease inhibitors [15!. Gametocytes also are not lysed by sorb1tol, suggesting a reduction in 
permeability !Pathways such ;as the plasmociial surface anion channel (PSAC) [1~18]. Likewise, 
gametocyte;s are not cleared by antibacterial agents such as clindamycin and tetracycline 
analogs that target the apicoplast. a relict plastid earned by Plasmodium [19]. Additional 
apieoplast-spiec1f1c enzyme systems nave not yet been evaluated in gametocytes. 

ihere are several reasons for the lack of drug studies on gametocytes and mosquito 
infectivity. First. although gametocytes can be detected 1n 95°/o of malana patients by analyzing 
RNA samples, they are difficult to detect by Glemsa-sta1ned thick smear and consequently they 
afe often not analyzed in fileld studies {20, 21] Additionally, few laboratories have experience 
growing gametocytes in culture and many lab-adapted lines have lost the ability to produce 
game~ocytes. Even in lines that 'do make gametocytes, maturation takes 12 days and the yield 
1s generally very low in companson to asexual stages, because only a small subpopulation of 
asexual parasites diffe1rent1ates into garnetocytes. Consequently. -50 fold fewer gametocytes 
than asexual parasites are p:rociueed from the same amount of stock culture over the same time 
period. ihe lack of ONA repHcation during gametocytogenesis also rules out the possibility of 
measull'itrlg increases in ONA content to estimate gameto_91!e viabilit , which is frequent! used 
to estimate tthe growth of asexual sta ·es. Consequently__, 

b 4 Jn contrast tested are inactive against mature 
...._~~~~~ -~~~~~~~~~~~~ 
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roved anti-malarials a ainst 

II produce and screen new derivatives in vitro ----------........ ---.----...------........ gametocytocidal activity. Compound with potent in wtro gametocytocidal activity will be selected 
and adv.anreect for in vivo testing in mice. 

11).2, Llteria'ture Se.a11ch for Duplication: 

11.'2.1. Literature Source(s) Searched: PIJbmed , NIH RePORTER, DTIC 

11.·2.2. Date of Search: No'110, 2015 

ll.2.3. Period of S_eatch; Pubm.ed (English filter, 1948-present); NIH RePORTER 
(active awards only, :2000-2015) 

11.2.4. Kev Words and Search Strategy: 
NIH RePORTER: (malaria transmission-blocking drug) NOT vaccine. only identified our 
current R01. The more general term '1malana" was used because this includes studies 
done in all species. including mice. 

Pubmed.: "(malaria transmission-blocking drug) NOT Vaccine" 

DTIC: "ma'laria transmission blocking drug". 

11.2.s . Results of Seareh: 
Pubmed: u{mala1rla transmission-blocking drug) NOT Vaccine· = 97 hits, The number of 
articles on transmission-blocking drug discovery has increased in the last five years with 
70 of these article being published from 2012-present. This increase reflects the 
realizat1ion that none of the current antl-malarials used for first line treatment block 
transmission. Consequently patients remain infectious for at least a week after 
sym1ptoms resolve allowing the parasite to continue to move through the population. 
Three hits were from our group, including a recent Science Reports article {2014) 
describ:ing a large screen of> 7000 bioactive compounds that has led to this proposal. 
The compounds being screened in this proposal are not being developed by other 
groups, many will be novel derivatives synthesized by our collaborators. 

NIH RePOIRTER: "(malaria transmission-blocking drug) NOT vaccine .. , only identified 
our current R01 that supports this project. 
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DTIC: "malaria transmission blocking drug". There were 3 hits. but only one involved 
malaria drug development the other two were screening for malaria immunity or vector 
control. The one drug development project is focused on optimizing a different chemical 
compound. ELQ-300. for oral adrntnistration. We will not be testing this compound 
unless it is in collaboration with the DOD Pl. We are collaborators with that DOD Pl on 
another grant to test some of his other compounds for transmission-blocking activity. 

Ill. OBJECTIVE\HYPOTIHESIS: The objectives of these proposed studies are: 
~ ) Determine the in vivo s,afety of selected gametocytocidal compounds using the rodent 

malaria model, Plasmodium berghei in mice. 
2) Determine the in vivo malana transmission blocking efficacy of selected gametocytocical 

compo1.n1as 1usin9 the rodent malaria model Plasmoctium berghei in mice at doses found 
to be safe. 

3) Define the stage specificity and timing of compound inhibition from 1ntraerythrocytic 
development to oocyst formation 

IV. MILITARY ~ELEVANCE : 
40% of the world's population lives in malaria endemic areas and, therefore, it continues 
to be a threat to military personnel deployed to these areas. The potential for infection 
was most recently demonstrated when 5 US soldiers working in Liberia to control the 
Ebola epidemic were diagnosed with the disease. Since 2005, 800 U.S Troops have 
bee:n infected with malaria (Air Forces Health Surveillance Center). Of most concern is 
tihat resistance has been reported for all the current anti·malarials. This finding has 
increased the push for tlhe identification of novel drugs that target clinical symptoms and 
can effectively block transmission to reduce the spread of malaria through the 
population. 

V. MA fERIAlbS AND METHODS: 

V.1. Experiments~ Deslqn and Geru~rar PrQcedures.: 

Compounds that are found to be 10 times more potent agalhst P. fatciparum gametocytes than 
mammalian cells in vitro will be selected for further in vivo testing using the rodent malaria P. 
bergheilmouse modeL Both commercially available and newly synthesized compounds may be 
UJsed during the course of this work. In accord with IACUC Policy 27. if available 
pharmaceutical grade compounds will be purchased. If pharmaceutical grade is not avalfal:Jle, 
compounds approved for cell culture use will be obtained. For the remaining compounds the 
purest preparation available will be used and each lot will be tested in vitro for cytotoxicity 
against mammalian cells prior to use in animals. A dose escalahon1 model will be used to 
evaluate in vivo safety (Experiment 1, V.1. 1) and compound concentrations found to be safe 
will be tested for the ability to block parasite transmission via a mosquito (Experiment 2. V1 .2). 
To better define the transmission-olock'1hg kinetics and stage spec;lficity of the selected 
compounds, RBCs infected with mature gametoGytes will be harvested and stimulated in vitro 
to fertilize and differentiate over the next 24 hours into ookf netes as they do in the mosquito 
midgut. Selected compounds will be added at specific times during this process and tested for 
an effett 1on ookinete pl'oduction. The results will be used to determine stage sensitivity and the 
time tieeded to block development. The goal of this work is to identify safe compounds with 
potent, multi-stage, transmission-blocking activity for fur1her preclinical development as a novel 
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anti-malarial. 

V.1.1. Ex1periment 1: 
V.1 .1.1) Safety te-sting: Com1Po'l.lnds found to have potent gametocytocidal activity in vitro. will 
first be screened for cytotoxicity in the mammalian cell line, such as HepG2 cells. The 
compound concentrations needed to reduce viability of HepG2 cells and gametocytes will be 
compared Those compounds with 10 times more activity against gametocytes will be 
candidates for in vivo strudies in mice If the compound has not been previously tested in mice, 
the initial safety studies described here will be completed prior to (Exp 2) transmission-blocking 
efficacy testing using the rodent malaria , P. berghei in mice (CO-1 outbred mice, l!b}(4> I 

For the safety studies a dose escalation model will be followed starting with a dose of 1 
mgtkg administered b · intravenous (IV or \ntraperitoneal (IP) injection (50-200 µI) to two 
outb.red CDi mice b ) ( 16). Fot the hext 4 days the mice will be 
monitored daily for signs of distress, 1including, decreased/impaired motility, huilched posture, 
ruff1led fur, difficulty breathing, diarrhea, and skin lesions and will be euthanized if they appear 
unhealthy. The compound formulations will vary depending on the solubility of the compounds 
and could include a range of carriers. Carrier selection will be based on the properties of the 
compound and preViious lilerature and could include, up to 2% methyl cellulose, 50% 
Polyethylene glycol (PEG), 25% n-Methylpyrrolidone. 5% Dimethyl sulfoxide (OMSO), 7.5% 
et·hanol ror 18% PEG-40 Hydrogenaled Castor Oil (cremophor RH40 or kolliphcr RH40) All 
these carriers have beein used previously in animals (http://www.pharma
ingredients.basf.com/Solulbllizer /Kolliphor~range/Kalllphor~RH40.aspl<), 
http:lfwww. bu.e<!lutorccommitleesliacuc1polieie!i-and-9uidelinestadrrunistratio11-of~drugs~and
experomental-compound.s-in-mice-and-ratsl). 

llf there are no adverse reactions two days after the injection another two mice will be 
treated with 2 mglkg. In the absence ·of adverse reactions from the higher dose. the experiment 
will be repealed using doses of 4 mg/kg and then 8 mg/kg. If there continues to be no adverse 
effects, the compound will then be tested for transmission·blocking efficacy at 4 and 8 mgikg as 
descr'abed lbelow in Exp 2. If tihe compound completely blocks transmission, higher doses will 
not be itested. If the compound does not block transmission at these doses additional safety 
testing will be done at 116 mg/kg. llf there continues to be no adverse effects. the dose will be 
increased 1in ,2 fold increments until a maxlmum dose of 128 mg/kg This upper level was 
selected. because this is a drug development project and it is unlikely that a compound that 
requires a 128 rmg/Jcg dose for activity wi'U be advanced without additional modification. 

Compounds that are found to be safe and effective by IV/IP administration will then be 
tested for safety and e,fficacy when administered by gastric gavage first at 50 mg/kg then lf safe 
the dose Will be increased 2 fold to a maximum of 400 mg/kg. 

V.1. 1.2) Overr the course of the 3 year pro1ect we anticipate testing up to 100 compounds for 
safety. At a maximum the carrier control and 8 different doses of compound will be tested by IV 
or IP injection and 4 doses by gavage in two mice 100 x (1+8+4) x 2 =2,600 

V.1.'2. Experiment2: 

V.1.2.1) Transmission-blocking Efficacy Testing: To extend the study to the evaluation of 
efficacy again.st gametocytes. 2 mice will be restrained by hand and inoculated IP with P. 
ber;ghei and :then returned to the cage. They will be monitored for parasitemia by Giemsa
stained smear of a drop of blood from a tail nick every other day until parasites are observed. To 
obtain blood for the smear. the mice will be restrained briefly for a tail nick to collect a drop of 
blood on a microscope slide. Once parasites are observed the mice will be observed daily to 
mo.nitor well-being and assess par.asitemia. When the parasitemia is >5%, the mouse will be 

llSUHS form 3206 - Rev1seG OCtcber 2001! 
Previous versions ere obsolete 

7 



anesthetized with inhaled isoflurane and the blood will be collected by cardiac puncture and 
transfeirred lo 2 mice that will be restrained by hand and the parasi1es will be transferred by IP 
injection. The donor mouse will be euthani2ed after the cardiac puncture by an overdose of 
1soflurane and exsangu1nat1on. The gametocytem1a of the newly infected mice will be followed 
daily by Giemsa-stained smear until it is >1% and then some of the blood from the tail nicl< will 
be diluted into st,erile phosphate buffered saline (PBS) with heparin to test the ability of male 
gametocytes to extlagellate when cooled to room temperature (n). Ex'flagellation. the 
production and f'lelease ·of motile flagella that can fertilize female gametes can be observed 
under the microscope at ,4oox magnification and is used as a marker of gametocyte sexual 
maturity. Onoe exflagellatlon is 1observed in the blood sample the highest well-tolerated dose of 
compound from Exp. 1 or carrier alone will be administered by IV.IP or gavage to the mice. One 
to two hours after drug administration the mice will be anesthetized with an IP Injection of 3 
mglkg acepromazine ma·1eate and 60 mg/1k9 ketamine and laid on the top of a sealed container 
containing Anopheles stephensi mosquitoes provided by the Entomology Section of 
Preventative Medicine and Biostatistics Department. After the blood meal the mouse will be 
returned to the 1cage to recuperate so that the course of parasitemia can continue to be followed 
to mon1it,or parasitemia after drug treatment or the mouse will euthanized while still anesthetized 
by cervical dislocation. The blood fed mosquitoes will be maintained to assess parasite 
transmission. Transmission can be evaluated by harvesting mosquitoes on days 7-12 post 
blood mea'I to count the number of Plasmodium oocysts that have developed in the midgut. 
Alternatively, to determine if the mosquito can transmit malaria to a na·ive mouse. 2h2 days 
after the initial blood feed. a naive mouse will be anesthetized and placed on top of the sealed 
cage containi1119 !he P. bergllei-mfected blood fed mosquitoes. After the P. berghei-exposed 
mosquitoes have taken a blood meal the mouse will be allowed to recuperate and after 5 days 
the parasitemia will be followed by a tail lbleed as described above to evaluate whether they 
were 1i111fected. 

V.1.2.2) ~fall !hundred compounds are found to be safe they will be tested for transmission 
blocking activity 'in triplicate iin up to 6 drug concentrations by IV or IP and 4 drug concentrations 
by oral gavage. The concentrations will be selected based on the safety profile of the 
compound. Initially, >a single mouse will be tested for each treatment, 1) a selected safe high 
dose, 2) half the high dose and a carrier control. One donor mouse will be needed to provide 
parasites 2 e)(penmental mous·e. 100 compounds x 15 (3 mice (2 concentrations and carrier*) x 
5 (for a total of 16 IV/IP concentrations and 4 oral ga11age concentrations)] x 3 (triplicates)!= 
4500 1e.xperimei'ltal and 450012 =2250 donor mice = 6750 mice total. 

·only 4 'Or fewer mice c-an be tested at once due the time needed for setting up the mosquito 
feed. Slnoe this is an initial "dose finding" scf'leen only 2 concentrations and a carrier control wUI 
be tested at a time to inform the selection of additional doses for further experiments. This 
strategy wlll be explained in more detail in the Refine and Reduce Section. 

V.1.3. Experiment 3: 

V .1 . 3.1) Define the stage specificity and timing of compound inhibition from intraerythrocytic 
development to oocyst formation. P berghei gametocytes can be harvested from the mouse. 
stimulated to fertilize and over the next 24 hours develop into motile ookinetes in vitro 
(Rodriguez et aL E><.p Parasitol 2002 May;101(1):73-6 In vitro development allows djrect 
evaluation of the effects of the compound throughout this period. Understanding the kinetiics of 
compo'Ulnd activity and determining the parasites stages that are susceptible will facilitate in the 
design of effective dos1ing strategies. For these e)(periments, the production of sexual stage 
parasite will be augmented by pre-treat'1ng the mouse with one IP injection of phenylhydrazine 
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(1.2 mg in PBS) 3 days before the inoculation of 108 P. berghei-infected RBCs from a donor 
mouse as described above. Three days after the IP injection of parasitized RBC the mice will 
be m:~ated wi,th pyrimethamine to eliminate any rema1n1ng asexual parasites. One to two days 
after the pyrimethamine treatment the mouse will be anesthetized with isoflurane and the se)(ual 
stage parasites will be harvested by heart puncture. After the cardiac puncture the donor mouse 
wi'll be reuthanized by an overdose of isoflurane and exsanguination. The halilested blood will be 
centrifuged and the cell pellet will be incubated at 18°C in ookinete medium (RPMI media (KO 
Biomedical)+ 10% Fetal bovine serum (FBS) pH 8.0) for 15 minutes and exflagellation centers 
will be quantified at 40.0x magnification. After 1 hour. parasites can be further analyzed for 
fertilization and zygote formation by measuring DNA content [37] using DNA dye SYTO 59 {Life 
technologies) :arnd flow cytometry Ookinetes can be observed up to 2.4 hours post culture and 
quantified by Gaemsa stained s1mear. To evaluate the time course and the drug sensitivity of 
parasnes after exflagellation. compound will be administered to the mice by gavage i·f that is 
effective or by IV or IP 0-2 h prior to the cardiac puncture or the compound will be added directly 
to the in vitro culture at 20 min, 2 hr, 6 hr and 12 hr after fertilization. If there are differences 
between stages, additional time points and exposure times could be investigated. The in vitro 
results wiJI be compared to the effect of 1.5 hr in vivo compound treatment. Together. the data 
from th1s aim will allow ws to determine the t1m1ng and stage specificity of the selected 
compounds gametocytocidal activity in P. berghei, in vivo and in vitro. Having a more refined 
time line for the selected compound's activity in the midgut will identify which stages are 
susceptible and facilitate the modeling of the effects of compound administration and 
tharac~erizat~on ·of the target molecule. 

V, 1.3.2) It ~s anticipated thal the stage specificity and kinetics of 30 compounds will be analyzed 
at a ma)(imum of 5 different time points in replicate over the course of the 3 year project. !=or 
each compound a carnier contro'I will be needed and for each phenylhydrazine treated mouse a 
donor moose is need to provide the initial parasite inoculum. (30 compounds + 30 earner 
controls)=60 x 5 time points x 3 (triplicate) = 900 experimental and 900 donor mice= 1,800 mice 
total 

V .2. Data Arnalysis: 

Exp 1: Safety will be assessed qualitatively by screening daily for signs of distress, includlng . 
decreased/impaired motility, hunched posture, ruffled fur, difficulty breathing. diarrhea, and skin 
lesions. If any 2 or these are observed the mouse will be euthanized immediately and no higher 
doses of compound win be administered. This is a conservative endpoint. It is designed to 
minimize the exposure of mice to untes1ed compound, not for a statistical analysis 

Exp 2: Transmission-blocking adiVity will be defined as a significant difference in oocyst 
numbers per mosquit10 midguts using a Mann-Whitney U Test. The, mosquito feed is an 
established assay for transmissi1on~blocking activity and it has been found that the numbers of 
oocysts in at least 20 mosquitoes need to be counted to have high confidence about the 
infectivity of a single rnouse. We will then repeat the assay 3 more times to confirm that the 
effect is due to the treatment. If there is no significant difference between the treated and 
untreated groups in three mice at the maximum safe dose we will conclude that the compound 
was not effectiive. 

i=xp ~: The production of ookinetes will be counted and used to assess the l<lnetics and stage 
specificity usiing .an ANOVA and Bonferroni posttest. The experiment will be repeated 3 times to 
confirm the results. Enough gametocy'tes .are needed to generate > 30 ookinetes in the control 
group t10 have a statistical significance 
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V.3. L.alboratorv Animals Required and Justification: 

V.3.1. Non.anima.I Alternatives Consfdered: All the compounds will first be tested 1n in 
vitro against parasites and tthe mammalian t eli line, HepG2 and found to have a 10 fold higher 
potency against parasites than mammalian cells. T11ese initial tests will screen out c::ytotoxic 
compounds. however in vivo testing is still required to evaluate compound safety and efficacy in 
a complex living system that contains many cell types that interact with each other and the 
com.pound. This complexity cannot yet be reproduced in vitro and requires testing in an intact 
animal. 

v.~t'2. Arnimal Model and Species Justification: 
The Plflsmodium bergheilmouse model is well established for teshng malaria transmission. It 
has t>eern used for successfully for years to evaluate anti-malaria drugs and vaccine strategies 
and found to priedict compounds that will also work against human malarias (Ramkaran AE. 
(1969) Trans R Soc irop Med Hyg 63(1 ):8.The sensitivity of P. berghei in A. stephensi to 
chemotherapy) and is still the gold standard used today (Baragana et al. (2015) Nature. 
522:315~20) . 

V.3.3. Laboratory Animal~ 

V .3.·3.1. Ge lit us & Species: 
Species #1 

Mus musculus 

v .3.3.2. Strain/S~ock: CD- '1 

V 3 3 3 S N .a rbJ(4l ' . • • . j)_ULCJL_~o~o~r= ..._ _____ ___. 

V.3.3.4. Alge: 5-10 weeks 

V.3.3.5. Weight: 20-35 gm 

V.3.3.6. Sex: Female so that they 
can be housed together 

V.3.3.7. Special Considerations: NA 

V .3.4. Numlber of Animals Required (by Spec ies): 

Miioe 8450 over 3 years 

V .3.5. Refrnement. Red_uctiond R~placement (3 Rs)! 

Sp_eei_es #2 

V.3.5.1. Refinement: The m ice will be group housed with environmental enrichment and 
anesthesia will be used prior to potentially painful or distressful proc;edures, including the IV 
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injection. cardiac puncture and Mice will also be moni1ttired closely once they are inoculated with 
compound or parasites afld euthanized if found to exhibit at least 2 of the foilowing signs of 
distress .. decreased/impaired motility. hunched posture, ruffled fur, difficulty breathing, diarrhea, 
and ~kin lesions. 

V .3,'5.2. Reduction: 

To minimize the number of compounds that will be tested. initially the compounds pre-sc!'eened 
in vitro for a 1 O fold great effect on parasites than mammalian cells. Any compounds that have 
already been tested for safety in mice will be tested for transmission acfr"ity at safe 
concentrations. Only If the compound does not block transmission and tnere is no: plt.lbllshed 
data indicating that higher doses are toxic, will additional higher doses be tested for safety, 
Additionally, to further 1reduee the number of mice used only a maximum or 4 compound doses 
(1 " 21 4, & 8 mg/kg) will be tested for safety before efficacy is tested. These are drug levels that 
have been found to effectively block transmission with other compounds arid it is likely that the 
safety of hlgher doses will not have to be tested. Only if the compound is not effective. will 
higher ~VllP doses up to 128 mg/kg will be te:sted for safety. 128 mg/kg chosern as the maximal 
level, since if the compound is not effective at that IV/IP dose it is unlikely to be advanced a1s, an 
ant'imalarial. 

V .3.5.'.3. RJtglacement: All the compounds will be tested for safety and efficacy in v11ro first 
anid only icompounds that are 10 times more effective against parasites than mammalian ceU:s, 
wilil be advanced for in vivo safety testing. 

V .4. Teclhr:tleal Method$: 

V .4.'1. Pa1n I Di'5tress Ass~sment: 

V.4.'1.1. AIPHllS F·o:rm 7023 lnform~ation : 

V.4.1.1.1. Number of Animals: 

V.4.'1.1.1.1. Column C: 

V.4.'1.1.1.2. Column 0 ; 

V.4;1.1.1.3. Column E: 

V .4.1.2. Pain Relief I Prevention; 

Species #1 
CQ..1 
2200" 

8950* 

V .4.1 .2, 1. Anesthesia/AnatgesiaJT rangu ilization: 

S1ubstance/Agent DE 
A 

Amount Given 

Species 
#2 

Delivery 
Route 

1 isoflurane No 3-5% inhalation 
.__2....L.-A_c_e..._pro_m~a~~~·n_e~m----:.a~le~a~te'--~'--N~o--'-~3~m~1~~-/k_;_;,(c..__~~~~~~~~-'-~IP~~~~-' 
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I 3 I ketan:iine I Yes I so mg/~g J IP 

De:sGription and Adverse !Effetits 

Kefamlne and Acepromazine m~leate are used to.gether as ·a pha'rmaeologlcal restraint during 
the 20 min mosquito feed. They ate 1mixed prior to admini$tratlon lby a single IP ifliection The 
correct dose per animal size is needed to avoid an overidose, The loss of 1eye tHnk ot 1reflex 
movement just as a pinch between the toes win be used to confirm anesthesia For isoflurane 
breathing tate w,illl a1so be iused to determine anesthesiia level 

lsoflt.mane 1ls 1usea ias a snort actlng pharmacolo.glcal restraint during the lV injection and the 
cardiac puncture. It is administered by lnha'fation in a fume hoed for the safety of the 
experimenter. A ismail piece of g1auze s1oaKed in isofli.rrane is pl·~Ced ·at the !Jase of a 50 ml 
conieal tube and then a paece of filter paper or ·sinteried glass filt·er will be inserted to prevent the 
mouse frgm coming Into contact with liq1iid isoflurane. The tube will be held over the mouse's 
nose. The [loss of eye clink or reflex movement ~ust as a pinch between the toes will be used to 
confirm anelsthesia ·and breathing rate wi:ll be used to determine anesthesia leveil. Aftet cardiac 
puncture the rnouse will be 1euthanized. while after the IV injection the 1rnoiuse will lbe ilsoi:ned 
f~om 1othe:r mice until it regains conseiot..isness, 

V.4.1.2.12. Pre- and Post-nroc~du1ra1 (inol sutg~oo Provisions: iN/iA 

V .4.1.2.3. _Patalytics: None 

V,.4.1.3.2 •. Date of Saarch: Nov 10, 2015 

V.4.1.3.3. Perriod Qf S'aarch: 1947~present 

V.4.1.3.4. K'ey Wsoras of S~arefl: 
Altweb: Berghei, Transmi!Ssio:n-lblotlking, drug deve'lopment 
Put)tnea: "Berghei AND Trarnsrrfrssio1n4lblock~ng" 

V.4.1.3.15.,Results of S·eareh~ 
Altweb; 0 ll'esult$ weire found tor betghei as well as ttansmassion~blotking. An article 
was found for drug development that concluded that follJowin,g in vitro cytotoxlcity 
assays, anrrmal testing was :st111 ineeded assess the effect 1of potential drug carndiaates ~n 
in~act organisms ,Rovida., et al. Altex 32(3), 201:5 

Pubmed: "Berghei ANO Transmission-blocking" had 99 articles, including 11 in the r>ast 
year that used the in .vivo P. bergheilmouse model to assess maiaria trarnsmission. 

V.4 .. 1.4. Unall.eviated Painfu~ 1or Distressful Procedure Justification 
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The long term goal 1of this work is to Identify 1a compound that can be devel(;)ped as -an anti
malaria drug ~hat could be used in numans to eliminate 1malariia. whicfl currently is responsible 
for >.200 million clinical oases and > half a m'illion deaths/ annually. We are using the well
estatlfrshed rodeil'iit 11leile!ria, IP. berghel/mouse mo<3el to evaluate OO'th safety and effil:aoy ars a 
first s'.tep to C!e~etmine Which compounds 1slh0uld be atlvanced for fl!Jf'tner development of a 1gr1Ug 
that could be used in humans. No alternative in v,itro models have yet be·en developed that 
predict the complex interactions of Ghemlcal compounds ln the context of arn intad organism. 

Selettea compounds that in v1itro are 10 time more acti\ie agairnst malaria parasites Will be 
tested 'for safety in healthy mace using the dose e.scalation protocol described in exp 1. The 
mice cannot be afies~hesized durihg this lest, because We need to lknt>w the maximum :safe 
dose tor tl'le efficacy expenlments {Exp 2) and tlhe presence ot absenc~ of physical sig1ns of 
distr,ess arre hew we are dete,rmlnlng safety. Once 2 signs of distress are obse1rved {he an]rnal 
will tJe euthani'Ze'd and no higher doses win be tested. 

All the mice that are infeoted with P. berghei lncliuding tine donors wili ,allso be in category 
E. The ~arasites 1required for the experiments 1p:roposed in Exp 2 ·and 3 need to be gerneraied ln 
t1M mice becaus·e E:x1p 2 is evaluating in vivo efficacy and tor fE)(p 3 there is no other in Vit1ro 
assay 1to produce ookinetes. After the initial parasite lnocu~atlon it ican take a week or longer for 
the parasitema to reach a high enough level (::..10 % parasitemia) for in vivo testing or 
gametocyte lsolatlicm. Generally physlcal symptom1s are not oMerved until the parastema is 
<>30%. but the course of the infection eanrnot be precisely predicted. It is not posslble to keep 
tl'le m6use anesthetozed during the entirre infection therefore. although we monitor the mice 
daily, we cannot 91Jarantee that the mice wlll not experience distress and they have oeen 
incll.!lded in category E. 

"'I .4.2. Prolonged R~straint: NA 

V.4.3. S_urg~tY: NA 

V.4.3.'1. F>re .. surrgfcal Provisions~ NA 

v .4.3.2. et_o_c&tiu~: NA 

V.4.3.·3. Post~s1urgi:cal Provish::H1s: NA 

V.4.J ,,4, Locaticm: NA 

V.4.3.5. Suf'geo.m NA 

V.4.3.6. Multlple M:ai·or Survival 10peratlve Procedures; NA 

V.4.3.6.1. Proced!.!rre~: NA 

V .4.3.6.2. Sc~entific Jrustification: NA 

V .4.4. Anhif~al Manipulation$~ 

V.4.4.1. JnjectibnS: 
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-IV injection:t1he rm:iuse will be pharmaGologica'llY restrained using isoflurane, arid no mor;e than 
200 ul ~luid wHl be injected into the retro orbital venous sinus using a :::27.5 gauge needle or tail 
vein U$ing a :;25 gttuge needle. 

-~P injection: the mouse will be restrained by hand afld les·s than 410 ul of liquid will be 
lntroCfUGed into 1he peritoneum 11ia a 23 gaU\;je syringe needle. A 23 gallge naedle is used to 
decreas~ shear stf;e·ss to the P. berghei infected RE!Cs. Enough shear stress can be generated 
during rapid flow through 1a ZS gauge ne:ee:He to ly·se infected and uninfected RB·Cs. 

V.4.4.;2. EUosamplres: 

Samples that will be colle1cted from the mice 

s eel es Fluid A1mount Postmortem 
Mus blood 20 microlite:rs 
musculus 

No I 
Mus blood 200 microl'iters once mosquito bite No 
musculus 
Mus blood 1 milliliter o:nce heart No 
musculus uncture 

The mke will also be infected with P. berghei parasites, whkh roan lbe lethal if unitreated, 
the1refore a'tter infectiorn tne mice will be monitored Claily for signs of lethairgy or distress anti will 
be eutha1niz:ed if they appea'f' unn~altny .. 

In addition to the test compounds the tollowing substances may administered to the mice duning 
the course of the study. 

Die 
Delivery 

Substanee1Agen~ 
A 

Amount 1Gi11en Route 

1 J)hen)'.lhvdrazine NO '200 ol of 6 ma/ml PBS IP 
2 ovrimethamine No 200 ul 1 rn_g/ml PBS·2% Tween20 IP IV or PO 
3 RPMI No 400 \JI IP IV or PO 
4 methY.lcellulose No ·200 .ul of a .2% solution IP IV or PO 
5 Polvethvlene alvcol (PEG) No '200 ul of a 40% solution IP IV or PO 
6 n·Methy1lpyrrollidone No 200 ul of a 2S% solution IP IV or PO 

7 OMSO Dime~hvl sulfox~de No 200 ul of a 5°/o solution IP IV or PO 
8 kolli;phor RH40 /:cremophor No 200 ul of a 18% solution IP rv or PO 

RH40 
9 Efthanol No '2'00llll of a 7.'5°/.o solution IP IV or PO 

1) Phenylhydrazirne 1il'lduce:s the parasites to 1ufldergo sexual diffierentiatitm. The 
pheny~hydrazine protocol is routinely used to enhance the production of sexual-stage P. 
berghei parasites (Rodriquez et al (2002) E)(p Parasitol 101 :73-76. 
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2) Pyrimethamine kills asexual parasites and the Tween20 is a nontoxic detergent that helps 
dissolve the pyrimethamine. Pyrimethamine is actually used therapeutically in human to 
treat human malaria. 

3) RPMI is a type of tissue culture media that can be used in place of PBS to resuspend the 
parasites to provide more nutrient rich environment which enhances viability. RPMI is 
used to grow eukaryotic cells in vitro and will have no adverse efect on the mice. 

4} Methylcellulose is a nontoxic compounds that is used as a thickener and emulsifier in food. It 
decreases clearance of the compaund. Methyl cellulose is not toxic and even approved for 
use in food. 

5} Polyethylene glycol (PEG) is used to enhance the solubility of hydrophobic compounds in 
aqueous solutions. 

6) n-Methylpyrrolidone, like DMSO, it contains Mth polar and nonpolar regions allowing it to 
dissolve in water and oil and therefore is used to enhance the solubility of hydrophobic 
compounds in aqueous solutions. 

7) DMSO Dimethyl sulfoxide. Contains both polar and nonpolar regions allowing it to dissolve 
in water and oil and therefore is used to enhance the solubility of hydrophobic 
compounds in aqueous solutions. 

8) kolliphor RH40 or cremophor RH40 (PEG-40 Hydrogenated Castor Oil} is used to enhance 
the solubility of hydrophobic compounds in aqueous solutions. It is approved for use in 
human drug formulations. 

9) Ethanol is used to enhance the solubility of hydrophobic compounds in aqueous solutions. 

V.4.4.4. Monoclonal Antibody fMAbs} Production: NA 

\1.4.4.5. An ima I Identification: 

-Ear tag: the mouse will be restrained by hand and a small hole will be made in its ear with an 
ear punch to identify the mouse. There is usually little or no bleeding. 

V.4.4.6. Behavioral Studies: NA 

V .4.4. 7. Other Procedures: 

• PO administration by oral gavage: the mouse will be restrained by hand and a bulb tipped 18 
and 20 gauge gastric gavage needle will be used to deliver defined amounts of compound 
directly into the stomach of mice~ 25 gms and 20-25 gms. respectively. 

-Tail bleed: the mouse will be restrained by hand and a small nick will be made at the tip of the 
tail. A drop of blood will be collected on a microscope slide, then the nick will be allowed to clot. 

-Monitoring for Distress Following the administration of a compound or the appearance of 
circulating P. berghei parasites. mice will be evaluated daily tor distress. Since the compounds 
we are using have not been administered to mice before the possible symptoms are not known 
and will require a general screen for decreased or impaired motility, hunched posture. ruffled 
fur, difficulty breathing, diarrhea, and skin lesions. If any 2 of these are observed the mouse will 
be euthanizect In the case of P. berghei, the parasitemia usually increases to-10% over the 
first 5-7 days with few associated symptoms. Depending on the age and genetic background of 
mouse the parasitemia can plateau at -30% with few symptoms for another week before the 
parasites are cleared or the mouse can become anemic. Alternatively, some mice at -30% 
parasitemia develop symptoms of cerebral malaria and can die if not treated. The physical 

USUHS Form 3206 - Revised October 2008 
Prev1ou$ versions are obsolete 

15 



marnifestations of ·cerebral malaria are quite obvious and include difficulty moving (ataxia or 
paralysis), hunched posture, hyperventilation and convulsions. If a mouse exhibits any two of 
these after P. berghei infection or j1ust one of these signs in combination with a parasitemia of 
>15% the mouse will be reuthanized. 
·Mosquito feed; The mouse will be anesthetized with ketamine and acepromazine and laid on 
the top of a sealed cage containing no more than 90 mosquitoes for 20 min. After the blood 
me'al the mouse will be euthanized by exsanguination under anesthe·sia or in some cases 
returned to 1he cage to recuperate and the mosquitoe,s will be maintained for 21 days, At that 
time a rna'ive mouse will be anesthetized and placed on top of a sealed cage containing the 
mosquitoes that haa [previously taken a blood meal from a P. berghei Infected mouse. After the 
Plasmodh.im~e:xposed mos~uitoes lhave ital<en a blood meal the mouse is allowed to recuperate 
and after 5 days the parasiltemia will be followed by tail bleed as described above to evaluate 
whether they were infected. 

-Exsanguinat:ion by c~rdiac !Puncture. The mouse will be anesthetized with lsoflurane and a 25 
gauge needle will be used fo withdraw blood from the heart 

V.4.4.8. 1issue Sharing: A portion of the tissue obtained in the course of the study may be 
provided to oolla:borators to assess compound le'V'els for pMrmacol<inetic evaluation to 
deterrmine drug absorption. bioavailabllity, distribution and metabo'lism. 

V.4.5. Stu..d,Y Endpoint: 

Exp 1: Mice. will be monitored daily for signs of distress for 4 days after compound 
adm1inis'tratlon. If no distress is observed they could be transferred to another protocol or 
eufhanized by C02 natcosis or anestnetized and ex-sanguinated by cardiac; puhcture. If 2 signs 
10f distress are observed Including, decreased/impaired motility, hunched posture. ruffled fur, 
difficulty breathing, diarrhea, and skin lesions and will be euthanized by C02 narcosis or 
anesthetized aM exsanguinated b,Y cardiao puncture. 

Exp 2: P. bargtiai donor mice will be anesthetized and exsangulnated by cardiac puncture to 
harvest P. beghei infected IRBGs for transfeir to another mouse. 
After exrposure of P. beghei infect0ed experirnenta'I mice to 1mosquitoes for 20 minutes they will 
either be euttiani'Zed by exsanguination under anesthesia immediately or allowed to revive and 
1continue to be monitored for a week. At this time they could be transferred to another protocol or 
euthanized by exsanguination under anesthesia or C02 narcosijs. 

Exp 3: P. berg11ei donor ana experimental mice will be anesthetized and exsanguinated by 
or;ardiac ptJJncture to harvest P. beghei infected RBOs for transfer to another mouse or to test in 
vitro ookinetes development. 

If any time a mouse 1s observed to have 2 signs of distress including, decreased/impaired 
motillity, hunched posture, ruffled fur, difficulty breathing, diarrhea. and skin lesions and will be 
euthanizeet by C02 narcosis or anestlhetized and exsanguinated by cardiac puncture, 

V.4.6. Euthanasia: 

The mice will be el!lthanized after being anesthetized and exsanguinated by cardiac puncture to 
har1est bl·ood. This procedure will be done in a fume hood to protect personnel from inhaling 
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the anesthetic. 'Once the mouse has lost con~ciousness and refle-x movement, a 25 gauge 
syringe needle will be inserted intti the heart and the blood will be withdrawn into a 1 ml syringe. 

Following the procedure the lack vital signs (breathing and f)eartt>eat) will be observed for 5 
minutes to 'Confirm death will be done. The mouse carcasses will be disposed of by incineration. 

If a blood ,samp'!e is not needed a mouse could also be euthani~ed by C02 narcosis followed by 
cervical dis'location or bilateral thoracotomy. 

V.5. Veterimny Carre: 

V.5.1. H_usbandrv Considerations: Except as noted below, routine animal husbandry 
will b'e provided in accordam;;e with LAM HusDandry SOPs for each species in this 
pnltocol. 

·v.s.1.1. 'Study Ro_c.ttn: 
Building(s)._li6_><

5_I _____ ...... Room Number(s)T ... B.,,.;D~-----

V.5.1.2. :Sgecial H1usbandrv Ptrovision~: N/A 

Fooa Restrict~on: Yes No x 

Fluid Restriction: Yes No x 
V .5. 1 .3. .Excepdo~s~ NIA 

V.5.2, Veterinary N'ledi~al Care: 

V.5.2.1. ~u_tine Vete_d 1nacy_Me_di~al kare: Animals will be observed and cared for 
by f he Cen~er for LAM personnel according to LAM SOPs. 

V.5.2.2. IEm_etg.eJl.c.YXe_t~J'lrtarv Medical :Care; All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
techniciarns, and an orn··call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Env:iro_n:mental Enrichment: 

V.5.3.'1. En:richrmer:it Strategy: Except as Indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs ahd ~ACUC Policies, Examples include nestlets and tunnels for rodents. 

V.S.3.,2. Enrichment Restrictions1 : NIA 

VI. S'TUIOY PERS!1N_~UAUFICATIC1NS_AND TRAINtN.G: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 
Pirotocol activity or Qualifications of person Specific training in this 

rocedure e.~ . tail vein erformin actlvit ·e. .. activit or rocedure 
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injections. euthanasia) research technician. 2 (e.g., rMent Handling 
vrs eJtperlence) class 1999l 

( narn011n9 or care of 0)(6) Pl, :..20 years of Clti and USUHS 
a n11mals, eutheniti n9 experience work with training courses 
an\mals, or noti~urgical mice and Plasmodium pr'Ocetlures (e.g., 
ad mi n1stration of drugs or parasites 
other cl<:Petimental 
oroceduresl. 

( h11ndltn9 or care of Post-doc, ~ 4 years Citi and USUt'1S 
anunals, w thanl?lng experience working training courses 
a111mals, or non,surg1t:al with the P. procedmes { e .9 .• 
admlriistr&t'1on of drugs or berghei/mouse model 
other e)(perimental of malaria 
proeed u res) .} 

(handling or care of Post-doc. > 4 years' Citi ana USUHS 
a11irnals, c-uttlanl~ing experience working training courses 
animals, or nan-stJrg1c:-al 

with parasite infected procedures (e.g., 
administration of drugs or mice. 
olhet ex1perltnental 

_i;irocedures) .) 

VII.. BIOHAZARDS/SAFETY: 

P. berghei ls not infectious to hurmans and there is no mouse to mouse transmission. 

Good laboratory pr.actices will be followed. A lab coat and gloves will be worn when working with 
the compounds, the mice and in the LAM facility, Face masK are not re~wired but will be 
priovided if requested by a :staff member. 

lsoflurane will be used in a fume hood and all needles will be disposed of in sharps containers, 

vm. ENC_LOSlllRES; 
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As the Pirineipal Investigator on tnis protocol, I acknowledge my responslbilitles and 
provide asstlta~ces for 'the following: 

A. Arnimaf U:se: Tlhe animals authorized for use in this protocol Will be used only in 
the actMtie~ an'ct in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

8. Duplitation Of Effort: 'I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous e)(periments. 

c .. Statistical Assurance: I assure that I have consulted with an individual who is 
~ualified to evaluate the s~atistical design or strategy of this proposal, and that the 
11minimum number of a'nlma~s needed for scientific validity are tJsed: 

o. 9eohazard\Safety: I have taken into consideration and made tne proper 
coorra,ination fiegardlng all applicable rules and regulations concerning radiation 
protection, biosafety, tecomoinant Issues, and so forth, In the preparation of this 
protocol. 

E. Training·: I verify that the personnel performing the animal procedures I 
manipulations l observations de:scr1ioed ln this protocol are technically competent and 
have been properly trairned to ensure that no unnecessary pain or distress will be 
caused to the anamals as a result of the prooedures I mani~ulations. 

F. Training: ~ veri1fy that I liave attended the USUHS Investigator/Animal User 
Training Course, 

Princlpal ln11estlgator Signature 
;z./s /1.5 
oatl I 

A.a t>1' a lfL: "dee:? 
G. Training: The iollowing personnel wilb-atterid the next USUHS 

~nvest1gatur/An lmal User Training Course: 
r KOJ ""r""')(e.,...) ........ ---~ ................ ........, 

H. Responsibility: I acknowledge the inherent moral, ethical and admfnistrative 
obiigations as:sociated with the performance of this animal use protocol, and I assure 
that all individuals ais~oeiated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the 1research animals. Additionally, I pledge to 
conduct this s'tudy in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

r (B} 
Principe! Investigator Signature 
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I. Painful Procadure(s): 

I am conducting biomedical e~-periments which may potentially cause more than 
momentary or slight pain or distress to animals. This ptJtential pain and/or distress 
Wl'bl .. NOT be ire11eved with the ruse of anesthetics, analgesics -aind/or tranquilizers, I 
have considered alternatives to such procedures: however, using the methods and 
sources described in the protoeo~. I have determined that alternative procedures are not 
avallable to accomplish the objeciives of this proposed experim~nt. 

'
(:)(;) I 
. . /2 & · / s 

! rnelpa( Investigator ~1gnatuwe Date 
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X. eR_OI__O_C_O_L_AB_._S_t_BA_C_T;, 
A. At1httaLl!ttttr.u:_oJJ~umller: 

8. AnimaJ PrQtOGol T_itJ~:l'b)(a) 11s><a1 1 ......._ ___________________ __. 

c. Princ;i·eai 1nvtistigator:'-j<b_>t5 ... >iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii___. 

D. Perrorroiing Omaniz.ation:Uniformed Services University of the Health Sciences 

E • . Fund1lnal._cb_H4
_> __ _. 

F. ;P'biective anrl Amuaach~ Malaria is a tropical parasitological disease that remains a 
global health prolblem. eiausing more than half a million deaths and 250 ffiillion cases annually. 
E:xpanded control and treatment programs in the past decade have reduced the lncldence of the 
·disease and lea to the call for efforts to eliminate, possibly even eradicate, malaria, To do this new 
strategies are neeaed that target the sexual stages of the parasites, called gametocytes that are 
responsible for disease transmission. The current recommended chemotherapy for malaria does 
not &ffettively kill mature gametocytes, allowing malaria to be tran~mirted for more tl'ian a week 
after ~he clearance of ase:xual parasites. Pre'Vious drug screens used assays tba_t_o_nf _d~_tee_t_ed___ 
_a_a_~Ku_a~ re -!ic_atLQl'LamLttteLaicite_ciid_tlOt111onl10.uu;!i'illi ainsll .ruru · 1"i< J 

1 > h~ go$1 of 1his research Is three fold 1) to use a rodent m~larla model to analyie the 
in vivo safety of selected compounds with in vitro gametocytocldal activity 2) to use a rodent malaria 
model to analyze the in vivo malaria transmiss1on blocking efficacy of selected compounds with in 
1titro gametocyltoddal activity at doses found safe in mice 3) define the stage specificity and timing 
of compouhd inhioition from intraeryth'roc,ytio development to oocyst formation. Together these 
approaches sh'olJld identify cla-sses of compounds that can be targeted for further drug 
development, as well as advance our 1understanding of gametocyte metabolism and facilitate the 
desi,gn of effective control ·strategies. l he mouse studies described in this work wm be performed in 
full accordaince with the Institutional Animal Care and Use Committee at USUHS. The sequential 
dose escalation ,and low dose efficacy testing are designed to minimize the animal usage. 

G. lhdexing Terms (Oescriptors): animals, mice, malaria, antimalarials, Plasmodium 
berghei, drug development 
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UNIFORMED ScRVICtS UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES SRIOGE ROAD 

DHtfE.SDA MARYLANO 208 14"'4799 

April 2, 20!4 

MEMORANDUM FOR DRJ,_16_><
6
_> ____ _.I DEPARTMENT OF MF.DICAL AND 

CLINICAL PSYCHOLOGY 

SlJBJnCf: JACUC Approval of Protocol - ln.itiaJ Review 

'lbe following application was reviewed and approved by the Uniformed Services 
UAiverisity 1of the Health Sciences (USUHS) Institutional Animal Care and Uso Committee 
(IACUC) vin Designated M~mber R~vicw on April 2. 2014: 

THle of Application: "DehavioraJ Jnve~'tigations of Nicotine and Caffeine in rats (Rauus 
Norvegicus)" 

llfilJliS P1otocol N1.tmhcr; l.._<
6

>_1
6_1 __ ___. 

rxpiration Date_:_ April 1,2017 

S.Y.PpQrtin GrfY!\(s) ~umb¢r: I ... t6_><6_> ___ _. 

Name of PrinciP.ul Investigator: Dr.l ... <
6
_X

6
_> ____ _, 

The USUHS has an Animal Welfare Assurance on fik with the Office for Laboratory 
Animal Wei fore (OLA W), National Institutes of Health (NIH). The Assurance Number is 

fb)(6) I 'lbe IACUC approved the above referenced application as submitted. 

An .anntJal review is required for each of the three years of this protocol. 'I his review 
must be completed by the anniversary date of the protocol. If work is to be continued pust the 
expiration date, a trionninl review must be completed prior to the c>..piration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the IA CUC may send reminders, it is tbe 
investigator's responsibility Lo submit an annual review form (Fonn 3206A) at least 30 days in 
advance, or a new Form 3206 for triennial review at lea.st 60 days in advance of expiration. 

Prior to placing your ·first anima.l order, please contact MAJ (o)(ij) ho schedule 
a pre-protocol planning meetingf6)(6) I This meeting must occur to ensure animal numbers 
are loaded in the CAKI system and l .A}.l resources are available; to meet your needs. 

cc: Office of Research 

r~ I 
lib)(S) I Ph.D. 

Chair, Lnstitutiooal Animal 
Care and Use Committee 
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ILJSUHS F,ORM 3206 
ANIMAL STUOV PROPOSAL 
PROTOCOL COVER SHEEi 

,E!_RD_I_OC~OL_ftVMBER; 

IACUC Date Slamp 

!PROTOCOL TITLE: Behavioral investigations ·Of nicotine and caffeine in rats (Rattus
norvegficus) 

G_RANT TITL! '(if di'ffe_rJtot-1.tom abtt\leh Behavioral effects of stress, nicotine, and 
eaffeane in male and female rats (Rattus norvegicus) 

USU~HS PRQJECT NUMBER:(,_(b)-(e) ___ _ 

fUNDllNG AGENCY: USUHS 

EARLIEST ANTlCll!AJED FUNDING .START O.ATE: 10 January 2014 

;..;PR'-mJ~N~C-IP.AL_J __ N_y__e_s_J_.,_a_A r.,.o.R.-:_...<.,__ ___ _J Ph.D. 
( 

MPS fbl(6) L 
IP Department Off1ce/bab Telepnt>ne 

:?-1(;,j.. '1~ 
Date 

SCJENTIFIC REVIEW: This animal use proposal received appropriate peer scienUfic 
rev~ew and is co_nsistent with g_ood sciel"ltifit re,search praGtice. 

rHm I 
Chair, MPS l(b)(S) I_ 27 (~6 1U{ 

Research Unit Cnlef / 1Dee!,. Head S1gMture Title Telephone Date 
Typed Name: I~ I 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data andfo:r is not excessive, and the statistical design is appropriate for the intent of the 
study. 

rHm I a 

l(b)(B) c2.5~c) MEM -

Department Telephone D:!!te 

ATTEINOING_yf;IERINAIRlAN: In accordance with the Animal Welfare Regulations, 
the .Attending Veterinarian was consulted in the planning of procedures and 
manipulations that rnay cause more than slight or momentary pain or distress, even if 
re~ieved b'y anesthetics or analgesics. 

J b)(6) 
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ANtMAIL PROTOCOL. NUMBER: .... l(6)_(6l ____ _ 

PiRINCIPAL INVESTIGATOR:l ..... (6)-(6l ____ IPh,O. 

ANIMAL !PROTOCOL. TITLE: Beh~viorial investigations of nicotine and caffeine in rats 
(IRattus norvegicus) 

GIRANT TITLE (if different ftotn above): Behavioral effetts of stress, nicotine, and 
Gaffeine in male and female rats (Rattus norvegicus) 

USUHS IPROJECT NUMSERl16)(6) 

JEC:HNICIA1NS,(S}:1 ..... (6-)(6_) --------------' 

I. HfiN~t:E.CHN[CAL SYNOPSIS; 
Stress l;s a pervasive ,exiperlence that affects behaviors, cognitions, and biological 

responses, lnsuffici&nt sleep is a particularly disruptive stressor that is experienced by 
civilians and Warriors. Threat of attack also ls a stressor that is commonly experienced 
by Warriors, Nicotine and caffeine are legal drugs that are used by many civilians and 
service members. These drugs 1are often consumed durihg stressful situations. Each of 
these va1riables (Le., insufficient sleep, threat of attack, nicotine, and caffeine) alone Gan 
have psych·ological effects (on behavior and cognition). It is important to examine if 
nicotine or caffeine use alters psychological eff-ects of stress - either potentiating or 
attenuating effects of stressors. The experiments described in this application use a 
rodent model of Warrior Stress and sleep disruption to aetermine how psyohological 
responses to stress are altere·d by nicotine or caffeine administration in male and female 
rats, The !behaviors assessed include motor responses (to index anxiety, depression, . 
and reaming), sensorimotor (including reflexes and nocieeption}, and cognitive 
responses (includi1ng attention. memory1 learning), Blood samples will be assessed for 
stiress hormones (1corticosterone). It is hypothesized that: the stressors will deleteriously 
affect the mea'sured behaviors; nicotine will attenuate these effects; caffeine will 
potentiate these effects; and females will be more sensitive than males to the effects of 
stire1ss. nicotine, and caffeine. 

II. BACKGROUND: 
11.1. Background: 
Stress is a psychoblological process that can involve physical, psychological (i.e .. 
behavioral, cognitive, motivationaVemotional), social demands, or stressors {negative 
[distress] and positive [eustress]}. Responses to acute stressors usually are adaptive, 
whereas responses to cihronic stress often are disruptive to health (McEwen, 2007). 
Stress is expe:rienced by everyone (civilians and service members) and can affect 
behaviors and cognitions (Baum, Gatchel. & Krantz. 1997), Nicotine (in tobacco 
products and in other delivery systems) and caffeine (in beverages and food stuffs) are 
licit substance:s that are consumed by many people and are commonly consumed while 
under stress (Grunberg, Berger, & Hamilton, 2011). Research has examined effects of 
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stress on drug self-administration (including nicotine and caffeine), but there has been 
little study of whether consumption of each of these drugs potentiates or attenuates 
effects of stress. Because these drugs are legal and use is so prevalent, actions of 
these drugs can be mistakenly underestimated. Whether use of these drugs potentiates 
or attenuates effects of stress is important to determine whether consumption of 
nicotine and caffeine while stressed, makes performance and mental health better or 
worse. This information is needed to advise individuals and decision-makers 
responsible for the health and performance of individuals who consume these 
substances while under stress. 

The proposed experiments will use an animal model to investigate psychological 
effects of stressors (sleep disruption, a rat model of "Warrior Stress," or both stressors 
together). This experiment also will examine whether nicotine and caffeine alter 
psychological effects of stress. Additionally, we will examine if males and females 
respond differently to the combination of stress and these licit drugs. Animals (rats) will 
be used as subjects to allow for true experiments that: manipulate all relevant 
independent variables; maintain controlled environments and housing conditions; 
measure all behaviors in comparable ways; and include genetically similar subjects. 
This type of preclinical investigation has proved to be valuable to gather information 
about stress. stress effects. and effects of drugs (including nicotine and caffeine; 
Faraday, 2005; Grunberg, 1992: Grunberg, Berger, etal., 2011; Jacob, Wilson, & 
Benowitz, 1981). Findings from this investigation will provide information that could later 
be tested in humans. The following sections provide relevant information about effects 
of stress and the drugs nicotine and caffeine on behavior and provide the rationale for 
conducting the proposed experiments. 

Stress is pervasive and has short and long term mental and physical health 
effects (Baum et al., 1997; McEwen, 1998)_ Additionally, stress affects health behaviors. 
cognition, and performance. Stressed individuals increase health-harming behaviors 
(e.g., cigarette smoking: Grunberg, Berger. et al., 2011) and decrease health-promoting 
behaviors (e.g., exercise; American Psychological Association, 2012). The experience 
of stress has been associated with decreased attention (Liston et al., 2006) and 
impairments in learning and memory (Diamond, Fleshner, Ingersoll, & Rose, 1996). 
Chronic stress and extreme stress have been linked to psychiatric problems such as 
anxiety, depression, and PTSD (Ford & Kidd, 1998; Goenjian et al., 2000). Stress also 
negatively affects performance (Beilock, 2008; Motowidlo, Packard, & Manning, 1986; 
Westman, 1990). 

A particularly powerful stressor is insufficient sleep. Disrupted and insufficient 
sleep is a commonly reported condition among civilians and service members (see 
Military Relevance section below). According to the Center for Disease Control (2011), 
37% of Americans report that they sleep less than the recommended 7-8 hours per 
night. Disturbed and insufficient sleep has been associated with increased use of 
tobacco and alcohol (McKnight-Elly et al., 2011 ). poor cardiovascular health {Franzen et 
al., 2011 ), and increased suicide attempts (Fitzgerald, Messias, & Buysse, 2011 ). Poor 
sleep adversely affects cognitive functioning, including deficits in alertness, attention, 
and psychomotor vigilance (Wesensten, Killgore, & Balkin, 2005b) as well as results in 
slow, unstable mental processes filled with errors (Doran, Van Dongen, & Dinges, 
2001). Sleep disruption also has serious negative effects on executive (cognitive) 
function (Killgore, Kahn-Greene, Grugle, Killgore, & Balkin, 2009). This proposal seeks 
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to incorp'orate sleep jtnferiruption as a s'tressor of interest to examine effe<;ts of 
insufficient sleep on behavior and potential interactions with nicotine and caffeine. 

It is noteworthy t11at stress is directly associated with drug use, including nicotine 
and eafifeine (Grunt:n~rg & Baum. 1985; Grunberg, 6erger1 & Starosciak, 2010; Kassel, 
Str1bud, & Paronis, 2003: 'Ratliff-Crain, 1991; Shaham. Kleln, Alvares, & <Jrunoerg, 1993; 
Shtffmain. 1993). Several e.xplanafrons have been offered to explain this association: 
drug use decreases stress ('''self=med 1ieation hypotheses"); drugs are used to relieve 
withdrawal-like symptoms that resemble or are caused by or exacerbated by stress 
1C'withdrawal hypotheses"); stress alters drug actions ("pharmacodynamic hypotheses"); 
and drug use increases stress which then inereases drug use ("positive feedback loop 
hypotneses"; Gn.1nberg et al ." 20'10). Despite these speculative mechanisrns,_ltb_)(6_1 __ _. 

j(6)(6) lfo~re h_aj been little direct empirical 
~xamination of rpsycholggie~I eff~cts of stre~dJ'.llc_gJjrLe_or stress and caffein~ , even 
though 1hese drugs are commonlty self=administered. The proposed work is designed to 
begun to WI th,is gap. 

Nicotine and eaffeine are two drugs that can be used legally and are easily 
.accessible. In the U.S. 19% of adults smoke cigarettes (Center for Disease Control and 
Prevention, 2012) that contain hicotir'ie and 90% of individuals consume caffeine 
(Iversen, Iversen, Bloom. & IRoth, 2009). These numbers rise when other nicotine
contalning sut>'stances (e.g", chew, dip, cigars, nicotine replacement products) are 
included. These numbers rise even more for military personnel for nicotine {see below). 

Nlhcotine. Nicotnne; the primary pharmacologically-active drug in tobacco, has 
1mrarny effects that reinforce its self-admihisttatiorn. Nicotine's reinforcing effects include: 
rpnyslcal dependence, decreased appetite, improved attention, perceived stress relief, 
and pain redlJction. Our laboratory nars contributed to these findings using rat paradigms 
to conduct true experiments which have produced results that have been later 
confirmed 1in human samples {Acri. Morse. Popke. & Grunberg. 1994; Faraday & 
Grunbefg, 1999; GrunbEJrg, 1982, 19891 1991, 1'997; Grunberg & Phillips, 2004; 
Winders & Grunberg, 1989). The question remains, however, whether using nicotine 
while urnder stress makes stiress responses, better or worse - a question that has not yet 
lbeen examined. 

Nicotine is reported to improve, cognitive functioning (Amitai & Markou, 2009; 
Potter & Newhouse, 2008). Nicotine also is associated with improved cognitive and 
motor performance· (Rose, Ross, Kurup, & Stein, 2010). This drug is unusual in that it 
has been classified as a sympathomlmetic drug (Goodman & Fi/man's The 
Pharmacological .Basis of Therapeutics. 2006) but it also has a paradoxical dual action 
to efither increase or decrease sympathetic fleNous system activity depending on the 
physlolog'ica11.and psychological state of the individual (Grunberg & Starosclak, 2010; 
USDHHS, 1988). As mentioned above, cigarette smoking. increases during stress. 
Some investigators have sugges~ed that this increase results because nicotine (acting 
via positive reinforcemet1f) reduces stress and that smokers are self-medicating to 
relieve the symptoms of s1ress (e'.g,, irritability; Grunberg. Berger, et al., 2011). 
However, this suggestion has not been the focus of careful empirical investigations in 
animals or in humain subjects. Because nicotine in tobacco products are addictive 
(USDHHS, 1988), studies of nicotine over the past 20 years have focused on 
mechanisms underlying the addiction process and development of tobacco cessation 
products, including new nicotine delivery systems and medications that mimic effects of 
nicotine. Investigators have not examined effects of nicotine to potentially reduce stress. 
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Considering that stress often disrupts cognitive processing and other behaviors along 
with reported effects of nicotine, we hypothesize that nicotine will attenuate disruptive 
effects of stress on cognitive function and other behaviors. 

Caffeine. Caffeine is another licit substance that is associated with improved 
cognitive functioning and performance (Seidl, Peyrl, Nicham, & Hauser, 2000). Many 
studies have reported that caffeine can be used safely and effectively to improve 
performance and stave off fatigue (Baranski et al., 2001; IOM-CMNR Institute of 
Medicine Committee on Military Nutrition Research, 2001 ). Yet, few studies have 
examined effects of caffeine under stressful situations (Sunram-Lea, Owen-Lynch, 
Robinson, Jones. & Hu, 2012). The research that is available reports that caffeine is 
associated with increases in glucocorticoids (e.g., cortisol, ACTH; Ohingra et al., 2007; 
Gavrieli et al., 2011; Hino et al., 2007; Un, Uhde, Slate, & Mccann, 1997) - these 
previous studies have not focused on behavioral or cognitive effects of caffeine and 
stress. Because caffeine indirectly activates some of the same pathways that stress 
activates (e.g., sympathetic nervous system), the combination of caffeine and stress 
may affect behavior and health in undesirable ways (James, 2004, 2011). In addition, 
caffeine may interfere with sleep and, thereby, increase stress. Sleep hygiene 
guidelines, for example, suggest avoiding caffeine consumption 6 hours before going to 
sleep (Alabama Sleep Clinic, 2012). Most of the reported research studying caffeine 
and sleep has investigated how caffeine can be used to offset deleterious effects of 
sleep disruption and to delay sleep onset. These investigations, however, have not 
considered caffeine's effects when other stressors (e.g., threat of attack - see below 
under Independent Variables "Warrior Stress Paradigm") are present. 

The relationship between caffeine, stress, and poor sleep has not been 
examined. It is important to understand how these variables interact to affect behavior 
because caffeine is used by most civilians and almost all service members and these 
individuals experience stress. It also is important to examine how these variables 
interact because the use of these drugs increases during times of stress and potentially 
(especially in the case of caffeine) during times of limited sleep. We hypothesize that 
caffeine will potentiate effects of stress. 

Males and females. The male psychological and biological stress responses 
have been extensively studied in animals and humans and can be summarized as the 
"fight-or-flight response" (Cannon, 1935; Faraday, 2005; Mason, 1975; Selye, 1946, 
1973). In response to stress, males generally become aggressive (fight) or escape the 
threatening situation (flight). The female stress response involves similar biological 
systems (i.e., the sympathetic branch of the autonomic nervous system and the 
hypothalamic-pituitary-adrenal axis) but seems to involve different behavioral responses 
that have been called the "tend-and-befriend" response (Taylor et al., 2000). When a 
female experiences stress, the fight-or-flight response still occurs but she also increases 
care for her young and/or seeks social interaction. There has been relatively little 
experimental examination of sex differences in stress responses; animal subjects allow 
for true experiments to be conducted ethically and logistically. For example, we recently 
discovered that female rats display more anxiety-related behavior and more depression
related behavior after exposure to a 'Warrior Stress" (see below) than do male rats 
(Yarnell, 2012a). In addition, we have found that female rats are more sensitive to 
stress than male rats with regard to peripheral stress hormones (i.e., corticosterone). 

The proposed experiments include male and female rats as subjects to 
investigate sex differences in effects of nicotine and caffeine during stress. We 
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hypothesiLeJhaJJ_e_male$ wilLbe (iartlculatly sensitive to effects of stress and to effects 
of these drugs on stress. 

11.2. tit11DJMte_S_aa tcb_forJJurpUc~tioJ'l: 
11.2.1. lb_tlj!_ttilfi_t_e_S_O_Ul'_t~(15LS_e~t_tll~d: 
Medlfine (PubMed). Psyclnfo. 'F1000Biology (and electronic journal review service), 
SRO,, end RePORT 
111.'2.2. Date of Sear--ch: 
Febrnary. 2014 
H.2.3. :e __ Qjj_Q__d o_LSl:a_rcb; 
AU ye~rrs av,ailable on each database (ranging from past year to past 30 years) 
111.2.4. Kcy_:_W_oJJts-'and_Seatch_S_ttate~gy: 
Nicotine; eh11onic nicotine administration, acute nicotine administration, caffeine. stress; 
tats, sex differences. :age differences, locomotion, activity., neutobehavioral functioning, hot 
plate, nodception. acoustic startle reflex; pre~pulse inhibition. passive avoidance. memory, 
anxiety, depression, cognition (words are entered separately and in combination; rat is 
entered with each term (Le., rat+nicotine.,.stress+locomotion/activity, 
ra ts+nicotine+stress"+'neurcbelhavioral functioning. 
rat+nicotfine4"stres-s+hotplaee/notiception. rat nicotine+stress+acoustic startle 
tesponse/prepu1se 1in hibition, rats+nicotine+stress+passive avoidance/learning, 
rats .... nicotine.,.stress-..an:xietyiclepression, rats•nlcotine+stress+cognition, etc)) have been 
s·earched in d,ata base searches. We also read electronic and paper journals regularly and 
search for phrases, titles\ and abstracts relevant to our work. 
11.2.5. Results of Search~ 
There hra$ been extensiive work tm stress, nicotine, and the various behavioral 
measure'S included in our work (i.e., nicotine+ various behavioral measures, stress+ 
behavioral measures). There has been some work on effects of caffeine in rats and the 
various behavioral measures. However, there has been little work combining these 
varia 1blers in the w,ays that we do (e,g., effects stress and nicotine on behavioral 
responses). The Warrior Stress Paradigml._<0_)<6_)-=~==.====.===~~===' 
methods/results have inot been published. Sleep disruption has been studied in rats 
{>60,000 hits), but not lool<ing as extensively at the dtfferent behavioral measures or in 
combination with nicotine, caffeine. er the Warrior Stress Paradigm. Also, research has 
focused more on male tats. Overall, literature searches on the topics to be covered in 
our ·experiments indicate the value of our approaches and have not revealed existing 
literature or data that would supercede our experiments. 

Ill. ODJECTIV1e\HYPOTHES IS: 
The current proposal iocuses on psychological (especially behavioral and cognitive) 
1effects of stress, nicotine, and caffeine using animal models (male and female rats) to 
allow for carefully controlled experimental examination of behavioral measures related 
'to a1nxiety

1 
depression, sensorimotor reflexes, attention, learning, and memory. The 

1overarching aim of this project is to enhance the health of Warriors under stressful 
conditions by investigating whether nicotine (which Warriors self-administer via 
smokeless and smoked t'obacco products) and caffeine (which Warriors self-administer 
via caffeinated beverages and caffeine pills) alter behavioral responses to stress. We 
hypothesize that nicct1ine will attenuate effects of stress, whereas caffeine will potentlate 
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effects of stress, and that effects of stress and of these drugs will be greater in females 
than in males. 

Specific Aim 1: To determine effects of military-relevant stressors (threat of attack; 
sleep disruption) on behaviors (motor, sensorimotor, cognition) in male and female rats. 

Hypothesis 1: Stress will deleteriously affect the measured behaviors. including: 
motor (increased indices of anxiety and depression based on particular 
locomotor activity parameters); sensorimotor (impaired neurobehavioral 
functioning); and cognition (impaired attention, learning, and memory). 

Specific Aim 2: To determine whether nicotine alters the effects of stress. 
Hypothesis 2: Nicotine will attenuate deleterious effects of stress on motor (i.e., 
decrease behavioral measures related to anxiety and depression), sensorimotor 
(i.e., improve sensorimotor responses), and cognitive measures (i.e., attenuate 
deleterious effects of stress on attention. learning, and memory). 

Specific Aim 3: To determine whether caffeine alters the effects of stress. 
Hypothesis 3: Caffeine will potentiate deleterious effects of stress on motor (i.e., 
increase behavioral measures related to anxiety and depression), sensorimotor 
(i.e., worsen sensorimotor responses), and cognitive measures (i.e., worsen 
deleterious effects of stress on attention, learning, and memory). 

Specific Aim 4: To determine if males and females are affected differently by the 
combination of stress and licit drugs (nicotine or caffeine). 

Hypothesis 4: Females will be particularly sensitive to effects of stress and to 
effects of these drugs on stress (i.e., nicotine will be more beneficial for female 
than for male rats under stress: caffeine will be more deleterious for female than 
for male rats under stress). 

IV. MILITARY RELEVANCE: 
Warriors experience unique stressors associated with deployment and combat 

exposure, and recent reports indicate a dramatic increase in combat exposure and 
greater rates of anxiety, depression, and acute stress disorder (Joint Mental Health 
Advisory Team, 2011 ). In addition, psychological stress is highly correlated with drug 
use and abuse (Grunberg, Berger, et al .. 2011). Deployment stressors place Warriors at 
significant risk of physical and mental health consequences that disrupt day-to-day life 
as well as performance under pressure (Vasterling et al., 2006). These consequences 
include neurological compromise, anxiety, depression, and posttraumatic stress 
disorder (PTSD). Hoge and colleagues (Hoge et al., 2004) reported that a significant 
percentage of service members met criteria for major depression, PTSD, and drug use 
after deployment. In another sample, 35% of Veterans who served in Iraq sought mental 
health services in the year following their return and 12% were diagnosed with a mental 
health problem (Hoge, Auchterlonie, & Milliken, 2006). Additionally, multiple 
deployments have been associated with more psychological problems, decreased 
morale, and increased use of psychopharmaceuticals (Joint Mental Health Advisory 
Team, 2011 ). 

Many of the stressors experienced by service members are comparable to 
stressors experienced by civilians (e.g., work demands, family pressures, and 
insufficient sleep). Even the threat of death (that is experienced by service members in 
combat) may be experienced by police officers, firefighters, and civilians who are in 
dangerous situations (e.g., domestic violence, living or traveling in high crime rate 
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areas). What is unique about the Warriors experience is that the stressors are often 
extreme versions of stressors and are often experienced simultaneously and for 
extended periods of time. For example, it is typical for a Warrior to have interrupted 
sleep, go on a life threatening mission, and be required to perform (behaviorally and 
cognitively) under environmentally unpleasant conditions (e.g., loud noises) day after 
day. A majority (70-91%) of Warriors returning from combat report sleep-related 
disturbances (Ulmer, Edinger, & Calhoun, 2011 ). Service members who have disturbed 
and insufficient sleep are at risk for poor cardiovascular health (Franzen et al., 2011) 
and increased suicide attempts (Fitzgerald et al., 2011). Additionally, they may increase 
the use of licit drugs (e.g., nicotine and alcohol) because of poor sleep (McKnight-Eily et 
al., 2011). 

The proposed experiments will evaluate behavioral and cognitive effects of 
military-relevant atrassors using rat paradigms developed in our laboratory to model 
sleep disruption, threat of attack, and exposure to environmental mild stressors 
(Grunberg, 2011; Kwon et al.; Perry, 2009; Yarnell, 2012a; Yarnell, Chwa, Hamilton, & 
Grunberg, 2011; Yarnell & Grunberg, 2012). These experiments also will examine 
whether nicotine and caffeine (legal drugs that are consumed by many service 
members while in stressful situations) alter behavioral, cognitive, and biological effects 
of stress. 

Although about 1/5 American civilians smoke cigarettes, almost 1/3 military 
personnel currently smoke cigarettes and even more use smokeless nicotine
containing tobacco products (Bray & Hourani, 2007). Many young never-smokers and 
occasional smokers become regular smokers after military basic training (Haddock, 
Klesges, Talcott, Lando, & Stein, 1998), suggesting that the military environment (e.g., 
high stress) may be a factor in smoking initiation. Perhaps, intake of nicotine is a way to 
help attenuate the stress of military life. 

Caffeine consumption is not monitored in the military and there are no statistics 
available for the use or abuse of caffeine in this organization. Nonetheless, any member 
of the military will report that Warriors consume vast quantities of caffeine (James, 
2011; Moosey, 2012; Yarnell, 2012b). Popular energy drinks are sold in the exchange 
and others are free in the dining hall. Coffee is also a staple for most Troops. Standard 
rations include caffeine supplements in the form of caffeinated gums and powdered 
drinks (Armed with Science, 2011 ). The use of caffeine is encouraged as a way to 
enhance performance and counter effects of sleep disruption (IOM-CMNR Institute of 
Medicine Committee on Military Nutrition Research, 2001). This recommendation was 
made based on extensive scientific investigation (IOM-CMNR Institute of Medicine 
Committee on Military Nutrition Research, 2001 ). However, effects of caffeine while 
under stress (e.g., in combat situations where service members may be exposed to 
stressful and traumatic events) have not been examined. We hypothesize that caffeine 
intake while under stress may exacerbate effects of stressors. 

The experiments that we propose focus on behavioral, cognitive, and biological 
effects of nicotine, caffeine, and stress in rat paradigms to better understand how these 
variables are interacting. This work is intended and designed to be relevant to the health 
and well-being of military personnel living and working in various environments. 
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v. 
V.1. 

seem-; program as pro mm a m ust ctisractenzat1on o ~ · ects o · 
nicotine, inc uding effects on: reward and addictive processes, food consumption and 
body weight, attention, anx-iery~liil<e oenavior, nooiception. and heart morphology {Elliott. 
~~y, ~ Gr~nberg, _2003; Grun.berg_& ~hill!P~. 2004: yv1nders & Grunb~rg: 1g~g~(6J(6) 
~1~e:overed that there are sex and age differences 1h responses to r11eotine m 

:adolescent and adult rats Far:aefay, Ellioti, & Grunberg. 2001; Grunberg, Winders. & 
Wewerl!f,, 1991} ( >< eported effects of caffeine to alter cognitive processes 
in rats (IFarnday -rwn -@rg, i 999) ana humans (Stine, O'Connor, Yatko, Grunberg, & 
Klein; 2002). 

1161(6) lhave e)(amined how stress changes the actions of nicotine and 
reja'ted self-~dministmtion ~nci withdrawal behaviors.IM(6) _I 

l(b)~J !discovered that stress ~irters pharmacoklnetic and 
p ttll'macodynemic effec.ts of nicotine consistent with increased nicotine self
admll'li~trat~on during stress ~Grwnb~rct Morse(~ Barrett, 1983; Winders, Grunberg. 
1Benow1tz, & Alvares, 1998).1()(6) _discovered that: stress exacerbates 
behavioral sensitization to n1icotine (an index of the development of drug aependence; 
11-lamllton, Starosciak, Chwa, & Grunberg, 2012): nicotine withdrawal occurs in male and 
female rats and is affected by environment relevant to stress (Hamilton, Berger, Perry, 
& Grunberg, 2009): and withdrawal effect$ of nicotine oiffef based on tat strains relevant 
to stress-sensitivi~y (Perry, 2009) . . We have yeUo examine how nicotine or caffeine alter 
,Qs,ycholopiical effects of stress. In other words, does nicotine or caffeine change 
responses to :strnss? 

) 

for example, one military-relevant projeo (b ( J _ ocuse~~~!e-~ects of 
pred~tcr stress. and ~leep dis~uption (SD) ori the ~el~avior of rat · ( l . eveloped an 
·efifect1ve sleep d1srupt1on paradigm for rats. Results 1nd1c,ated that rats m the sleep 
.disruption oond1itio1n displayed greater anxiety-like behavior, increased alcohol 
consumption. arnd nigher corticosterone blood levels (a biomarker of stress; Perry . 
. 2009)l ~reover; sleep dlsrupted !~m~le rats were mo~e an)(ious than_ males. . 

.<b f'Warnor Stress Paradigm" (WSP) that uses rats to 
model impending threat of attack in novel environments (Kwon et al. ; Yarnell, 2012a; 
Yarnell ~t aL, 2011 : Yarnell & Grunbfi!rg, 2012) based on previous studies (Berger . 
. 2009; Hamilton, 2010; Hayley, Borowski, Merali; & Anisman, 2001 : Long, 2010; 
!Meyerhoff. 2006: Perry, 2009; Starosciak, 2010; Willner, Towell, Sampson. 
-Sophokileous, & Muscat, 1987) . The WSP attempts to model the anticipatory stress that 
a 'Warrior experiences prior to conducting a life threatening mission and the disruptive 
stlmuli that are fdund in ia deployed setting, Rats are e><posed to a combination of the 
threat of death {p:redator scent) and specific, disruptive environmental stimuli (e.g., 
flashing 'lights, loua noise) for 20 minutes per day for 7 days. This combination produces 
a mfilct stress re:sponse in the rat. 

The P,top..o-'-s~perirr1.~nts build on this_w_ork by invest\ga'ting effects of two 
g_oweriut milita!Y_'.:_televant stressors (sleep disru:Qtion and the Warrior Stress Para~ig.m1 
indiViduaUy and in combination, Additionally, these experiments will examine whether 
nicotine and caffeine alter the behavioral effects of stress. 
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(b (6) 

1..< _o_> ....... ~~~~~~~~~~~~=='T e eVlsed ·eurobe avior~u ever1 y 
Sc~le (NSS-R' is a series of 10 sensory and motor tests (Grunberg, Yarnell, Chwa, 
f=h.itehistm, & Sany, 2011; Yarnell , 2012a: Yarnell. Barry, & Grunberg, in preparation; 
Yarnell & Grit.inbeng, 2012). This test battery is based on similar v~rsions found ih the 
literature (Hamm, 2001 ; Mahmood et al., 2001: Shohaml, Novikov, & Bass, 1995), but 
offera a more reliable and sensitive wa to conduct the assessment for chan e~ in 
neurobehaviorai f1,11nctionlng ( 
llb)(6) Ito investigate flve"'""""dl"""'ff,...e_re_n_t .... fo-rm-~-o--b-ra .... m-· '"'"in ... Ju-·ry __ m_r_a-ts_a_, n-·a- m-ic_e_(_C_o_1e""'· at a I., 
2011j A. Sha__rma elal., in pr~paration; P. Sharma; Su, Barry, Grunberg, & Lei, 2012). 

ps)(6) !found changes in response to stress using this test battery 
(Yarnell, 201~a; Yarnell & Grunberg; 2012). In the proposed experiment the NSS-R will 
be used to test how sleep disruption and "Warrior stres$u affect sensory and motor 
function. Rats' p.erformance as a result of these stressors and under tt'le infh.Jence of 
nieotlne and caffeine wHI be tested; 

The experiments that are 1included in this research application are designed to 
build upon our recent fi1ndings. We have the relevant conceptual knowledge and 
teclurioal 1experiience to perform the proposed experiments. We have developed all of 
the procedures to manipulate non~painful stress and to measure behavioral indices of 
sensory .and motor performance; memory, attention, anxiety, and depression. These 
measures ·wil1l lbe used .in the proposed project to determine if nk:otlne or caffeine alters 
effects of stress on behavior. 

v.1.1 . Experiment 1: Biobenavli91'al e_fte_t~_oj__fil_c_otine and stress in ;ua_tm.o_d.eJ 
ihis experiment i:s designed to determine the behavioral and biological effects of stress 
and nicotirne iin rats .. It is hypothesized that: (a) stress will deleteriously affeet the 
measrured behaviors. including motor (increased indices of anxiety and depression 
based on partial.liar locomotor activity parameters); sensorimotor (imp~ ired 
neurobehavloral functioning; and cognition (impaired attention, learning, and memory); 
(lb) nicotine will att0enuate deleterious e·ffects of stress on motor (i.e., decrease 
behavioral measures related to anxiety and depression). sensoFimotor (i.e., improve 
sensorimotor responses). and cognitive me~sures (i.e., attenuate deleterious effects of 
stress on attention, learning, and memory); (c) effects of stress, nicotine, and the 
combination will be more pronounced in female than in male rats (i .e., nicotine will be 
more beneficial for female than for male rats under stress). 
Design: This experiment is a 3 (control, 3 mgfkg, 6 mg/kg) x 4 (no stress, WSP. SD, 
WSP+SD) x 2 (male. femalle) full factorial mixed design= 24 treatment groups. Each 
animal will be evaluated before ana after injury. There will be 10 animals per each of the 
24 trieatment groups for a total of 240 animals (plus 20 animals for pilot work). Grand 
total 1of 260 rats are requested. This experiment will be rnn in cohorts of 24 - 48 
animals per GOhort. The "pilot" animals are heeded to train personnel in the techniques 
used in this experiment. 
Subjee~: Subjeets will lbe young adult male and female Sprague-Dawley rats (2 - 3 
month·s old). This strain and age is comparable to subjects used in many of our previous 
experiments with rats. 
Induction of 0 Stress": For animals in the WSP group, non-painful stress will be 
manipulated by e~posure for .20 min per day for 7 days to fox urine and lights or sounds 
as developed and used in our laboratory (Acri et al., 1994; Berger, 2009; Faraday, 
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2000; Hamilton, 2010; Kant, Leu, Anderson, & Mougey, 1987; Kant, Mougey, & 
Meyerhoff, 1986; Long, 2010; Perry, 2009; Raygada, Shaham, Nespor, Kant, & 
Grunberg, 1992; Shaham, Klein, Alvares, & Grunberg, 1993; Starosciak, 2010; Yarnell 
et al., 2011). Environmental stimuli to manipulate stress include lights, noises (e.g., 
whistle, laboratory timer), and tilting the cage based on Willner et al. (1987). A 
combination of these stimuli avoids habituation of the stress response. Details are 
provided below (See section V.4.4.7). For animals in the SD group, their sleep will be 
disrupted for 9 out of 12 of the animals' 12 hour sleep period for 7 days as developed 
and used in out laboratory (Perry, 2009). Details are provided below (See section 
V.4.4.7). 
Drug administration. Nicotine will be administered chronically via subcutaneous 
minipump implanted in a brief surgical procedure followed procedures develop by 
Grunberg (1982) to model exposure to nicotine comparable to levels achieved by 
human cigarette smoking and to be comparabfe to dosages that can be achieved by 
medicinal nicotine patches (Winders et al., 1998). Details are provided below (See 
section V.4.3.2). 
Dependent measures. Measures include body weight, food and liquid consumption, 
activity, attention, memory, anxiety, depression. sensory responses, and blood 
chemistry (corticosterone [to index stress], nicotine, cotinine [primary metabolite of 
nicotine]). Details are provided below (See section V.4.4.6). 
Procedure. Animals will acclimate to the facility for 2 days. Each animal then will be 
handled 3 - 5 min/day for 3 days to minimize handling stress. Animals will be assigned 
to treatment groups such that same-sex groups have similar body weights. Minipumps 
will be implanted to deliver nicotine or saline. Stress will be started after minipump 
implantation and will continue for 7 days, then behavior will be measured, then 
continued for another 7 days with behavior measured at the end before the end of the 
study. See Timeline below for details (See section V.4.5). Animals will be euthanized by 
exposure to carbon dioxide followed by decapitation following LAM procedures. Blood 
will be collected, prepared, and stored for later analyses. Brains will be removed and 
stored for later tissue sharing analyses. 

V.1.2. Experiment 2: Biobehavioral effects of of caffeine and stress in a rat model 
This experiment is designed to determine the behavioral and biological effects of stress 
and caffeine in rats. It is hypothesized that: (a) stress will deleteriously affect the 
measured behaviors, including motor (increased indices of anxiety and depression 
based on particular locomotor activity parameters); sensorimotor (impaired 
neurobehavioral functioning; and cognition (impaired attention, learning, and memory); 
(b) caffeine will potentiate deleterious effects of stress on motor (Le., increase 
behavioral measures related to anxiety and depression), sensorimotor (i.e., worsen 
sensorimotor responses), and cognitive measures (i.e., worsen deleterious effects of 
stress on attention, learning, and memory); (c) effects of stress, caffeine, and the 
combination will be more pronounced in female than in male rats (i.e., caffeine will be 
more deleterious for female than for male rats under stress). 
Design: This experiment is a 3 (control, 1.5 mg/ml, 3 mg/ml) x 4 (no stress, WSP, SD, 
WSP+SD) x 2 (male, female) full factorial mixed design= 24 treatment groups. Each 
animal will be evaluated before and after injury. There will be 10 animals per each of the 
24 treatment groups for a total of 240 animals (plus 20 animals for pilot work). Grand 
total of 260 rats are requested. This experiment will be run in cohorts of 24 - 48 
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animals per cohort. The "pilot" animals are needed to train personnel in the techniques 
used in this experiment. 
Subjects: identical to Experiment 1 
Induction of stress: identical to Experiment 1 
Exposure to caffeine: Caffeine will be administered through the drinking water based 
on the procedures of Holtzman (1983) and Goldberg and colleagues (Gasior, Shoaib, 
Yasar, Jaszyna, & Goldberg, 1999; Jaszyna, Gasior, Shoaib, Yasar, & Goldberg, 1998; 
Shoaib, Swanner, Yasar, & Goldberg, 1999) to model exposure to caffeine comparable 
to levels achieved by human consumption. In order to reduce the amount of additional 
stress (since stress is an independent variable), we decided not to use a gavage to 
administer caffeine. This oral self-administration method has been reported to be 
reliable. Water bottles are weighed daily to measure consumption. In addition, 
biological samples are taken at the end of the study to validate caffeine exposure. 
Details are provided below (See section V.4.1.2.2). 
Dependent variables: Identical to Experiment 1 
Procedure: Identical to Experiment 1 except that caffeine will be manipulated instead 
of nicotine. 

V.2. Data Analysis: 
Samples sizes (n=10 per experimental "cell") for each experiment were based on 

previous experiments in our laboratory and in the published literature that have yielded 
statistically significant findings with behavioral and biological dependent variables 
comparable to those to be used in the proposed experiments. Specifically, moderate to 
large effect sizes (r{= 0.06-0.14) are expected for behavioral measures in response to 
stress and drug manipulations. Power analyses (G*Power) are based on previous 
experiments in our laboratory which yielded these effect sizes in samples of ten per 
"cell." The data will be analyzed by ANOVA or MANOVA (with and without covariates) 
with repeated measures as appropriate. Tukey HSD post hoc tests or Dunnett's twill be 
used to compare differences between conditions. All analyses will be two-tailed with 
alpha = 0.05. 

V.3. Laboratory Animals Required and Justification: 
V.3.1. Non-animal Alternatives Considered: 

This research project relies on behavioral responses in living organisms. Rats are 
subjects because their responses are similar to and predictive of human responses. Non
animal alternatives such as computer modeling and cell cultures were considered but are 
not suitable to assess behaviors in organisms because there currently are no non-animal 
alternatives that provide information about effects of stress, nicotine, and caffeine in living 
organisms. 
V.3.2. Animal Model and Species Justification: 

Rats are the subjects because they allow for true experiments to be conducted 
and because biobehavioral findings with rats have been excellent predictors of 
information relevant to the human condition. There is an abundance of research 
literature using rats in animal models of a variety of human conditions including drug 
abuse, stress, and mental and physical health disorders. With regard to the present 
research, for example, rat models have been used extensively to investigate stress, 
nicotine, and caffeine (e.g., Acri et al., 1994; al'Absi, 2012; Balfour et al., 1986; Barron 
et al., 2005; Benwell & Balfour, 1985; Collins et al., 1986; Corrigall & Coen, 1989, 1991; 
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Gasior et al. , 1999; Glick et al., 1970; Goldberg, 2012; Goldberg et al., 1981 ; Grunberg, 
1982, 1992; Hansen. 1979; Holtzman, 1983; Jaszyma et al. , 1998; Larson et al. , 1961 ; 
Marks et al.. 1986; Shoaib et al. , 1999; Slotkin et al .. 1986). Our laboratory has used 
rats, mice, other rodents, and primates in our research . Our findings with rats have been 
reliable (in our laboratory and in other laboratories) and have proven to be valid in 
predicting effects in human subjects and human populations with regard to the topics 
that we study. 
Subjects. Subjects are male and female Sprague-Dawley rats. the most commonly 
used lab rats in various studies. including investigations of stress and licit drugs. 
Sprague-Dawley albino rats are considered to be the standard test rat for nicotine and 
stress experiments. Adult animals are approximately 55 days old upon arrival (Spear. 
2000) and in consultation with the breeder. 

V.3.3. Laboratory Animals 
V.3.3.1. Genus & Species: 

V.3.3.2. Stra i nfStock: 

V.3.3.3. Sou rceNendor: 

V.3,3.4. Age: 

V.3.3.5. Weight: 

V .3.3.6. Sex: 

V.3.3.7. Special 
Considerations: 

Species #1 
Rattus norvegicus (Rat) 

Sprague-Dawley 

rb)(4) 

Adult (about 55 days) 

Adult males (about 200 
grams); adult females 
(about 150 grams) 

Males and females 

NIA 

V.3.4. Number of An imals Required (by Species): 520 rats 

Species #2 

Please note: Each experiment will be run as a series of smaller sub-experiments for 
logistical reasons : 
Experiment 1 = 240 rats (plus 20 additional pilot rats) = 260 rats 
Experiment 2 = 240 rats (plus 20 additional pilot rats) = 260 rats 

V.3.5. Refinement. Reduction, Replacement (3 Rs): 
V.3.5.1. Refinement: Animals are carefully monitored to limit or avoid pain and 
distress. Animals are observed daily for any behavioral signs of distress, including 
vocalizations, weight loss, changes in food consumption, changes in reactivity. and any 
signs of injury. If there are any indications of pa in or distress, then the LAM staff is 
consulted. With regard to logistical and technical refinements, many of the behavioral 
assessments use automated equipment interfaced with computers to allow for the 
collection of dozens of parameters simultaneously. The use of sophisticated software and 
computerized.technologies allows us to collect fine-grained and complete data sets for 
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every animal included in the experiment, eliminating the need for additional studies that 
might otherwise have been necessary. Our many years of behavioral investigations 
regarding stress and various drugs also have allowed us to minimize the sample sizes as 
we have refined testing to be sensitive and reliable. 
V.3.5.2. Reduction: The sample sizes for the proposed work were derived from 
power analyses of pilot data and past work in our laboratory and in other laboratories. 
These samples sizes, therefore, constitute the minimum number of animals necessary 
to obtain meaningful results and represent a useful application of knowledge of 
statistical effect size and the concept of power. In addition. in each experiment multiple 
dependent varlables are measured. Measurement of many variables in the same 
animals markedly reduces the total number of experiments conducted. 
V.3.5.3. Replacement: There are no appropriate replacement methods (in-vitro, 
computer models) for the proposed work. 

V.4. Technical Methods: 
V.4.1. Pain I Distress Assessment: 

Animals will be anesthetized during implantation of minipumps (in Experiment 1 ). 
Animals will be observed daily by investigators and by LAM staff to check health and 
well-being and to insure that there is no undue pain or distress based on behaviors and 
vocalizations. Any indications of pain or distress will be dealt with by alleviating the 
cause of the problem and/or by contacting LAM personnel for assistance and guidance 
V.4.1.1. APHIS Fonn 7023 lnfonnation: 
V.4.1.1.1. Number of Animals: 

Species #1 Species #2 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column 0: 
V.4.1.1.1.3. Column E: 

V.4.1.2. Pain Relief I Prevention: 

80 
40 
400 

V .4.1. 2.1. Anesthesia/Analgesia/Tranquilization: 
In Experiment 1 (to implant minipumps), subjects are first anesthetized by 

inhalation anesthetic to prevent pain. lsoflurane is mixed with oxygen (i.e., 2 - 4% 
lsoflurane: with an oxygen flow rate of 0.5 - 1.0 liters/minute). Subjects are placed inside 
an induction chamber saturated with lsoflurane vapor. Subjects are removed from the 
chamber when tail pinch produces no reflex movement and anesthesia is maintained 
using a mask/nose cone attached to the anesthetic vaporizer (with lsof\urane 
concentration ranging from 0.25 - 3% to maintain appropriate depth of anesthesia) 
V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: 

The non-surgical procedure that may induce momentary discomfort (e.g., hot 
plate test of nociceptive responses) is included for scientific purposes and is short in 
duration(< 60 sec). Animals are observed daily by investigators and by LAM staff to 
check on their health and well-being and to assure that there is no undue pain or 
distress. Animals also are carefully monitored during behavioral testing procedures. In 
addition, animals are closely monitored during all procedures that involve any pain or 
potential distress (e.g., during and after minor surgery; during and after injections). 
Pain/distress is assessed based on behaviors and vocalizations. Any indications of 
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pain or distress are dealt with by alleviating the cause of the problem or by contacting 
LAM personnel for assistance and guidance. 

Caffeine (obtained from Sigma) will be administered based on the procedures of 
Holtzman (1983) and Goldberg and colleagues (Gasior, Shoaib, Yasar, Jaszyna, & 
Goldberg, 1999; 1981; Jaszyna, Gasior, Shoaib, Yasar, & Goldberg, 1998; Shoaib, 
Swanner, Yasar, & Goldberg, 1999). This paradigm is considered to be the optimal 
strategy to model caffeine consumption in humans (al'Absi, 2012; Gasior et al., 1999; 
Goldberg, 2012; Jaszyna et al., 1998; Shoaib et al., 1999). Rats in the lower caffeine 
condition will receive drinking water with caffeine increased from 0.25 mg/ml to 1.5 
mg/ml over the course of 10 days. After the initial 10 days, rats in this condition will 
receive drinking water with 1.5 mg/ml for the remaining 10 days of the experiment. Rats 
ln the higher caffeine condition will receive drinking water with caffeine base increased 
from 0.25 mg/ml to 3 mg/ml over the course of 15 days. After the initial 15 days, rats in 
the higher caffeine condition will receive drinking water with 3 mg/ml caffeine for the 
remaining 5 days of the experiment. It is noteworthy that the route of administration (oral 
ingestion) at the particular concentrations that will be used produced behavioral effects 
in rats and are considered to be (based on the published literature and communication 
with the investigators cited) the optimal approach to parallel human consumption of 
caffeine of servicemen. Currently in the military, consumption of approximately 200-300 
mg of caffeine is encouraged to enhance performance and delay sleep onset during 
continuous operations (IOM-CMNR, 2001 ). This recommendation is based on 
extensive research (Killgore et al., 2009; Lieberman, Tharion. Shukitt-Hale, Speckman, 
& Tulley, 2002; Mclellan, Bell, & Kamimori, 2004; Mclellan et al., 2005; Mclellan, 
Kamimori, Voss, Tate, & Smith, 2007; Wesensten et al., 2002; Wesensten, Klllgore, & 
Balkin, 2005a) that examined effects of caffeine on performance in rested and sleep
deprived service members. Warriors report consuming greater than 300 mg per day 
(Lieberman, 2012) and those who use energy drinks may be consuming 80 mg - 500 
mg per serving ("Caffeine content of drinks." 2012). Therefore. it is likely that service 
members are consuming more than moderate doses of 200-300 mg. 

We also will use two mild stress paradigms ("Warrior Stress Paradigm" and 
"Sleep Disruption" described in Section V.4.4.7. below). WSP involves 10- 20 min 
exposure to fox urine on a cotton ball and some environmental mild stressors detailed 
below (e.g., overhead lights turned on and off). This procedure is repeated once/day for 
14 days (with a 3 day break for behavior after the first 7 days) for animals in the WSP 
and WSP+SD groups. Animals are free to move around a cage and are not restrained 
in any way. For animals in the SD and WSP+SD groups, it will involve their natural 
sleep being disrupted by noises (e.g., loud banging, bells, voices) during 9 total hours of 
the animals' 12 hour sleep period for 14 days (with a 3 day break for behavior after the 
first 7 days). Sounds will vary from 65 - 80 dB. Total duration of the sounds range from 
6 seconds to approximately 1 minute. Total hourly sound exposure will not exceed 6 
minutes at any time during this study. Animals are free to move around a cage and are 
not restrained in any way. 
V .4.1.2.3. Paralytics: NIA 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful 
Procedures: 
V .4.1.3.1. Sources Searched: 
Medline (PubMed), Psyclnfo, F1 OOOBiology, AGRICOLA 
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V.4.1.3.2. Date of Search: 
February, 2014 
V.4.1.3.3. Period of Search: 
All years available on each database are searched (from recent work up to 30 years in 
the past). 
V.4.1.3.4. Key Words of Search: 
osmotic minipumps, minipump implantation, chronic administration paradigms, pain, 
alternatives, analgesia, anesthesia, surgery, acute drug administration, stress, rat (these 
words are searched in various combinations[i.e., rat+osmotic minipump+pain. rat+ osmotic 
minipump+alternatives. rat+osmotic minipump+analgesia, rat+osmotic 
minipump+anesthesia, rat+osmotic minipump+surgery, etc) 
V.4.1.3.5. Results of Search: 
Searches looking at literature from the last 30 years. focusing more on the past 5 years, did 
not discuss the rats being in pain from the mlnipump implantations (>9500 hits). Besides 
daily injections, which cause discomfort each time, no other alternatives to the minipump 
implantation procedure have been found (>9000 hits). No alternatives to the nociception 
procedures have been found (>19,000 hits). There are many stressors used in rodent 
literature (immobilization, tail shock, feline exposure), but no milder alternative for the 
stress manipulations have been found (>80,000 hits). No alternatives are available to avoid 
using live animals for the assessment of effects of stress, caffeine, and nicotine in intact 
rats and the procedures that are followed. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: Animals 
receiving the Warrior Stress Paradigm receive the stress paradigm in a cage separate 
from their home cage and are returned to their home cages once the paradigm is 
complete (for details, see section V.4.4.7). On the days that the animals receive stress, 
they receive no behavioral measures (i.e., during this time, they only receive the stress 
paradigm and are left to rest after). This paradigm's stressors are mild and brief 
(exposure to fox urine, lights, and sound). It is used to model the impending threat of 
attack in a novel environment that Warriors face while in deployed settings. 

Animals receiving the Sleep disruption paradigm receive the stress paradigm in 
their home cage. The animals are exposed to sounds periodically during their sleep 
cycle. This paradigm is used to model interrupted sleep that many Warriors face. 

V.4.2. Prolonged Restraint: No prolonged restraint will be used. 

V .4.3. Surgery: 
V .4.3.1. Pre-surgical Provisions: 

All minipump implantation surgeries will be performed in the LAM facility by the 
Grunberg research team and in consultation with LAM staff to insure proper preparation 
and safeguards. Implantation of osmotic minipumps uses aseptic technique. Subjects 
will be anesthetized by inhalation anesthetic LAM equipment (vaporizer) and lsoflurane 
mixed with oxygen. Subjects will be placed inside an induction chamber saturated (at 4-
5%) with lsoflurane vapor. Subjects will be removed from the chamber when tail pinch 
produces no reflex movement and anesthesia will be maintained (at 1-1.5%) using a 
mask/nose cone attached to the anesthetic vaporizer. 
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v .4.3.2. Ptocedut~; 
Subjects ate anestnetiz:ed by inhalation anesthetic using LAM anesthetic 

~quipment {vaporizer) and lsoflurane and O)()'gen. Subjects are plaoed inside an 
ind11etion chamber saturated with lsoflurane vapor. Subjects are removed from the 
chamber when tail pinch produces no reflex movement and anesthesia is maintained 
using a mask/nose cone attached to the anesthetic vaporizer. A 3 x 5 cm area between 
the wit:ners is shavea and cleaned with the ·atltiseptic Betadine. A 2 cm transverse 
ln'.ois1lon within the shaved regfion approximately 1 cm below the scapulae is made with 
blunt-nosed, curved-tipped Mayo surgical scissors1 a pocket is created by gently 
spreading the subcutaneous tissues with the scissor tips, and the minipump Is inserted. 
Incisions ar,e ·closed with two~three 9 mm stainless stool wound clips. This procedure 
takes approx, 4 man per subject. The surgical area is thoroughly cleaned before and 
after prooedures. linvesdgators wear smgicai masks, gloves. and laboratory coats or 
surgical scrubs. The procedures are performed under aseptic condhions, All surgical 
material will be sterilized between animals using the glass bead sterilizers. 

Mini pump ~nchoring. The mlir''l'ipump is not anchored. For the majority of 
animals1 it remains irn the subcutaneo'us pocket created between the withers (shoulder 
blades) and ·Can be palpated easily. On rare occasions, it migrates under the skin to 
other subcutaneous locations. When migration occurs, animals are monitored daily for 
min.ipump posit~on to be sure that it does not interfere with normal behaviors (i.e. , 
eating, drinking, groomln,g) or an1imal comfort 

Instruments. Surgical instruments are cleaned and sterilized by thej<6>!6> 

lab oefofe eaen procedure and in bet\'Veeh animals. ,__ ___ _. 
V .4.3.3. Post-sw,qicatf!ovi~iQn~; 

Orne dos,e of tmpremorphlne (0.05-0.1 mg/kg) given subcutaneously after surgery 
w.ill be given for pain relief. Subjects will be returned to their cage and observed post
surgeil'y until they Cire aole to demonstrate recovery such a~ return of righting reflex. or 
coordinated voluntary movement. They also will be monitored three times a day until 
they have completely recovered from the minor surgical procedures. 

Sur1gical incision monitoring, The incision she is closely examined daily for 
signs of ~nfection or lack of healing, If signs of infection or lack of healing are observed, 
then veterinary consult will be reqwe-sted for antibiotic administration or other 
apprropriate care. Over 30 years of our experience and the implantation of several 
thousand rats with these devices. the incidence of infection has been less than 0.1 %. In 
addition, we have never observed any problems with the surgical incisions in animals 
exposed to water (as in behavioral tests described below), 

Post-op a1ntibiotics. Post-operative ahtibjotics are not administered unless 
there are signs of infection (i.e., reddening or swelling of the incision site). A 
veterinarian will be consulte.d for appropriate course of action, antibiotic choice and 
route of administration in cases of ,infections. 

Surgery-Expetirnental procedure time lag. Animals are alle>wea 16 hours to 
recover from surgery befof'ie the commencement of any behavioral testing. In our 
experience, !by 15 minutes post-surgery an·imals are moving and by 2 hrs post-surgery 
animals are eating, drinking, and gr1ooming normally. By 16 hrs post-surgery, the 
incision site exhibits signs of heanng. 

Animal disposition if surgical tl)mplita<t~ons ()tcur. In our experience, the 
only surgical oomplicatuon that might occur is infection of the incision site, and this 
complication is rare, Should this complication develop, treatment with antibiotics will be 
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requested 'from the veterinary staff. If the infection is mild and resolVes quickly with 
treatme·nt, then the animal will re:main in the experiment. If the infection is debilitating 
(i.e. , the animal's behaviors indicate that it is ln pain), or any other surgical 
complications occur; then a request will be placed for the animal to be euthanize<J by 
LAM p~rsonnel (carbGn dio.xide inhalation followed by decapitation). 
'V .4.3.4. .ko_t:_atLo_n~ 

$urgerie$ to implant the minipumps will be conducted in the LAM facili~. 
Sehaviorai measures wlfl be conducted in the laboratories assigned to Dr ~(6)(6 lin 
LAM at USUHS, . . 
V.4.3.5. Sumeon: Pl aind all co-investigators and technicians 
V.4.3.6. Multtplu MaJlt1:r S_ttfYiv_aLO,,p_o_m.tiYtLPLo_c_edure~: NIA 
V.4.J.i6.1. Procedure~; NIA 
'V.4.3.6.2. S_cientific Justification= NfA 

'V.4"4. AnimaLManipulations: 
V .4.4.1. lnJoctlons: NIA 
V.4 .. 4.2. Biosamples: 

At the end of 1each experiment, animals will be euthanized as described below. 
Blood sarmrples and some tissue samples will be collected and stored tot later analysis. 
Biologkal and PhysioiQgio-al Measures 
1) Corticosterone assessment. Trunk blood samples are obtained during sacrifice in 
some experiments. Total serum corticosterone is measured by ELISA/EIA. All samples 
,and standards are run in duplicate. 
2) Nict>tine and cotinine levels. Blood samples are assayed for niootine and cotinine by 
HPLC in some e3<periments (Jacob et al., 198 ~ )- Structural analogs of both nicotine and 
cotinine are used as Internal standards. Calibration curves are linear from 1-100 ng/ml 
for nicotine and 10-1000 ng/ml for cot~nine . The limit of quantification is 1 ng/ml for 
nicotine and 10 ng/ml for ot>tinine, The detection limits are 0.5 ng/ml for nicotine and 5 
ng/ml for cotirHne. Inter-day and intra~day variability have been determined from the 
repeated analysis of s:piKed plasma and brain tissue samples, The mean coefficient of 
variation ranges from 1.1 to 7 .8% for nlcotine concenfrations ranging from 1 to 100 
ng/ml.. The mean coefficient of variation ranges from 0.8 to 9.5% for cotinine 
1concentrations ranging from 10-1000 ng/mL No interference is found from various 
i11lc1otine metabolites. Assay S1Pecifilcity is verified by comparing concentrations of 
nicotine and cotinine in pooled plasma and in pooled brain samples. 
3) Brain assa~s. Bra'ins are harvested following decapitation and rap idly frozen with dry 
ice or llquid nitrogen. Brains will be stoted for possible, later analysis (please see 
Tissue Sharing settion V.4.4.8). 
V .4.4.3. AdjU"\"an~: NIA 
V.4.4.4. Monoclonal AntibJ."td_y_(MAbs) Pf\oductioo: NIA 
V.4.4.5. ,A~ ldenti'flcati!'.!>fi : 

Anlma~s cages 'Wiill be identified with a cage card generated by LAM according to 
SOP upon arrival to USU. In addition, cages are numbered corresponding to the 
animals in that 1cage and rat tails are coded with a marker using a stripe system that 
corresponds to un1its of ten or ones, depending on the locatidn of the mark on the tail. 
v .4.4.6. Bettavioral Studies: 

This project focuses on behavioral evaluations in rats. Each measure is 
described below. The dl!Jration of behavioral testing on each day depends on the 
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specific measure used and tis listed below. The sp~eific behavioral measures us@d in 
each experiment is listed under the dependent variables section of each experiment. 
No more than three types of behavioral measure are made of each animal on a given 
day and will take less than 1 ~hours per day. 

1) Body weight, and food and liquid consumption (minimal handling of animals} 
2) Open field activity: 1 hr 
3) Neurobehavioral Severity Scale~Revised: 5 min 
4) Hot Plate: < 60 sec 
5) Acoustic startle and pre-pulse inhibition: 20 min 
6) Passive Avoidance: 5 min 

O[Pen field locomotion. Looomotor activity ls a collection of sensitive 
unconditioned behaviors that occur when an animal moves in its environment. Various 
parameters of open field locomotion prov1ae information about gross motor movement, 
general health, anxiety, depressive-like behavior, and learning (i.e., habituation). 'These 
measures have been used in tat studieslib)(6) for many years and have 
provided reliable and valuable data (e.g., Bowen. Eury, & Grunberg, 1986: Elliott. 
Faraday, Phillips, & Grunberg, 2004; Elliott & Grunberg, 2006: Faraday, Elliott, Phillips, 
& Grunberg, 2003; Faraday, O;Donoghue, & Grunberg, 2003; Faraday, Sclleufele, 
Rahman, & Grunberg, 1999; Grunberg & Bowen, 1985; Morse et al., 1997). Horizontal 
activ1ity provides informatiion about gross motor performance and general health: center 
time provides an index of anxiety (with an inverse relationship between center time and 
anxlety): vertical activity provides an index of depression (With escape benaviors 
inversely related to depression) (Berger, 2009; Faraday, 2005; Grippo, Beltz, & 
Johnson, 2003; Hamilton. 2010: Long, 2010; Perry, 2009: Sarkisova, Kulikov. 
Mldzyanovskaya, & Folomkina. 2008: Shafer, 2006: Starosciak. 2010: Zhuang. Xu, & 
Chun~Zni, 2007). Locomotor activity is measured using an Accuscan Electronics 
infrared photocell system (Accuscan Electronics, Columbus, OH), located in a dedicated 
room within the animal facility. This room is constructed of cinderblock walls, acoustic 
tile ceiling and steel doors so that sound is Kept to a minimum. One hour activity 
measurements will be obtained curing animals' active or dark cycle. Dark cycle 
measurement is done because animals' baseline level of activity during this part of the 
circadian cycle is sufficiently high to allow measurement of activity decrements and also 
bw enough that activity increases can be reliably measured. Animals will be placed 
singly in a 40 x 40 x 30 cm clear Plexiglas arena and a Plexiglas lid with multiple holes 
to a111ow air flow. The lid ensures that sul:Jjects have adequate ventilation but cannot 
escape during data collection. A [photocell array measures horizontal locomotor activity 
and vertical acthtity. Data will be automatically gathered and transmitted to a computer 
equipped with "Fusion" software {from Accuscan Electronics). Once subjects are placed 
in the test areas, the experimenter turns off the lights and leaves the room. Chambers 
are deaned between subjects with a clidox=s solution. The duration of locomotor activity 
testing is a maximum of 60 min per day. 

Nourobe~avioral o~ervatiorn. ?bservations will be made and recorded using 
the Neurobehav1oral Seventy Scale-Revised (NSS-Rlf ... 6_H6_> _____ ......,.. ___ __,] 

fo)(d) [Grunberg, Yarnell. Chwa, Hutchison. & Barry, 2011) and based on 
neurological severity scales in the literature (Hamm, 2001; Shohami. Novikov, & Bass, 
1995) using a Likert-format scoring system. These measures include observation of a 
righting response, leg flexion, balance, and sensory responses to mild stimuli {e.g., 
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touching ear with cotton-tipped stick, response to light). The measures are similar to 
those described in CNRM SOP #2 (on USUHS LAM web page). 

Hot plate nociception. Hot plate response measures supraspinal nociceptive 
responses (Berry et al., 2007; Ding, Shum. Ko, & Zhuo, 2005). The hot plate task will be 
performed with an Omnitech/Accuscan Electronics Analgesia Monitor (Model HPrx). 
Subjects are placed on a 26 x 26 cm square hot plate platform, enclosed on all sides by 
Plexiglas walls and covered with a removable Plexiglas top. The metal plate heated to 
51°C (a temperature that will elicit a nociceptive response without tissue damage). 
Hotplate latencies are measured as the time from placement on the heated surface until 
the animal raised and licked a rear paw. To prevent tissue damage, a maximum latency 
of 60 sec is allowed. Animals that do not lick their paws at all during the 60-sec period 
are removed from the heated surface. The platform is cleaned between subjects. 

Acoustic startle response with and without pre-pulse inhibition. Acoustic 
startle reflex (ASR) amplitudes and pre-pulse inhibition (PPI) are measured in a Med 
Associates Acoustic Response Test System based on procedures of Davis and 
Sollberger (1971) and Faraday and Grunberg (2000). ASR and PPI provide information 
about information processing and attention. ASR and PPI are measured in a Med 
Associates Acoustic Response Test System consisting of weight-sensitive platforms 
inside individual sound-attenuated chambers. Subjects' movements in response to 
stimuli are measured as a voltage change by a strain gauge inside each platform. Each 
rat is placed individually in a ventilated holding cage. Startle stimuli range from 11 Oto 
120 dB and are white noise bursts of 20 ms duration sometimes preceded 100 ms by 68 
or 82 dB 1kHz pure tones (pre-pulses). Each stimulus combination is presented 8 times. 
Total testing period is about 20 min. 

Passive Avoidance. Passive avoidance is an index of learning and general 
cognition. An animal is placed into an apparatus with two chambers separated by a 
sliding door. After being placed in one of the chambers. a light turns on and the door 
opens. The other chamber is dark, which rodents prefer. During the train ing period, 
crossing over into the dark chamber causes the animal to receive an electrical shock. 
The animal is tested the next day with no electrical shock. Remaining in the lit 
chamber, against the animal's natural instincts, indicates that learning has occurred. 
The Gemini model (San Diego Instruments, San Diego, CA) consists of two chambers 
(21 cm x 25 cm x 17 cm). A 50 watt light bulb is present in both compartments. The 
shocks (0.8 mA) are delivered through a grid floor. The training and testing operations 
are controlled by computer software ("PA", San Diego Instruments, San Diego, CA). 
During the training period, rats will be placed in a chamber. After 60s, the light will turn 
on and the door to the second, ark chamber will open. Upon crossing into the dark 
chamber, a 0.8 mA shock will be delivered for a period of one second. The latency to 
cross will be recorded by the computer. Rats will be removed after 300 seconds. The 
testing period occurs 24 hours after the training period. The procedure is identical, 
except that the rats will not be shocked upon crossing into the darkened chamber. 
V.4.4.7. Other Procedures: 

Nicotine chronic administration and surgical procedure. Nicotine or 
physiologic saline (also used as vehicle for the nicotine solution) is administered via 
Alzet osmotic mini-pumps for one to three weeks. Nicotine solution is made from 
nicotine dihydrochloride or nicotine bitartrate (obtained from Sigma); concentrations are 
expressed as nicotine base. Dosages are calculated based on body weight. 
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·Stras!s 1manip'Ul'ation. l(b)(6) la non-painful "Warri@r Stress Paradigm;' 
to model impending threat of att~t}k in novel environments (Yarnell et al., 2011) based 
on previous studies,j<bl(6f= : = . [e,g., Berget 
2009; Hamilton, 2010; l ong, 2oio; Perry, 2oo9: $tarosc1aK, 20101\b)(s) 

l(b)(6) IHay~~y. Borowski, Merali, & Anisman, 2001: May~rllaff, 2"'""0-06~: ;-w~· ~ill-ile-·r_e_t _al-.,---' 
1987). Predator stress is manipulated by introducing a cotton ball with commercially 
(Purchased synthetic fox urine into a test cage with the rat Unpredictable, non-painful 
-strressors inclue::le noise., f lashing ilight. and cage shaking. The animal Is transferred from 
its home cage to the stress cage with lid. The fox urine (15ml) is absorbed by a large 
cotton ball and placed in varyi,ng spots in the ·stress cage. The procedure is conducted 
in a room separate from the housing room and the behavioral rooms. A bright florescent 
overhead light remains on during the procedure. This procedure lasts 20 minutes. The 
stimuli are presented for 14 days (7 consecutive days, the 3 days of behavioral 
measurements, then 7 additional consecutive days: see table below) in a manner 

1des'igned to minimize habituation of the response. Each manipulation occur-s no fflore 
than once per day. A combination of these stimuli av olds habituation of tile response. 

Tlmeline of Stress Days 

Stress Day Predator Sttess Unpredictable E11ent 

1 Fox Urine (20 1rmn} None 

'2 FO'X Urine 1(10 rm1n) Whistle at 12. 15 & 19 min 

3 Fox Unne {HI min} Coin Shake at 11 . 14, & 17 min 

4 Fo·ic Urine •! 10 !ffllri) Flashing b1gllts at 4~. 16, & 19 min 

5 Fol< Urine {10 rnin) Cige Sfiake at 12. 15, & 18 min 

6 Foic Urine •(10 min) Flashing lights at i2, 16, & 19 min 

7 Fol< Uflne {10 rm1n) Whistle at 11 , 13, 16 & 18 min 

a Fox Ur1in~ ·(i o mlfi) Coin Shake at 12, 16. & 19 min 

9 Fox urine (10 rmm) Flashing Lights al 11, 15. 19 min 

10 Foll Urine (10 imin) Gage Shake al 11. i 4, & 17 min -
11 Foiii Urine (10 min) Coin Shake at 13, 16, & 19 min 

12 Fox Urine (10 min) Whistle at 12. 14. 17min 

13 Fox Urine (10 min) lf"lasliing Lights at 11. 14, 18 min 

14 Fox Ur'lne (10 min) Cage Shake at 12. 15. & 18 min 

Sleep o:isruption. Sleep disruiPtion will be manipulated based on methods 
previous~y usedl(b)(6J l{P~rry, 2009). The natural sl~ep of the rats will be 
tntermittently disrupted by varying high and low frequency environmental sounds (to 
preve·nt habituation) for a iperiod of 14 days. These noises (loud banging, bells, voices, 
shattering glass, vehicular traffic, etc.) are pre-recorded onto a CD and will be 
programmed to play on an hourly loop for 9 total hours of the animals' 12 hour sleep 
period. Sounds will vary from 65 - 80 dB. Total duration of the sounds range from _6 
seconds to approximately 1 minute, Total hourly sound exposure will not exceed 6 
minutes at any time during this s~udy. 
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Body weight, food and liquid c<>nsumptitl>n, Body welSht i.s measured using 
electronic baianc;es pmgra:mmed tiJ 'ti3ke multipl~ weighings within a short period of time 
to acoou1nt for movement artifacfs. Food and liq1uid consumption are calculated by 
weighing food and wa~er on subsequent days. Foods includes standard rodent 
l~bor:atory cht1W (avallable in LAM) ahd sugar-contaliiing foods and solutions to assess 
taste preferences in respons~ to the independent variables. 
V.4.4.8. Th~fhaJ•_ing: 

Some brain samples may be shared with other investigators to perform additional 
assays, 

\1.4.5. Study endpoint: 
The study endpoint is euthanasia in each experiment. Each experiment will oe 

run rn five separate oounter-balanoed cohorts. The timeline below summarizes daily 
activities for each cohort within each experiment. Considering pilot work. time betw~en 
col1orts, and time to run each cohort, each ex15eriment will require about 6 months to 
collect behavioral data and blood samples, Blothemioal assays and data analyses will 
require several additional months per experiment. 

l_ Mon Tues 
-

Week 
Arrive 

1 

-

Week 
1BL OFA 

2 
Bl NSS-R PA Train~ng 

BL HP 

Nie/Sal Nie/Sal 

Week 

ll Stress/NS Stress/NS 

Week Nic/5al Nie/Sal 

4 Stress/NS S'tress/NS 

Nlc/Sai Nit/Sal 

Week 'T2 OFA 
5 T2 NSS· R T2 PA 

T2 HP 
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Timeline for Experiment 1 

Wed Thurs f'ri Sat Sun 

Gent,le Gentle 

OFA 

Gentle ASR Acc:limation 
actlimation ASR 

1 Acclimation 
2 

BLPA Nic;/Sal 
Minipump 

Nie/Sal Nie/Sal 

BL ASR Stress/NS Stress/NS Stres~/NS 

Nit/Sal Nit/Sal Nie/Sal Nie/Sal Nie/Sal 

TlOFA 
Stress/NS Stress/NS Tl NSS·R Tl PA TlASR 

T1 HP 

Nie/Sal Nie/Sal Nic/S:JI Nie/Sal Nie/Sal 

'Stress/NS Stress/NS Stress/NS stress/NS Strnss/NS 

Nie/Sal 

Euthanasia 
T2 ASR 

.22 



11ne1ne - ,. Exoeriment 2 n r fo 

L_ Mon Tues Wed Thurs Fri Set Sun -

Gentle Gentle 

Wtrek 
or:A 

1 
Arrive Gentle ASR Acclimation 

acclimation 1 ASR 
I Accllmation 2 

Week 
BLOFA Bb PA caf/Sal Cat/Sal Gaf/Sal 

106 NSS0.R 
l 

PA Training 
Bl HP BLASR Stress/NS Stress/NS Stress/NS 

Caf/sal Caf/Sal caf/Sal caf/Sal Caf/)Cll Caf/Sal caf/Sal 
Week TlOFA 

3 Stress/NS Stress/NS Stress/NS Stress/NS Tl NSS-R Tl PA TlASR 
TlHP 

Week Caf/S.JI caf/sal Caf/Sal C..if/Sal Caf/Sill Caf/Sal Cir/Sill 
4 Stress/NS Stress/NS Strn5s/N$ Strem/NS Stress/NS Stress/NS Stress/NS 

Cat/Sal CaffSal eaf/Sal 

Wiiek i2 OFA 
EUthana5la 

5 12 NSS·R T2PA T2 ASR 
T2 HP 

Gentling involves 2 - 3 minutes of gentle handling 
ASR1PPI = acoustk startle reflex with and without pre~pulse inhibition 
ASR aocllmaticrn entails putting rat in ASR chamber for 15 min without taking 
measurements. 
10FA ac-cllmation entails puuing rat in open field activity (OFA) chamber tor 60 min 
without taking measurements. 
19L =baseline (i.e., pre.nicotine/caffeine) measurements 
INSS·R = Neurobe!havioral Severity Scale·Revised 
HP= hot plate noch;eption measure 
1F'A Training entails putting rat in the pass1ve avoidance (PA) box for up to 5 minutes or 
until 'they cross to lthe other side of the chamber 
Nicotine admin = minipump implantation to deliver nicotine or saline continuously 
throughout Exp. 1 
Nie:: Nicotine 
Safi = Salline 
Caf = Caffeine 
Stress= eitlher :20 min/day of Warrior Stress Paradigm to half of the subjects in each 
experiment and/or sounds playing for 9 out of 12 of animals' sleep period to half of the 
subjects in each experiment 

V.4.6. Euthanasia: 
Rats will be euthanized using carbon dioxide inhalation from a compressed gas 

cylinder. Euthariasia will rbe done in a I.AM designated procedure room followed by 
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rapid decapitatioh by guUlotine. This euthanasia procedure is in compliance with the 
2013 AVMA Guidelines on l::uthanasia. 

V .5. Veterinary Care~ 
V .5 .1. Hus ba net rv C..n_n_sJ_d_et~JJu_ns~ 

E){cept as noted below. routine animal husbandry will be provided in accordance 
with LAM Husbandry SOPs for each species in this protocol. 
V.5.1 .1. StJJ.ay_Room: 

Building(s) ... 116_116_> _____ __.I Room Numberls) l<b)(6) 
f b)(6) 

v .5.1.2. s_pe_cial Husbandry Provisions: Animals will be single housed 

E.o_o_d_Rie.s_tti~1i Oi"I : Yes No x 

Fluid Restriction: Yes No x 
V.5.1.3. ,EXGt:gUans_: NIA 

v .5.2. \1etorinary Medical Caro; 
V.5.2.1. Routine Ve_terinary Medi~I Care: 

Animals will be observed and cared for by the Center for LAM veterinary 
technicians and veterinarians according to USUHS Center for LAM SOPs. Animals will 
be monitored for health, human treatment and husbandry considerations twice daily by 
LAM personnel during routine weekday rounds and at least once daily on 
weekends/holidays. This is in addition to, and not in place of. the monitoring that is 
done by the principal investigator and their staff. In the event of a debilitating illness or 
adverse reaction, the decision to treat or euthanize an animal will be made by either the 
veterinarian andfor the principal investigator. 

V.5.2.2. Em_e_tQeJ:LCY V1eJerinarv Medical Care: 
All emergency, weekend, and holiday care is provided by two animal husbandry 

technicians, one or more veterinary technicjans, and an on-call veterinarian. Essential 
husbandry procedures and health rounds are conducted by LAM personnel once daily 
during weekend and holidays. In the icase of an emergency health problem. If the 
responsible person (e.g. investigator) is not available or if the investigator and veterinary 
staff cannot reach consensus on treatment. the veterinarian has the authority to treat 
the animal, remove it from the experiment. institute appropriate measures to relieve 
severe pain or distress, 1or perform euthanasia as necessary. 

V .5.3. EnvironmentaLEn_dthment: 
'V .5.3.1. Entithment Strategy: 

Animals will be single housed without toys because these experiments are 
designed to determine effects of several interventions Enrichment i1self attenuates 
effects of injury as reported b')f61(6) kElliott & Grunberg, 2005). 
V.5.3.2. Enrichment Restrictions : 

Animals will be single housed without toys to assess effects of stress. nicotine, 
and caffeine. Enrichment would interfere with the specific aims of this research project. 
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VI. STUQJf_e_ERSONNEIL _OU_ALJilGAllONS AND TRA~INl~G: 
STUDY PERSONNEL QUALIFICATIONS/TRAINING 

I Personnel Procedur~ 
(O)(tl) Animal Handlihg 

On.1g Administration 

surgical imp1snt of 
Osmotic Mini~pumps 

Beh~viorar Measures 

Biotog!cal sarnple 
collection 
Anestt'letlzed 
becapitatlon 

\0)(6) I Animal Handling 

Drug Administration 

Surgical Implant of 
Osmotic Mlni•oumos 
Be11avlora1 Measures 

Biological sample 
collection 
Anesthetized 
Dec:acitation 

1(0)(6) Animal Handling 

Drug Administration 

Surglcal Implant of 
Osmotic Mini-oumos 
Behavloral Measures 

Biological sample 
co1:1ectlon 
Anesthetized 
Decapitation 

O)(o) Animal Handling 

Drug Administration 

Surglcai Implant of 
Osmotic Mlni-oumos 
Behavioral Measures 
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Qualifications/iraining 
USIJHS lnvest1g~tor ir:tirting and Animal Hanaling 
courses (.Several :sessions. lnclutling sessions in 1980 
and in early 1990s}; NIHINIMH tralnlfi{} courses 
(several \n mid 19e0s): > 30 years experience with 
rats ano OtMr rodents 
USUHS lnv@stigator Training aM Animal Handling 
courses: NIH/NiMH training courses: > 30 years 
experience with tats ~na otnef rodents 
NIH/NIMH training courses, > 30 years experience 
with rats and other rodehts; 1200+ surgeries 
performed 
NIH/NlMH training courses: :> j() years experience 
vlith rats and other rodents 
NiH/NIMH training courses; > JO years experience 
with rats and other rodents 
NiH/NIMH ttalnlng courses: 25"' years e·xperlence with 
rats· 1000+ deeaoltatlons performe~ 
USUHS lnvestlgatof Training {Summer, 2009) and 
Animal Handling course (July, 2009~· 5 years 
expenenee with rats; training oy Ori 6)(6) ~lid lab 
personnel 
USUHS Investigator Train!na_and_Anlmal Handling 
courses; trainlno bv Dr~101 l and lab personnel 
Training by Or11u11°1 m11u ltJU pf!fSOnnel: 2 )'i:!!JltS 
e.xoerience with rats· 
Training by tJrllt>)(tiJ 1ana lab personnel; 5 years 
eXJ:lerlence wltn F.its -

Training by 01 1u1(0J 1 ~md lab personnel; 5 years 
e><perienee w1 ·~ 

Training by Or i(D)\0) bnd lab personnel 

USUHS lnvest\gator Training ~M Animal Hancll1ng 
courses (Fall, 201 O\ • 4· vears experience with rats: 
trsinlna bv DrJfu1101 tma iab oersonnel 
USUHS Investigator Training and Animal Handling 
courses: train'ng by Drtlu1~01 I and lab personnel 
Training by Dr lOJ\O/ pno 1ao personnel; 1 year 
exoerience wit 1 rats 
Traf nlng by D (0}\01 t:ind lab personnel; 4 years 
Gxperience witn rats 
Training by Dr (b){6) l and lab personnel; 4 years 
exoerience with rats 
Training by OrJb)(6) 1and lab personnel 

USUHS invest\gator Training (Fall, 2010) and Animal 
Handling course (Fall 2010)· -4 years experience with 
rats: training bv Drll011°1 land lab eersonr'\el 
USUHS Investigator l raining and Animal Handling 
courses: training by Dqlu1(0J 1 and lab personnel 
Training by Or.l(tl){t>) 1ana 1<10 personnel, 1 year 
experience w'tth rats 
Training by Drl\u11°1 land lab personnel: 4 years 
experience with r,ats 
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Biological sample 
colleotion 
Anesthetized 
Decaoitation 

(b)(6) Animal Handling 

Drug Administration 

Surgical Implant of 
Osmotic Mini-pumps 
Benavioral Measures 

B1ological sample 
collection 
Anesthetized 
Decapitation 

10)(6) Animal Handling 

Drug Administration 

Surgical Implant of 
Osmotic Minl-oumcs 
Behavioral Measures 

Biologleai sample 
c0Uect1on 
Anesthetized 
Decaoitatlon 

(O)(l'l) Animal Handling 

Dru!;j Administration 

Surglcai Implant of 
Osmolrc Mini·i>Umos 
Behavioral Measures 

6iologlca1 sample 
collection 
Anesthetized 
Oecaoltatkm 

(b)(ti) Animal Handling 

Drug Administration 

Surglc"31 Implant of 
Osmotic Min1-oumps 
Behavioral Measures 

Biological sample 
collection 
Anesthetized 
Decapitation 

USU HS Form 3206 - Revised October 2008 
Previous versions are obsolete 

T ra1mng by Or. (b)(6l la:nd lab pe~sonne~: 4 years 
experience witn irats 
Training by Dr l!b}(6) l,3;nd lab personne~ 

USUHS Investigator Training {Fall. 2011) and A111ima~ 
Handling course (lFia~I. 2011 ~: 3 years <experJence with 
rats; trainina bv !Or l\b)(6) i3111d tab oersonnel 
USUHS Investigator Trarnjrno arrnd Animal Handling 
courses: train1no bv IDr llD)ltiJ I and lab oersrormel 
T raimng by Dr b}(6) 1ano11a10 personne~: 1 y.ea:r 
exoerience witn irats 
Training by Or l(b)(6) 
exoerience with :rats 

~ind IJab personne~: 3 ye.airs 

Training t>y Dr (b)\6) la1nd lab perscnne~: 3 ye.ars 
exoerience with rrats 
Training by Or . l(bX~i ~rnd llab pe:rsonne~ 

USUHS lnvestlgator Trarning {fall, 2012) and A1mma~ 
Handling course (lFialll, 2012), .2 years e)cperienoe wUlh 
rats trainlna b~ 1Dr l(f5):~) land la1b eersonnel 
USUHS lnvestiga~or rarnma .amd ArolmaJ l-!all\ldllng 
courses trainln,0 bv :orl(b)(6} l and lab personnel 
Training by Dr11a,1(0) lafldlal:l pe:rsonnell, n yearr 
exoerlence with 1rat-s 
Training by Dr (b)\6} ~nd lab tperrsormea: 2 ye.ans 
el<cenence with irat,s 
TraininQ by Dr (b)(El} land iab 1perrsonnefl: 2 years 
exoerience wit rrats 
'Training by D (O)\til ~n'a lab 1p~rson'fie'I 

LJSUH'S lrwestigalor Trv.!iftin·g {IF' alt, 2013} ain'd :Animal 
Handlit19 course 1! Fan. 2013); lr? 1ear e)(pe1r1i·er1oe with 
rats· trair11no bv Q ,r.110)(61 end ~ab oersonneil 
USU HS lnvestig--ator 1f l;3l11liM and .Anima'I H~rn'd l\1n9 
Gelurses· trairtlna bll Dr.l(bf\SJ l \\lmd lab 1oersotw1e11 
Training by Dr ib)(6) land lab personnei 

iraining l:>y Dr <b)(G) 
exoerience wito u .. L,, 

l M ~alb personnel; Y2 year 

Tralnlng by Dr. !bJIG} - rnd ~a'b personne~', 14 yea~ 
exoerience wltn rrats 
Training by Drl!bJf~J land ~:a tl [Perrsonn'e~ 

USU HS Investigator lfira1 ni~9 (rFalt '2013) a1flld Allimal 
Handling course i(Fal\. W~J~: V,; year experience wlttil 
rats; trainina bv Or.l(b>f6) l afld lab ce:rsonne'I 
llSUHS lnvestig:ato.r 1 ~allil11i10 and .Animal Handilng 
courses. tralnin;a bv lllr.110111'.)J l;<ind lab Dersoinrnel 
'Tr:3ining by Or (b)(6) larnd llab rP'errsonne~ 

Training by DrJ<011°1 hnd lab personnel; Yz year 
experience witrn rats 
Training by Orl(b)ltiJ rnd iab personnel; ~ year 
e.xoerience with 1ra~s 
Training by o (b)t6l larnd aab tpe1rsornne~ 
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(0)(6) Animal Handling USU HS Investigator Training (Fall, 2013) and Animal 
Handling course (Fall 2013): Y:. year experience with 
rats: training by Dr,l !D)(UJ I and lab personnel 

Drug Administration USU HS Investigator Tr::iinina and Animal Handling 
courses, trainfno by Or.J\0Jl6J I and lab oersonnel 

Surgical Implant of 
Osmotic Mini-pumps 

Training by Dr.~oJ\l:)) nd lab personnel 
-

Behavioral Measures Training by Dr. (O)(t>) I and lac personnel; Y:. year 
experience wit1 1 raTs 

B1ologlcal sample Training by Dr. 1101(0) land lab personnel. Y:. year 
collection experience with r::1 rc:. 
Anesthetized Training by Dr (DJ<5> land lab personnel 
Decaoltation 

l0J(6) Animal Handling USUHS Investigator Training (Spring, 2010) and 
Animal Handling (Spring, 2010) co{Ji

6
) : 4 vrrs 

experience with rats; training by Dr l and lab 
personnel 

Drug Administration USU HS Investigator Training and Animal Handling 
courses· traininq bv Dr.1<01101 land lab oersonnel 

Surgical Implant of Training by Dr Grunberg ana rao personnel 
Osmotic Min1-oumps 
Behavioral Measures Training by Dr.1101101 land lab personnel; 4 years 

experience with rats 
Biological sample Training by Dr.1101loJ 1and lab personnel; 4 years 
collection exoerience wit , '"''~ 
Anesthetized Training by 0 t (O)(lj) p nd lab personnel 
DeeaoltatlM 

(01\0} Animal Handling USUHS Investigator Training (Spring, 2011) and 
Animal Handling (Spring, 2011) courses, training by 
DrJ(o)101 I and lab oersonnel 

Drug Administration USUHS Investigator Training and Animal Handling 
courses, traimnQ bv DrJ(DXDJ I and lab oersonnel 

Surgical Implant of Training by Dr Grunberg and lab personnel 
Osmotic Mini-pumps 
Behavioral Measures Training by Or.~u1(t>) I and lab personnel; 3 years 

ex2erience with rats 
B1ologlcal sample Training by Drf oJlOJ I and lab personnel, 3 years 
collection exoerience witn rats 
Anesthetized Training by Dr (oxo1 ~nd lab personnel 
Decaoitation 

VII. BIOHAZARDS/SAFETY: 
When lab personnel work with nicotine, personnel wear lab coats, two layers of 

gloves, a mask, and protective eye wear. When personnel work with anesthetic vapors, 
personnel wear protective masks. All laboratory personnel wear laboratory coats, 
gloves , and masks when working with animals. 

VIII. ENCLOSURES: NIA 
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IX, ASSURANCES; 
As the Principal l nvest~gator on this protocol1 I acknowledge my responslbillties and 
provide 'as~u:ranc:es for the ·follClwlng: 

A. An~mal Use; The animals authorized tor use in this protocof wili be used 
only in the .activities and in the manner described herein, unless a modification is 
specifically approved by the IACUC prior to its implementation. 

8. Duplication of Effort: I have made a reasonable, good faith effort to 
ensure that this protocol is not an tblnneoessary duplication of previous experiments. 

c. Statislic·a' Assutance: I assure that I have consulted with an individual 
who is qualified to ev~luate the stati~tical design or strategy of this proposal. and that 
the ;'minimum numbet of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
cooraination regarding all applieable rules and regulations concerning radiation 
pirotection, biosafety, irecombimmt issues, and so forth , in the preparation of this 
p1rotocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations J observations described in this protocol .are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the anbnals as a result of the procedures I manipulations, 

IF. Training~ 11 verify that I have attended the USUHS hwestigator/Animal User 
T. I ' 

G. Trnining~ The following personnel will attend the next USUHS 
lrnvestigato:rlAnimal User Training Course: 

N/A 

H. Responsibility: I acknowledge the inherent moral, etnieal and administrative 
obligations ass1ociated wdth the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well~being of 'tl'le research animals .. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R'1 that the 000 has embraced, namely; 
"Responsibillity'' for implementing animal use alternatives where feasible and conducting 
huma~~Uiil.Wl..LL.J;lililfl~.;.Lb~....., 
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Princirpal Investigator Sighatut~ 

I. Painfiul Procedure(s): 

11 am conducting biomedical experiments which may potentially cause more than 
mtr · ntary 1or slight pain or distress to animals. This potential pain and/or distress 
m .. L 'f WILL NOi be relieved with the use of anesthetics, analgesics and/or 

t~nt:i . illi~ers. I have considered alternatives to such procedures: however, using the 
methods and souroes described in the protocol, I ha.\le determined that alternative 
proced (b) · · -e objectives of this µropose.d experiment. 
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X. PROTOCOl.. ABSTRACT: 

A. Animal Protocol Number: l.'.6_><
5
_> ____ _.. 

B. Animall PrtJtocol Title; Behavioral investigations of nicotine and caffeine 
in rats (Rattus norvegicus) 

c. P1rincipal lnv,stig,1t~rr: r ><6l IPh.D. 

D. Performin~g Otru1niz,atlon ; Uniformed Services University of the Health 
Sciences 

E. Funding: USUHS 

F. Obi~ amLA;pm®h: 
Stress is a pervasive experience that affects behaviors. cognitions, and biological 
responses. Insufficient sleep is a particularly aisruptive stressot that is experienced by 
d vilians and Warriors. Threat of attack also ls a stressor that is commonly experienced 
by Warriors. Nicotine and caffeine are legal drugs that are used by many civilians and 
service members. These drugs are often consumed during stressful situations. Each of 
the~se variables (Le., insufficient sleep, th(eat of attack, nicotine. and caffeine) alone can 
have psychological effects (on behavior and cognition). It is important to examine if 
nicotine or caffeine use alters psychological effects of stress - either potentiating or 
,attenuating effects of stressors. The e.xperiments described in this application use a 
rodent model of Warrior 'Stress and sleep disruption to determine how psychological 
responses to stress are altered by nicotine or caffeine administration in male and female 
rats. The behaviors assessed include motor responses (to index anxiety, depression, 
.and learning), sensorimotor (including reflexes and nociception), and cognitive 
responses (including attention, memory, learning). Bloott samples will be assessed fot 
stress hormones (corticosterone). It is hypothesized that the stressors will deleteriously 
affect the measured behaviors; nicotine will attenuate these effects; caffeine will 
potentiate these effects.; and females will be more sensitive than males to the effects of 
stress, nicotine, and caffeine. 

G. lnd_exlrn_g Torms (Oescrlptor_s_): 
Stress. nicotine. caffeine, behavioral responses of rats to stress, nicotine, caffeine, 
behavioral responses in rats, tobacco, 
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ANIMAL PROTOCOL NUMBER:! .... cb_><
5_l __ ____. 

PRINCIPAL INVESTIGATOR: "-fb_)ls_> ___ ..... 

ANIMAL PROTOCOL TITLE: Phenserine, an acetytcholinesterase inhibitor with 
possible neuroprotective efficacy against soman~induced neuropatt'lology in male 
Sprague-Dawtey rats 

GBANLJJILE fif dlf!er_ent from aboya): Phenserine, an acetylcholinesterase inhibitor 
with possible neuroprotective efficacy against soman-induced neuropathology 

USUHS PROJECT NUMBER: 

TECHNICIANSCS): NIA 

I. NON-TECHNICAL SYNOPSIS: Nerve agents cause mass casualties and are a 
threat to military and civilian populations. Nerve agents inactivate acetylcholinesterase, 
an enzyme that breaKs down acetylcholine. Inactivation of acetylcnolinesterase leads 
to the accumulation of acetylcholine in synapses and results in the overactivation of 
muscarinic and nlcotinic acet)tlcholine receptors in the brain and periphery. 
Acetytcholine is an excitatory neurotransmitter in the brain. Accumulation of 
acetylcholine in synapses causes status epilepticus via the overactivation of muscarinic 
type .acetylcholine receptors. Status epilepticus is a dangerous complication of nerve 
agent exposure that can lead to brain damage. The muscarinic antagonist. atropine, is 
effective in controlling the seizures but only if given w ithin several minutes after onset of 
status epilepticus. Diazepam, an anti-convulsant, is efficacious if given within minutes 
after onset of status epilepticus. Exposure to nerve agents produces rapid inactivation 
and "agingR of acetylcholinesterase. Aging results in an irreversible bond between 
agent and the enzyme and results in irreversible inhibition of acetylcholinesterase. 
Because of the rapid onset and nature of the nerve agent-enzyme reaction, 
neuroprotective agents are needed to reduce brain damage and improve outcome. 

11. BACKGROUND: 

11.1. Background: 
The organophosphorus nerve agents. sarin, soman. VX. and tabun are among the most 
lethal chemical weapons ever developed by man. Some of these agents were used in 
wars and more recently in terrorist attacks in Japan in the early 1990s. The possibility 
that the warfightar will be exposed to nerve agents and the possibility of another terrorist 
attack underscore the required need to develop effective and safe countermeasures 
against nerve agents. 

The major mechanism of acute nerve agent toxicity is the irreversible if'lll i!Jition 
of acetylcholinesterase (AChE). This enzyme degrades the neurotransmitter 
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acetylcholine. When AchE is inhibited, excessive levels of acetylcholine (Ach) 
accumulate in the synaptic cleft leading to progression of toxic signs including a 
muscarinic receptor activation syndrome consisting of hypersecretions, miosis, profuse 
sweating, diarrhea, bradycardia, hypotension and bronchoconstriction. Central nervous 
system-related effects include: anxiety, confusion, ataxia, seizures, cardiorespiratory 
paralysis, and coma. 

The current therapeutic strategies to reduce nerve agent toxicity include atropine, an 
anti-cholinergic drug that reduces the muscarinic receptor activation syndrome, an 
oxime, compounds that reactivate nerve agent inhibited AChE and a benzodiazepine, 
drugs that effectively control nerve agent-induced convulsions when given soon after 
seizure initiation. Because of the limitations of these treatments, alternative therapies 
that combine with current therapies have been sought to provide greater survival, 
protection of the brain against nerve agents and improved functional outcome. 

Phenserine is a reversible AChE inhibitor that was synthesized on the physostigmine 
backbone. By virtue of its phenyl group, phenserine is more lipophilic compared to 
physostigmine. Phenserine readily and preferentially enters the brain following its 
systemic administration and achieves levels that are 10-fold higher than concomitant 
levels in plasma. Phenserine selectively inhibits AChE in plasma and brain and has a 
minimal effect on butyrylcholinesterase (BChE). Phenserine is dramatically less acutely 
toxic than is physostigmine and is safe. An additional feature of phenserine, that is not 
available for huperzine A, galantamine or similar anticholinesterases, is that phenserine 
has a chiral center and naturally exists in the active form as (-)-phenserine. Phenserine 
entered Phase Ill trials for the treatment of Alzheimer's Disease and is well tolerated ( 1-
5). Recently, phenserine has been formulated for transdermal application and has been 
tested in animals (6). 

Phenserine has been used in over 1,000 Alzheimer patients and the drug is well
tolerated. Memory testing showed significant improvement in a test for short-term 
memory. A four week trial of phenserine in Alzheimer patient showed improvement on 
Alzheimer's Disease Assessment Scale-cognitive Subscale and on Clinically Interview
based Impression of Change but the results never did reach statistical significance. The 
reasons for pointing out these studies is to demonstrate that this compound is ready for 
translational neuroscience in that it can be readily and rapidty brought to the warfighter if 
neuroprotective efficacy is established. 

Huperzine A, a reversible AChE inhibitor that crosses the blood brain barrier, protects 
against soman-induced convulsions and the neuropathological changes in the 
hippocampus. The efficacy of huperzine A appears to be primarily related to the 
selectivity of huperzlne A for peripheral AChE which preserves scavenger capacity 
of plasma butyrylcholinesterases (BChE) for nerve agents and to the protection 
conferred by huperzine A on cerebral AChE. Thus, efficacy of huperzine A seems 
to be related to a protection of both peripheral and central stores of AChE. In a 
similar fashion, phenserine has a 1O:1 brain to plasma ratio and selectively binds to 
acetylcholinesterase. By selectively inhibiting acetylcholinesterase, phenserine protects 
acetylcholinesterase and butyrylcholinesterase (BChE) is free to bind nerve agent. 
In so doing, BChE acts as a chemical sponge (scavenger) to reduce the amount of 
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nerve agent available for binding to AChE. Thus, efficacy by phenserine may relate to 
protection of both peripheral and central stores of AChE. 

11.2. Literature Search for Duplication: 

11.2.1. Llttrature Source(s) Searched: PubMed, DTIC, Crisp, Texline, BRD 

11.2.2. QijJe of Search: November 27, 2012 

11.2.3. Period of Search: 1980-2012 

11.2.4. tyty Word1 and Search Strategy: phenserine, soman, rat, hippocampus, neNe 
agent. 

11.2.5. Results of Search: 

November 27, 2012 

Toxline: 500 references on soman and effects in vivo. No references on the possible 
neuroprotective effect of phenserine against soman. 
Crisp: 17 grants but none deal with phenserine and soman. 
BRO: no hits 
PubMed: No hits 
No duplication of this proposal. 

Ill. Oa,JECTIVE\HYPOTHESIS: The long-term objective is to develop an effective 
combinatorial drug regimen to maximize neuronal survival and tunctional outcome 
against soman-induced neuropathology. We believe there is a high likelihood of 
achieving a higher level of neuroprotection and improved functional outcome by 
targeting different pathways that are involved in soman-induced brain damage. 

(+Phenserine has properties similar to huperzine A and these properties make it an 
attractive candidate drug to protect against soman-induced seizures and brain damage. 
An additional feature of phenserine. that is not available for Hyperzine A, galantamine 
and similar anticholinesterases, is that phenserine has a chiral center and naturally 
exists as the (-)-enantiomeric form as (-)-phenserine. This is the chirally pure form 
that has anticholinesterase activity that moved into phase Ill clinical assessment in 
Alzheimer's disease and is the basis for the proposed work. 

Only one study exists in the literature which shows neuroprotective efficacy by 
Huperzine A in the hippocampus of guinea pigs following soman injection. \/Vhether 
Huperzine A protects against soman-induced damage in other vulnerable brain regions 
is unknown. In this proposal, we will test the neuroprotective efficacy of (-)-phenserine 
and compare the results to (+)~phenserine which lacks anticholinesterase activity and 
is utilized as a pharmacological tool to determine whether actions by (-)-phenserine to 
protect the brain against soman are due to anticholinesterase inhibition or some other 
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mechanism. 

IV. MILITARY RELEVANCE: The neurological effects of chemical weapons on the 
performance and operations of our military would be devastating. This is, in fact, a 
major goal of the terrorists. They want to cripple the military at a sufficient level and long 
enough so that when the levels of the chemical weapons are no longer toxic the 
terrorists can penetrate into and destroy military facilities, equipment and soldiers. 

V. MAil;RIALS AND MEIHOPS: 

V.1. Experjmental Design and General Procedures: 

V .1.1. experiment 1: To test a dose and time course of neuroprotectlve efficacy 
of (-)-phenserlne as a pretreatment strategy (-)-Phenserine selectively inhibits AChE 
and has a minimal effect on BChE in plasma and brain. (+Phenserine achieves a 10-
fold higher level in brain compared to plasma, and (-)-phenserine is safe and has fewer 
side effects than physostigmine. 

We have data suggesting that pretreatment of (-)-phenserine at a dose of 1 mg/l<:g iv 
is neuroprotective against soman-induced brain damage. Percent neuroprotection 
for each of the four vulnerable brain regions are: amygdala (50), piriforrn cortex (48), 
hippocampus (85) and prefrontal cortex (45). The results are significant but we don't 
know where the 1 mg/kg dose is on the neuroprotection curve. It is possible that a 
lower dose may achieve similar levels of neuroprotection. Since dose selection is of 
utmost importance to maximize brain protection and minimize side effects in humans 
exposed to nerve agents, the proposed experiments set out to determine levels of 
neuroprotection using two additional pretreatment doses of (-)-phenserine (0.3 and 3 
mg/kg iv) using the same two time points (30 min and 4 hours) proposed in the grant 
proposal (30 min and 4 hours). All three doses (0.3, 1, 3 mg/kg, iv) will be considered as 
part of the original protocol. 

Phenserine-preconditioned rats (male, Sprague-Dawley 250-300 gm) will be 
intravenously injected with the active stereoisomer of phenserine [(-)-phenserine) or 
the inactive isomer of phenserine [(+)-phenserine) (0.3 and 3 mg/kg) 4 hours or 30 
min before nerve agent. Rats receiving nerve agent will be injected with the oxime Hl-
6 (125 mg/kg, ip) and 30 min later will receive soman (180 uglkg, sc) and post-exposure 
treatment with atropine (2 mg/kg, im, 1 min after soman im). These treatments, Hl-6 
(125 mg/kg, ip) and 30 min later soman (180 ug/kg, sc) and post-exposure treatment 
with atropine (2 mg/kg, im) 1 min after soman, have been shown to reliably produce 
electrographic seizure activity within approximately10 min. Rats are allowed to seize for 
40 min and then treated with 1 O mg/kg, im, diazepam to stop/attenuate the seizures. 
There will be 10 rats/group in an attempt to get at least 6 survivors/soman-exposure 
group (Table 1-2) 

Table 1: Phensertne Pretreatment Groups and Group Sizes for Experiment 1 

Treatment Hl..e 30 min 
on. Form 3206 FfiQRlldtmlD,zoos 
Previous versions ar aUdipine 1 min 

Diam am 40 min 
Group 1 Hl-6-tSoman-tatropine-tseizure 
Adult Male Rats ~diazepam 

reatmant( a 
before selzun:i 
onset) 

(-}-phenserine 
(JO min) 

e Pain 
Category 

20 Male Rats (10 for E 
each dose} 



Table 2: Control groups - No Soman Exposure and Group Sizes for Experiment 1 
Treatment Group Hl4130mln Treatment (Time Group Size Pain 

Saline O min, before Saline Category 
Atropine 1 min Injection) 
OlazeDam 40 min 

Group 5 Hl-6->Saline->atropine (-)-phenserine (30 12 Male Rats (6 for c 
Adult Male Rats ~Diazepam min) each dose) 

Group 6 Hl-0->Saline ->atropine (+)-phenserine (30 12 Male Rats (6for c 
Adult Male Rats ->diazepam min) each dose) 

Group 7 Hl-6-+Saline -+atropine (-)-phenserine (4 hJ 12 Male Rats (6 for c 
Adult Male Rabi ->diazepam each dose) 

Group S Hl-e->Saline ->atropine (+)-phenserine (4 h) 12 Male Rats (6 for c 
Adult Male Rats ->diazeoam each dosel 
TOTAL 48 MaleRata 48C 

Table 3: Control groups - Soman Exposure No Treatment and Group Sizes for 
Experiment 1 
Treatment Group Hl41 JO min Saline (Time before Group Size Pain 

SomanOmln, seizure onset) Category 
Atropine 1 min 
Dlazepam 40 min 

Group 9 Hl-6->Soman->atropine-+ Saline (30 min) 20 Male Rats (10 for E 
Adult Male Rats seizure->diazecam each dosel 
Group 10 H 1-EHSoman-i'atropine.+ Saline (4 h) 20 Male Rats ( 10 for E 
Adult Male Rats seizure 'diazeoam each dose) 
TOTAL 40 Male Rats 40E 

We wlll weigh all animals and determine the survival rate of all animals just before 
perfusion. 

Rats will be perfused 24 hours after soman injection, perfused and brains fixed. Brain 
sections will be made on a cryostat and placed on slides. Alternate slides will be stained 
with cresyl violet and fluoroJade C. Animal survival in all groups will be recorded just 
prior to the animals being perfused. 

V.1.2. Experiment 2: To test the neuroprotective efficacy of (-)-phenserlne as a 
treatment strategy. H-Phenserine-treatment rats (male, Sprague-Dawley 250-300 gm) 
will be intravenously injected with the active stereoisomer of phenserine [(-)-phenserine] 
or the inactive stereoisomer of phenserine {(+)-phenserine] (0.3 or 3 mg/kg) either 5 min 
or 30 min after soman injection. Rats receiving nerve agent wiU be injected with the 
oxime Hl-6 (125 mg/kg, ip) and 30 min later will receive soman (160 ug/kg, sc) and post
exposure treatment with atropine (AMN, 2 mg/kg, im) 1 min after soman. Rats are 
allowed to seize for 40 min and then treated with diazepam (10 mg/kg, im) to stop/ 
attenuate the seizures. 

Treatment Hl-630mln Treatment (Time Group Size Pain 
~Foon3206- i=;rPatPlnK,2008 after seizure Category 

s versions a" fne1 min onset) 
Dlazenam 40 min 

Group 11 Hl-6.+Soman->atropine-+seizure (-)-phenserine (5 20 Male Rats ( 10 for E 
Adult Male Rats .+diazepam min) eaeh dose) 



Table 4. Phtnaerine Treatment Groups and Group Sizes for Experiment 2. 

Table 5. Control Groups No Soman ExPosure and Group Sizes for Experiment 2 
TrwatrHnt GIOtlp Hl-elOmln TMatrMnt (TITM GrcsupSlz• Pail'! 

Salin• O min, att.r Saline Category 
Atropine 1 min Injection) 
Olauoam 40 mln 

Group 15 Hl-6-+Saline ~atropine (-)..phenserine (5 min) 12 Male Ra1s (6 for c 
Adult Male Rats ~Olazepam each dose) 

Group 16 Hl-O~Saline -+atropine (+}i)henserlne (5 12 Male Rats (6 for c 
Aduit Male Rats ~diazepam min) eacn dose) 

Group '17 H1=6-+Saline -hirQfline H=Phenserine (30 12 Male Rats (6 for c 
Adult Male Rats ~dlazepam min) each dose) 
Group 18 Hl-S~Slllit'IB -+Atropine (• }.phenserine (30 12 Mila Rl bl {6 ftlf 0 
Adult Mlle Rats ~azeoam mini Heh don) 
TOTAL Cl Male Rats 4&C 

Control groups -Soman Expo1ura No Treatment and Group Sizes for Experiment 1 

Treatment Grou1 HI_. 30 inln Sailn1 (Time aftllr Group Size Pain 
Som1n II min, seliu,. omiet) Cnagory 
Atroplllt 1 min 
Oluepam 40 min 

'GrOu'P 19 Hl-O~Soman ~atropine-+ Saline (5 min) 20 Male Riltll ( 1 O for E 
Adult Male Rats seizure-+di&eoam eadl dose\ 
Group 20 Hl-O~Soman~atropine-+ Saline (30 min) 20 Male Ra~ ( 10 for E 
Aduh Male Rais ae iiu re-+diaz.-e1>a m each dosel 
lO'rAL. 40M110 Rlt. 4Q i; 

METHODS 

Chemicals. (-)-Phenserine and (+)-phenserine are provided by Or .. ""lt

6
_l<_

5
) ___ _, 

All other (eagents e>Ccept soma11 will be purchased from commercial sources or 
as indicated Soman. atropine. Hl-6, and diazepam will be supplied by Dr ..... llb_l<6_> _....i 

11bH6l ~t the institute of Chemical Defense. 

Drug treatments. (·)-Phensefine and (+)-phenseril'le will be freshly prepared on the 
day of experimentation. Phenserine readily dissolves in physiological saline and an 
appropriate working stock concentration wiU be used for injection purposes for a final 
doses of 0.3 and 3 mgJkg IV. 

Tr&atm1nt and pretreatment procedure (Experiments 1 ·2). Phenserine-treated rats 
will be intravenously injected into the jugular vein by an indweUing catheter as a bolus 
with (-)..phenserine or (1-)-phenserine prior to (Specific Aim 1) or after (Specific Aim 2) 
soman challenge. Saline-injected animals will be treated in an identical manner and will 
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be used as controls for the treatment and pretreatment group. 

Interval from catheterization to soman injection. The interval from catherization to 
injection of soman is standardized. 

Rats will be euthanized at 24 hours after injection of soman (Specific Aims 1, 2). 

V.2. Dgta Analxsis: Values from experimental and control groups are averaged and 
compared using analysis of variance (p<0.05 to reject the null hypothesis that the group 
means were equal). Post hoc analyses will use the Tu key test for multiple group 
comparison. A sample size of ten animals per group will have 80% power to detect 
differences between groups of 1.8 standard deviations, based on one-way ANOVAwith 
Tukey's post-hoc multiple comparisons among 10 group means with a 5%, two-sided 
significance level. Even with death of four animals per group, a sample size of six 
animals per group will have 80% power to detect differences between groups of 2.4 
standard deviations, based on one-way ANOVA with Tukey's post-hoc multiple 
comparisons among 10 group means with a 5%, two-sided significance level. For the 
categorical outcome of mortality, the Fisher exact test has 80% power to detect a 
significant difference between groups when the mortality is at least 85% in one group 
compared with no more than 15% in the second group, based on a 5% two-sided 
significance level with ten animals per group. 

V.3. Laboratorv Animals Required and Justjficatlon: Chemical warlare agents or 
nerve agents are some of the most lethal compounds known to mankind. Nerve agents 
induce severe seizures, brain damage and death. Anticholinergic drugs are only 
effective if given within 5 minutes after the initiation of seizures. Thus, these agents 
have limited value in protecting the brain against nerve agent-induced seizures. 
Therefore, efficacious drugs are needed to reduce brain damage and Improve outcome. 
Phenserine is a reversible acetylcholinesterase inhibitor that has a high brain to 
periphery penetration. Our goat is to determine whether phenserine protects vulnerable 
neurons against soman-induced brain damage. Because we are studying cellular 
mechanisms and responses, there are currently no non~animal alternatives that can 
meet our needs for these studies. 

V.3.1. Non-animal Alamatlygs Considered: NIA 

V.3.2. Animal Model and Species Justification: The male Sprague~Dawley rats for 
the in vivo studies were selected because this is the common gender and species of rat 
used in the literature. This allows us to compare our results directly with the many 
published results from other laboratories using chemical warfare agents or other 
acety!cholinesterase inhibitors such as paraoxon. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 
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Species #1 
Rattus Norvegicus 

Species #2 



V.3.3.2. Stral n/Stock: Sprague-Dawley 

V.3.3.3. SOurceNendor: r 
V.3.3.4. A.gt: adult 

V.3.3.5. Weight: 250-275 grm 

V.3.3.6. S..U: male 

V.3.3.7. Sp1,l1I C2a1lg11:1tigo1: NIA 

V.J.4. Number of Animals Required Cby SPGG!n): 336 (240 

V.3.5. Refinement. Reduction. Replacement (3 Rs>: 

Category E and 
96 Category C) 

V.3.5.1. Refinement: All surgeries will be performed under appropriate anesthesia. 
Any rat exhibiting signs of pain or impairment beyond that from this model will be 
euthanized at an early endpoint. No other refinement alternatives were considered. 

V.3.5. z. Reduction: We are using 10 ratllgroup in the treat8d group which provides 
111.1fftclent number to determine statlatk:al significance even if 4 rats/group dla {see 
V.2). We wtll use 8 rablgroup in ~' control groups (no soman) as no deaths are 
expected In ttil1 group of anlmal1. We will minimize the number of animals used in this 
study as much as possible but without affecting statistical significance. Using rats will 
allow us to study whether phenserine protects against soman-induced neuropathology 
without using higher species. 

V.3.5.J. Rtclacemont: This type of study requires a whole biological system because 
there is no currently available ii'l-vitro or computer modeling systems that can be used 
to study the physiologic effects of treatments and exposures proposed in this protocol. 
No other replacements were considered. 

Th• requli.ment for u~ 40 min). The protocol j~Mng Ile ~se ~~~man wai,l· 
detveloped by Or. l > my cclaborator at ( or. l s. 
a senior scienti (bl( l an estabfiahed investigator in the nerve agent field. 
According to Or tie dose of SOfl'\8n used to inject the animalS Is the dose 
that elicits Hlzures in 100% of the animals. Animals must seize for 40 min in order 
for the brain to be damaged. If the animals don't seize, they have to be euthanized: 
and cannot be ulld for fl.lrther study. The dose of soman uMd in tnil srudy is 1.6 ~! 
LDoe. The LD50 Is the dose that kilts 50% of Iha animats so 1 .6xl050 wm result in more 
than 50% aeatfl In soman-treated animals ai<ine. You can tee from orl(b){S) : I 
publications that he uses 2xl~ often to detennine eficacy {21 ·26). We are woming 
on another project where we have convtndng data indicating that alpha-linolenic acid 
prctects against somal'Hnduced brain damage, Our wortt was recentfy published, using 
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the method listed in this animal protocol (27). 

V.4. Technlcal Methods: 

V.4.1. eain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 lnfocmatlon: 

V.4.1.1.1. Numbtu>JAnjmaJs: 

V.4.1 .1.1.1. C0Jum11_C: 
V.4.1.1.1.2. C2.l»mn Q: 

V.4.1.1.1.3. Column E: 

Species #1 

96 

240 

Species #2 

V.4.1.2. P1ln Reliaf I Proventloo: There is momentary discomfort upon injection of 
Hl-6, atropine (AMN}, and soman. Because the animals are in status epilepticus which 
involves hyperexcitability of both hemispheres, it is unlikely that the animals feel any 
discomfort when they are injected with diazepam. 

V.4.1.2.1 . Annthttla/Analgtt!a/Trangull!z~on: 
Wien the rats ire delivered from ttie supplier K4> lthey Will be alowad 
to acdlmate to LAM for 1 week. The animals Witl then be subjected to anesthesia for 
placement of th• external jugular catheter&. Animals Will be allowed to recover for 
1 week and will then be inj~ via extem~ugular catheter (see V.4.4.1.). When 
the animals h1v1 stablllzed a§<6l lowing soman e"posura. they will be 
brought back to USUHS where they wiD be placed in quarantine, observed by laboratory 
~r&onnet and 1n1eetea Witt\ 5 ml lactate ringers $Olution AC ev&ry 6 hours. All animata 
will be euthanlzecl 24 hours after soman exposure. 

Anesthesia tor placement of external jugular catheter: 
Rats will be placed in an induction chamber then anesthesia will be induced with 3-
4% isoflurane from a precision vaporilet delivered in 1-2 Liters per minute of oxygen. 
Once the rats are in lateral recumbancy, they will be moved to a mask and prepared 
ror surgery. Maintenance anesthesia will be delivered at 1-3% isonurane in o.5 to 1 
Liter per minute of oxygen. Anesthesia will be adjusted based on response to toe pinch 
and depth of respirations. Once animal is adequately anesttietized (no response to toe 
pinch) then surgical procedures will begin. At ttie completion of the procedure; the rats 
wlll be removed from anesthetic and allowed to awaken in a home cage. All rats except 
for naive will have external jugular catheters placed for injection of either vehicle or a 
stereoisomer of phenserine. The procedure itself takes 15-20 min. Animals are not 
kept under anesthesia anv longer than nec-essary. 
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V.4.1 .2.2. Pre· and Post-procedural (not iurgervl Proyislons: Animals wilf have 
three days to acclimate to their surroundings once delivered to USU HS and before 
being used for any in vivo experiments. Rats wiH be observed by the Pl or technician to 
ensure they appear healthy prior to undergoing surgery. 

Animal monitoring post .. aoman. The animals will be watched throughout the 24 hour 
period. Monitoring will be performed in the rats' home cage, and will continue through 
the night until they are J)ertused. Any animals that show uhextleetea neutotogic signs 
following soman injection or hunched posture, lethargy, anorexia, or other clinical signs 
potentially indicative of infection may be eutlianizecl at an early endpoint or treated at 
the discretion of the veterinarian and/or Pl. Research personnel will weight rats just 
prior to being perfused (24 hours after soman). Supplemental feeding In the form of wet 
mash will be provided by LAM personnel as directed by the veterinarian or requested 
by the Pl and 5 ml Lactated Ringer's sc every 6 hours wiH be administered for rats over 
the 24 nour period. Get sciuares will be placed in eaeh cage as a fluid supplement for 
the animals. The survival rate will also be determined just prior to the animals being 
perfused (24 hours after soman injection). 

Supplemental (altematlve approach) feeding . LAM personnel may place wet mash/ 
chow on the cage floor for rats that may not be able to gnaw pellets to get food - as 
requested by the Pl, Pl staff or LAM veterinarian. 

Soman-Induced seizures: The animals will not receive anesthesia or analgesia during 
the time the animals seize following injection of soman. Rats receiving soman will be 
injected with the oxime HI~ {125 mg/kg, ip) and 30 min later will recei\/e soman (180 
uglkg, sc) and post-exposure treatment with atropine methyl nitrate (2 mg/l<g, im, 1 min 
after soman. All soman-treated animals will receive diazepam (10 mg/l<g im) 40 min 
after onset of status epilepticus. 

V .4.1.2. 3. paralytics: N/ A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful procedures: 
There is no altematlve for inducing brain damage in rats that mimics the damage 
caused by soman to determine whether the proposed research plan using phenserine 
protects against soman-induced brain damage or improves functional outcome. The 
only way to carry out.the research~lan ls to allow je fS}imals to seiz~ for 40 mi~. This 
is the protocol established by Dr.P 6) _ at __ (S) ho induce brain 
damage followed by injection of diazepam to stop/attenuate the seizures. 

V.4.1.3.1. Sourcea Searched: BRO. DTIC Private STINET. CRISP 

V.4.1 .3.2. Pate of Search: November 27, 2012 

V.4.1.3.3. Period of Search: 1980-2012 

V.4.1.3.4. Key Words of Search: rat, pain, kainic acid, seizure, hippocampus, piriform 
cortex, amygdala, neuronal damage, brain damage, gluatamate receptor. glutamate 
receptor. animal welfare, BHLHB2, alternative, reduce, refine, prevent, control, manage, 
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eliminate, alleviate, decrease, diminish 

V.4.1.3.5. Resylt1 of §earch: 

DTIC Private STINET: 520 hits. One study discussed seizures as it relates to chemical 
warfare agents and measuring seizures on the battlefield. These studies offered no 
advantage over the proposed methods. 

BRO: no hits 

CRISP: 17 hits. Several discussed reduce or refine but were not relevant to the 
proposed study. 
Soman.induced convulsions: The treatment plan for inducing status epilepticus by 
soman in rats is a standard procedure that is routinely performed by many laboratories 
including our laboratory and outlined in the scientific literature. Sprague-Dawley rats 
have been used in the literature. 

Interpretation: There presently is no alternative to employment of rat as an in vivo 
animal model to study the role of phenserine to protect against soman-induced 
neuropathology. 

V.4.1.4. Unal!evjated Painful or Distressful Procedure Justifl~atiqn: 240 male 
rats will receive soman at a dose that will induce seizures, an effect that is seen in 
humans exposed to nerve agents. The rats will experience some level of physical stress 
and discomfort for some period of time during the experiments. Analgesic, sedatives 
and/or anesthetic agents cannot be used because they will modify the pain but also 
seizure threshold preventing us from fully evaluating the effect of soman and as such 
we will not be able to draw any conclusions on the proposed effect of phenserine on 
neuronal survival or functional outcome. The objective of this study is to determine the 
effect of a single injection of phenserine on neuronal survival 24 hours after soman 
treatment. The purpose of the study is to find additional therapies to protect the brain 
so emergency room physicians will have more than one drug to use on patients 
exposed to these deadly weapons. Without exposing the animals to soman, it is not 
possible for us to conduct these studies. These studies are justified because the use of 
soman is a model for nerve agent-induced seizures, an expected effect of nerve agent 
exposure of military personnel in international conflicts and civilian populations. 
Identification of new neuroprotective agents is highly relevant to enhance treatment 
response capabilities. Thus, the knowledge obtained from the proposed investigations 
may benefit many active duty personnel as well as civilians. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: NIA 

V.4.3.1. Pre=sumlcal froxiisioa1: Surgeons will wear sterile gloves. mask, lab coat 
or scrub top. A general assessment of physical and behavioral health will be carried out 
on each rat before surgery. LAM veterinarians wm be consulted should any sign of 
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abnormality in appearance and/or behavior be observed. 

V.4.3.2. Procedure: 
Rats will be anesthetized and maintained with isoflurane in oxygen by nosecone (see 
V.4.1.2.1.). After the induction of anesthesia, the rats (with the nosecone) will be 
placed in lateral recumbancy and prepared for surgery. Maintenance anesthesia will 
be delivered at 1-3% isoflurane in 0.5 to 1 Liter per minute of oxygen. Anesthesia will 
be adjusted based on response to toe pinch and depth of respirations. Once animal 
is adequately anesthetized (no response to toe pinch) then surglcal procedures will 
begin. Only sterile instruments will be used. A supplemental heat source, such as an 
electric heating, pad or circulating warm water blanket, will be set at 37°C throughout the 
duration of anesthesia. Rats will be monitored for dermal burns. 

Placement of external jugular catheter. Anesthetized rats will be placed in dorsal 
recumbancy. Fur will be clipped from the ventral neck and interscapular region. Skin 
will be prepared for aseptic surgery using either betadine or alcohol or chlorhexidine 
scrub. The animal will be draped using sterile towels. A 1.5 to 2 cm long incision by a 
scalpel will be made in the ventrolateral aspect of the neck, parallel and approximately 
0.5 cm lateral to mid line. The external jugular vein will be dissected free of surrounding 
tissue and stabilized with a proximally placed tie of 4-0 suture. A catheter introducer will 
be used to guide the placement of the jugular catheter. A 4-0 ligature will be placed at 
the distal end of the catheter to secure it in place. Tissue adhesive may also be used 
to help stabilize the catheter in the jugular vein. Catheter will be tested for patency by 
flushing with sterile saline. The catheter will then be tunneled subcutaneously to exit 
via an approximately 2.5 cm incision in the interscapular region. Wound clips or suture 
material will be used to close the interscapular area. Tissue glue or suture material (3-
0-5-0 nylon) will be used to close the ventral neck incision. If placement in one side of 
the jugular area is problematic, the procedure will be repeated on the opposite jugular 
vein. The procedure takes 15-20 min from start to finish. All animals will be allowed to 
be awakened and they are kept on a 37 degree C warmer until awake. When animals 
are awake, they are placed in a home cage. 

All animals are awake when they are injected with soman. 

Tail vein injections. I have much experience with tail vein injections. If you master 
the technique successfully, this route is superior over surgical placement of indwelling 
catheters. However. the problem with tail vein injections is failure to deliver the entire 
amount of drug into the vein. If some of the drug escapes into the extravascular space, 
we may not be able to show neuroprotective efficacy. Determining drug blood levels are 
beyond the scope of this grant proposal. 

V.4.3.3. Post-surgical eroylsions: Immediate post-operative care will be provided 
by the investigators and rats will be monitored continuously until they are ambulatory. 
Animals are expected to ambulate. Animals will be returned to their cages post-surgery 
only after they have recovered sufficiently from anesthesia. Food and water will be 
provided ad libitum. Room maintenance and climate control is as per LAM SOP. 
Investigators will weigh the animals just prior to perfusion (24 hours after injection of 
soman). Following surgery, rats will be monitored continuously until they are 
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ambulatory. The Incision site will be monitored daily for signs of infection (erythema, 
edema, presence of an exudate, induration etc). Because the catheter will be inserted 
Into the external jugular vein (indwelling catheter), we will also examine the area for 
signs of b leedi~. Catheters will remain in place for about one week. Each catheter will 
be flushed once daily with heparinized saline to prevent clotting of the tip. 

All animals undergoing catherization will receive buprenorphine. 0.01-0.05 mg/kg. 
subcutaneous (SC}, every 8-12 hrs for 2 days. The alternative drug is acetaminophen, 6 
mg/ml in drinking water for 2 days. 

In addition to Center for LAM SOP'$, study personnel will monitor animals using the 
checklist for animals exhibiting pain/distress beyond expectations of this study. If 
LAM personnel notice any of the following: persistent convulsions or tremors, self 
mutilation, continuous circling, or persistent labored breathing, and study personnel are 
unavailable, the LAM veterinarian may make the decision to euthanize the animal. 

V.4.3.4. Location: LAM procedure room 

VA.3.5. Surgeon: To be determinEd_. Dr. ~ill instruct new personnel on how to 
insert external juguler o!thetera. orJ1°><oJ lis currently inserting jugular vein catheters in 
rats successfully. Dr .~has six years of experience in placing these catheters in rats. 

V.4.3.6. Myltiple Malor surv!yal Operattve Procedure•: NIA 

VA.3.6.1. Procadurea: 

V.4.3.6.2. Sc!tnUflc Ju1tificatlon: 

V.4.4. Anlm1J M1nlpulltion1: 

V.4.4.1. lnltctlons: 

Dru a Concentration 
~-

Phenserine 1 mg/ml 
or saline 

Posiphen 1 mg/ml 

Hl-6 250 mg/ml 

soman 360 ug/ml 
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Dose 
1.3 mg/kg 

1-3 mg/kg 

125 mg/kg 

180 ug/kg 

Route Site 
Iv Into 
Needle: 22- indwelling 
25 gauge catheter 
Vol: 250- between 
270 ul shoulders 
Iv Into 
Needle : 22- indwelling 
25 gauge ca tether 
Vol : 250- between 
270 UI shoulders 
Ip (150 µI), Abdomen 
25 gauge 
needle 
Sc (150 µI) ; Above thigh 
25 aauge i:>osteriorlv 

Freauencv 
once 

once 

once 

once 



needle 
Atropine 4 mg/ml 2 mg/kg Im (120 thigh once 

µI) : 23-
25 gauge 
neecne 

Oiazepam 5 mg/ml 10 mg/kg Im (600 thigh once 
µI) ; 23-
25 gauge 
needle 

Soman treatment (Specific Aims 1-3). Male Sprague-Dawley rats (250-300 gm} 
receiving nerve agent Will be injected with the oxime H1~6 (125 mg/kg, ip} and 30 min 
la1er will receive soman (180 uglkg, sc) and pos1-exposure treatment wi1h AMN (2 mg/ 
kg, Im, 1 min after soman. These treatments, Hl-6 (125 mg/kg, Ip) and 30 min later 
soman (180 ugf)(g, sc) and post-exposure treatment with ANM (2 mg/kg, im) 1 min 
after soman, have been sho\\'11 to reliably produce electrographlc seizure activity within 
approximately10 min. Rats are allowed to ~eize for 40 min Ind tMen treated with 10 mg/ 
kfi, im, diazepam to stop/attenuate the seizures (as per Dr[>(6) I protocol 
at.tb><G> 1 

Phent&nne will be injected via catheter in either a pretreatment or post-treatment 
paradigm followed by nerve agent + oxirne injection. We will use a needle size ranging 
from 22 to 25 gauge. 

IP Injections: For animals requiring fluid replacement. 5 ml of sterile lactate ringers will 
"e Injected sc. The rat will t>e manually restrained and tilted so that the head is facing 
downward and Its abdomen is exposed. The injection site will be disinfected and the 
needle (23·25 gauge) attached to the syringe containing the sterile solution Inserted 
cranially into the abdomen at a 30-45 degree angle caudal to the umbilicus and lateral 
to the midline. Once the needle is Inserted, we will aspirate. If nothing is aspirated. the 
lactated ringer solution is injected. 

V.4.4.2. Blo1ample1: 

In vivo &J.p&rlments. Tne brains from the male Sprague-Dawley rats will be eoHected 
at the time of euthanize. Brain will be preserved for future studies. Brain tissue may be 
removed to determine phenserine levels to ensure proper injection. 

V.4.4,3, Adluvang: N/A 

v.4.4.4. Monoclonal Antlbodv (MAbtl Production: NIA 

V.4.4.S. Animal Identification: 

A patch will be shaved on each animal's baci< and then marked with non-toxic 
permanent ink with an individual ID. Sometimes, the ink fades in which case the ID will 
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be re-inked on the patch. All cages have cage cards per LAM. Rats that receive nerve 
agent injection will be checked for their ink mark labels prior to injection of nerve agent 
to make sure they are clearly labeled. 

V.4.4.6. Behayjoral Studies: NIA 

V.4.4.7. Other Procedures: 

Tranacardial perfusion. 'Mien rats are euthanized. they will be placed under deep 
pentobarbital (50-75 mg/kg) anesthesia. Once adequate anesthesia is achieved (lack 
of response to toe pinch, slow even respirations), a midsternal thoracotomy will be 
performed to expose the heart and the rats will undergo transcardial perfusion with cold 
PBS and 100/o fonnalln. Generally, about 200 cc of each solution is sufficient~, 
but, more will be used if required. Transcardial perfusion will be performed in~__J 

General histo,oglcal procedures. For each brain studied, we will place two sections 
per slide and prepare 80 slides per rat. Every other slide will be stained with cresyl 
violet and every other slide will be stained with FluoroJade.C. Nissl-positlve undamaged 
neurons and fluorescent-positive degenerating neurons are counted in the four brain 
regions IPiriform cortex, hippocampus (CA 1, CA3), cerebral cortex, amygdala). Counts 
will be performed without knowledge of the treatment history of the rats. 

Cresyl Violet staining (E•periments 1,2). Dried slides will be stained with cresyl violet 
In the f ollowl~ manner: 

Treatment 
95% ETOH 
70% ETOH 
50% ETOH 
DH20 
DH20 
Cresyl Violet Stain" 
DH20 
50% ETOH 
70% acid EToH·· 
95% ETOH 
95% ETOH 
100% ETOH 
Histoclear 

Time 
15min. 
1 min. 
1 min. 
2 min. 
1 min 

2min. 
1 min. 
1 min. 

2min. 
2min 
a fewdips 
1 min 

mounting media 

•cre~yl violet preparation: add 1.25g cresyl violet acetate and 0.75 ml glaciail acetic acid 
to 250 ml warm DH20, cool and filter . 
.. 2 ml glacial acetic acid in 200 ml 70% ETOH. 
Note: Some people find histoclear vapor to be irritating and may require a mask. 

Hlstofluoreacent labeling of degenerating neurons with Fluoro-Jade B 
(Experiments 1 and 2). Fonnalin-fixed brains will be prepared as outlined abOve 
(Transcardial perfusion of rats for brain fixation) and brain sections will be cut through 
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the designated brain regions on a cryostat. 
The sections will be collected in 0.1 M neutral phosphate buffer and mounted on 2% 
gelatin coated slides and then air dried on a slide warmer at 50 degrees C for at least 
30 min. The slides will be transferred to a solution of 0.06% potassium permanganate 
for 10 minutes on a shaker table to insure consistent background suppression between 
sections. The slides will be rinsed in distilled water for 2 minutes. From this point 
forward, the protocol is performed as much as possible away from the light The 
staining solution will be prepared from a 0.01% stock solution for Fluoro-Jade C (10 mg 
of Fluoro-Jade C in 100 ml of distilled water). To make up 200 ml of staining solution, 
20 ml of stock solution will be added to180 ml 0.1% acetic acid (180 µL Acetic Acid 
in 180 ml distilled water). This results in a final dye concentration of 0.001%. The 
stock solution is stable for 2 months when stored at 4 °C but the freshly made staining 
solution is prepared within 10 minutes of use and will not be reused. After 30 minutes in 
the staining solution in the dark, the slides will be rinsed for one minute in each of three 
distilled water washes. Excess water will be removed by briefly (about 15 seconds) 
draining the slides vertically on a paper towel. The slides will be rapidly placed on a 
slide warmer. set at approximately 50 °C, until they are fully dry (about 5-10 minutes). 
The dry slides wm be cleared by immersion in xylene for at least one minute before 
coverslipping with DPX {Sigma-Aldrich, St. Louis, MO), a non-aqueous non-fluorescent 
plastic mounting media. Sections spaced 125 µm apart will be viewed under fluorescein 
(FITC) optics in an Axiovert Zeiss microscope equipped for epifluorescence and 
photographed (10x magnification) using Axiovision software. A grid (170 x 170 µm) 
will be placed over a representative field in each of the four brain regions and the 
number of fluorescent cells will be counted, providing an estimate of the mean number 
of degenerating neurons for each animal. The mean number of Fluoro-Jade B-positive 
neurons :t SD will be calculated and graphed as a histogram. 

Quantification of viable neurons (Experiments 1,2). The neuronal density of the 
four brain regions will be quantified. For example, analysis of neuronal density in 
the hippocampus will be performed on coronal sections of the dorsal hippocampus 
stained with cresyl violet and corresponding to brain sections located between 3.14 
and 4.16 mm posterior to bregma. Neurons will be scored as undamaged if they 
are Nissl-positive with a round to oval shaped cell body that exhibits no evidence 
of cell shrinkage. Degenerating neurons characterized by shrunken cell bodies will 
be excluded. Neuronal density values will be expressed as mean :t SD. Counts are 
performed by an investigator without knowledge of the treatment history of the rats. 
Slides are placed on a Zeiss standard microscope with fluorescence capability. This 
microscope is connected to a PC for imaging and photography. Three representative 
fields are photographed from each of the four brain regions (cortex, hippocampus, 
amygdala, piriform cortex) from cresyl violet- and FluoroJade C-stained slides. The 
viable {cresyl violet) and degenerating (fluoroJade C) neurons are quantified; graphed 
and standard statistical methods are used to determine significance. 

Animal transportation: The USU HS cargo van will be used to transport animals and 
the anticipated drive time one-way is 80 min and the number of miles one-way is 63. 
The maximum time the animals will be in the cargo van is 160 min. This van will be 
wiped down with disinfectant prior to and after the transport. The cargo van is heated 
and has air conditioning; LAM personnel usually place a small device that monitors the 
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temperature in the van. Only laboratory personnel that work on thjo~oject will t ive 
the van to and from!(b)(6} !All animals will be transported t )<5 n 
the morning of soman inj · ~ ~ · Is wiU be pre- or post-1njected with phenserine 
or saline at USUHS or at >(

6
> xperimental design. An animal 

protocol wlll also be submitted to or approval 
After the rats are sta~Hzfid JOIIowijg the injection of diazepam (40-60 min). tne rat! 

will be brought back fro b){ l by lab personnel on the day of nerve agent 
injection and placed in a room designated by LAM. All animals will tie in lfleir home 
cage (1 rat/cage). See V.4.1 .2.2 for animal monitoring. 

All $Oman injections will be performed by orP'""_i<s_, ____ _,lad(b)t6> 

V.'4.4.8. !Issue Sharing; The brains from Specific A im 1-2 will be collected at the 
time of euthanasia and remain available for future studies. All other tissues (organs etc) 
wlll be made available to other Investigator upon request. 

V.4.S. Study Endoolnt: The study endpoint for rats used for Speciflc Aim 1-2 is 
survival until the pre~etermined post-operative time point, after which they will be 
euthanized. 

v .... 6. EuthanasJa: 

Experiment 1-2: Research personnel will perform all euthanasias except in cases 
where a LAM veterinarian mal<e the decision that a particular animal needs to be 
euthanized. At the indicated endpoint. each rat wift be deeply anesthetized with 
Pentobarbital (50-75 mg/kg ip). Animals should be deeply anethetized within 30 
minutes. A midstemal thoracotomy will be performed to expose the heart and the 
rats will undergo transcardial perfusion with PBS and the 10% formalin in PBS. This 
procedure results in euthanasia from exsanguination under deep nembutal anesthesia. 

Rats that reach an earty endpoint (see V.4.5) will be euthaniz·ed via cylinderized C02. 
The research technician or the ~rform this early euthanasia. The apparatus for 
euthanasia by C02 is located ln~Alternately. if requested by the Pl. animals will 
be euthanlzed by Center for LAM personnel) using cyllnderlzed CO~ in compliance with 
the 2007 AVMA guidelines on Euthanasia. Euthanasia will be performed in the LAM 
CAF. If possible, animals will be euthani:zed in their home cage. If not. a clean rodent 
cage will be used. Animals will be placed in the cage so that it is not overcrowded 
(each animal can place all four feet on the bottom of the cage.} With anima\s In the 
chamber, the flow rate of COz will displace at least 2.0% of the chamber volume per 
minute. Gas flow will be maintained for at least one minute after resp iration has 
stopped before removing animals from the cage. A supplemental method to ensure 
death (cervical dislocation or bilateral thoracotomy) may be used. 

V.5. Vetednarv Care: 

V.5.1. Husblndrv Consjd!ratioas: Routine animal husbandry will be provided in 
accordance with LAM Husbandry SOPs for each species in this protocol. 
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v .5.1.1 . Studv Roo!W 
Building{s) _,,,J!b_ l<_

5
> ____ -=="I Room Number(s) ______ _ 

Surgery Room: External jugular catheter placement will occur in a ""f6_)(s_i ___________ ~ 
(see V.4.3.2). 

Soman Injection: All .animals will be transported in 1h~ir ~ome ca:es to!(6X€1 . l 
from the USUHS loading dock on the day ofsoman inJect1on. Dr.~k6) lwi11 
inject Hl-6, atropine, soman and valium. Once the animals are stabilized, the animals 
will returned to USUHS on the same day. LAM personnel will assist in loading and off 
loading the animals in their home cages. The animals will be placed in a room assigned 
by LAM when they return to USUHS. · 

V.!.1.2. ~P'~lil Husbandrv Provisions: 

Food Restriction: Yes No x 

Fluld Restriction: Yes No )( 

V .5.1.3. Exceotions: 

V.6.2. Yetar!narv Medical Care: 

V.5.2.1. Routine Ytterlnarv Medical Care: 

V.5.2.2. Emeraency Veterinary Medical cue: All emergency, weekend. and 
holiday care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Enylronmental Enrichment: 

V.5.3.1. Enrichment Strategv: Except as indicated below, al' animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrjcbment Restd,ti.Qns: 

VI. STUDY PERSONNEL QUALIFICATIONS AND TBAIN!NG: 

STUDY PERSONNEL QUALIFICA TIONSITRAINING 

Protocol activity or 
procedure (e.g., taa vein 
in'ettions. ~nannia 

Animal handlin • 
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Specific traini'lg if1 this 
adlvity or procedure 
(e.g., rodent handling 

t lU5 1999' 
Rodent handlin 



External jugular . b)(6J 

vein catherization, 
euthanasia by 
transcardial 
perfusion 

External jugular 
vein catherization, 
animal handllng, 
drug injectiOns, 
euthanasia via 
transcardial 
perfusion 

Animal handling. 
agent injections, 
drug injections 

Animal handling, 
drug injections 

Animal handUng, 
drug injections 

Euthanasia via 
transcardial 
perfusion 
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insering jugular 
vein catieter, 15 
year experience in 
rodent handling1 

surgery and tissue 
di$$eotion, 5 
years experience 
in tran$ettrdial 
perfusion 
6+ yr experience 
rodent handling, 
surgery and tissue 
d~ssectlon; 6 
month experience 
in euthanasia 
by transcardial 
perfusion. External 
jugular vein 
catherization - 2 

I years of experience 
39+ years rodent 
handling, surgery 
and tissue 
dissection; 15 years 
In EEG electrode 
emplacement in 
primates: 39 years 
EEG electrode 
emplacement In 
rodents 

B.S. Environmental 
Scinece: i+ yr 
rodent handling 
(MRICO), 2+ yr 
rOdent surgery 
(MRICOl 
M.S. Biology, 3 
yr experience 
assistant small 
ar;mal veterinary 
practice: 7 yr 
experience ORISE 
research assistant 

30+ yr rodent 
handling, surgery, 
tissue dissection, 

course June 1, 2007 
at USUHS. 

Animal investigator 
training eourse {May 
2008). Rodent 
Handling Course 
(30 May 2008). 

Occ Health/zoonotic 
disease (01105/04), 
Rodent Handling 
(02105/04), aseptic 
techniques and 
rodent anesthesia 
(November 2006), 
Anesthesia (March 
2000) and XCSM 
(nerve agent) 
custodian 
Occ Health/Zoonotic 
disease (21 June 
2005)1 ROdent 
Handling {21 Jun 
2005) and XCSM 
tnerve agent) User 
Occ Health/zoonotic 
disease (21 Jun 
2005), Rodent 
Handling {21 Jun 
2005), Anesthesia 
(03 Feb 2006) 
and XCSM (nerve 
aaent) user 
30 +years 
experience and 
on-the-iob trainino 



(b)(6) euthanasia in handling small 
laboratory animals. 
anesthesia, 
guillotine usage, 
perfusion. Rodent 
handling course and 
investigator training 
course at NIH 

Animal handling, 30+ yr rodent Investigator training 
tissue dissection. handling, surgery course at USU HS 
drug injections, and tissue (Nov 1993). 
transcardial dissection; 3 
pertusion yr experience 

on transcardial 
perfusion 

External jugular 3 years of rodent Investigator training 
vein catherization, handling, and course and rodent 
animal handling, experience In handling at USUHS 
drug injections, animal behavior (July 2012) 
euthanasia via and transcardial 
tmnscardial perfus ion 
perfusion 

Supply of Over 30 yr 
phenserine experience as 

medicinal chemist 

VII. BIOHAlARDS/SAEETY: 
The first grant proposal in my laboratory that used soman was initiated in 2006. None 
of my laboratory personnel developed any side effects of acetylcholinesterase inhibition 
from working on this project There is no risk to my laboratory personnel as a result of 
handling animals exposed to Soman and their bedding materials and excreta. 

All soman injections will be performed by orJ1i><51 latl'-(b_xe_> ___ -' 
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IX. ASSURANCES: 

As the Principa l Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following : 

A. Animal Use: The animals authorized for use in this protocol will be u;;ed m•~Y in 
the activities and in the manner described herein , unless a modification is ,:;r.ecifiC".:?Hy 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure ;r1.3t 
this protocol is not an unnecessary duplication of previous ~xperiments. 

C. Statistical Assurance: I assure that I have consulted with an individual wtio is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection. biosafety. recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will oo 
caused to the animals as a result of the procedures I manipulations. 

F. I verify that I have attended the USUHS Investigator/Animal User 

rincipal Investigator Signature 

G, Training; The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embrace<:1 :"1mely 
"Responsibility" for implementing animal use a lternatives where feasible arli: c )nduc · ; '.) 
humar• aod la11di ol ooseocd> 

~·1 
Principal lnv'estigator Slgnature ~ 
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I. Painful Procedure{s); 

I am conducting biomedical experiments which may potentially cause mo,., .. :han 
momentary or slight pain or distress to animals. This potential pain and/or dist··,·::s 
W\LL or W'LL NOT be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however, using tt···-" 
methods and sources described in the protocol, I have determined that alt~rnative 

procadur~pm not available Ill a=marh the objectives : :;;,,roposed experiment 

Principal Investigator Signature a.A 
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X. PROTOCOL ABSIBACT: 

A. Animal Protocol Nymblr: 

B. Animal Protocol Tit\e: Phenserine, an acetylcholinesterase inhibitor with possible 
neuroprotective efficacy against soman-induced neuropathology in male Sprague
Dawley rats 

C. Prfncioal lnvestj9ator: f ... b~)(5~> ~--___J 

D. Pertonning Qraanizatlon: USUHS and( .... t6_>(6_J ____ _. 

E. f.Mndlng: DTRA 

F. Qbjtctlye and Approach: The objective is to find treatment modalities to 
reduce t)rain damage ca. used 15y nerve jgents and irnc roye oytcome. Pnen~rine is a 
compound developed by or)<bJ(fil at thel<01<6> IH , 
Baltimore, MD. This dtug was tested in a phase 3 trial as a therapy for Alzheimer's 
Disease. The drug was very well tolerated with no reported side ettects. Phenserine is 
more lipophilic compared to physostigmine. Phenserine readily and preferentially enters 
the brain ft:>llowing its sys~mic administraUon and achieves levels that are 10-fold 
higher than concomitant levels in plasma. Phenserine selectively inhibits AChE in 
plasma and brain and has a minirnar effect on butyrylcholinesterase (8ChE). 
Phenserine is dramatically less acutely toxic than is physostigmine and is safe. An 
additional feature of phenserine, that is not available for huperzine A, galantamine or 
similar antichalinesterases, is that phenserine has a chiral center and naturally exists in 
the active form as (-)-phenserine. Phenserine entered Phase Ill trials for the treatment 
of Alzheimer's Disease and is well tolerated (1-5). Recently, phenserine has been 
formulated for transdermal application and has been tested in animals (6). The 
approach Is to pretreat or posMreat animals with phenserine and determine 
neuroprotective efficacy in soman-injected animals. Neuroprotectlve efficacy will be 
determined quantitatively by counting the number of surviving and degenerating 
neurons in brain sections stained with cresyl violet and FluoroJade C respectively. 

G. Indexing Terms iPescriptors): phenserine, rat, soman, neuroprotection, 
acetylcholinestera!f!, neuropathology, 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 
4301 JONES BRIDGE ROAD 

B~'THUoA, MARYLAND 208U~712 
http://www.uauh1.mll 

MEMORANDUM FOR OR.f ._6)(_
6
> __ ___.I DEPARTMENT OF NEUROLOGY 

SUBJECT: IACUC Approval of Proto~ol - Triennial Review 

The following application was reviewed and approved by the Uniformed Services 
University of the Health Sciences (USUHS) lnstirutionaJ Animal Care and Use Committee 
(IACUC) via Designated Member Review on March 15, 20 I J : 

Animal Protocol Title: .. Linolenic Acid: An Omega J Fatty Acid That Protects Against Soman· 
.Induced Neuropathology in Sprague-Dawley Rats" 

USUHS Protocol Number: .._f6_><
5_1 ____ __, 

Expiration Date: Match 14, 2016 

Supporting Grant(s) Nwnberf ... 
6
_>
16_1 
___ ___. 

Name of Principal Investigator: Dr. L..rr
0_><0_> ___ ____. 

The USU HS has an Animal Welfare Assurance on file with the Office for Laboratory 
Anjmal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Nwnber is 
f6k6) !The IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date. a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although tbe lACUC may send reminders, it is the 
investigator's responsibility to submit an annual review fonn (Fonn 3206A) at least 30 days in 
advance, or a new Form 3206 for trieMial review at least 60 days in advance of expiration. 

Prior to placing yow first animal order. please contact MAj<b)(6) ko schedule a 
pr~protocol planning meetingl1°l<5> I This meeting m~t occur to ensure animal numbers. 
are loaded in the CART system and LAM resources av ii I to meet yow needs. 

(b ) 

Ph.D. 
~ ................... .....,.. ........ 

air, tttutional Animal 
Care and Use Committee, USUHS 

cc: 
Offic.e of Research 

learn;,1g to Care far Thou in Hanni Way 

Doc67 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 

PROTOCOLNUMBER:l~(b_~_> ________ ~ 

IACUC Date Starr i:; J ---..- .... 

PROTOCQL JITLji; Linolenic Acid: An omega 3 fatty acid that protects 1tgainst son1;:n· 
induced neuropathology in Sprague-Dawley rats 

GRANT TITLE (if different from above): Linolenic Acid: An omega 3 fatty a• · t~ l1at 
protects against soman=induced neuropathology 

USUHS PROJECT NUMBER:jC~6-)(6-) __ ____. 

FUNDING AGENCY: DTRA 

EARLIEST ANTICIPATED FUNDING START DATE: October 1, 2009 

~~ ...... """""'_....._.. ............ -~..._ _______ Ph.D., M.D. 

, f""b .... )16"""> ---------.1 
@ent Office/Lab Telephone 

SCIENTIFIC REVtEW; This animal use proposal rece ived appropriate peer scientific 
review and is consistent with good scientific research practice . 

(b)( > ~ . I . \ t6)(6! 
{l - ~k'--~ 0-

Rese rch Unit Chief ~ept. Head Signature ·- ~ 7 '""'T,....el-ep"""h-o-ne __ ...-. 
Typed Name: co~(b)( i) I 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study. 

Statistician S~Mture 
Typed Name: l(b)(6} ____ _, 

PMB l(b~6) 
Departmentelephone 

12/14/12 
Date 

ATTENDl.NG VETERINARIAN: In accordance with the Animal Welfare Regu1~·~on~ 

the Attending Veterinarian was consulted in the planning of procedu(•· and 
manipulations that may cause more than slight or momentary pain or ~.:;trf' c:ven 
relieved by anesthetics or analgesics . 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR:l'° .... _)<6
_> ____ ..... 

ANIMAL PROTOCOL TITLE: Linolenlc Acid : An omega 3 tatty acid that protects 
against soman-induced neuropathology in Sprague-Dawley rats 

GRANT TITLE (if different ffom a_bove): Linolenic Acid: An omega 3 fatty acid that 
protects against soman-induced neuropathology 

USUHS PROJECT NUMBER: 

l(b)(6) I Dr.1(6)(6) CP·INVESTIGATOR(S): Dr ..... ___ ____._ _ 
p>(ur I 

lor.116)(6) 

TECHNICIANS(S): ._1<6_)16_> -------------' 

I. NON-TECHNICAL SYNOPSIS: Nerve agents represent a key threat to the United 
States military and civilian populations. These agents block a crucial brain enzyme, 
acetylcholinesterase, which in tum leads to brain hyperactiVity. Brain hyperactivity 
results in seizures. A severe type of seizure is one lasting more than thirty minutes and 
is called status epileptlcus and is commonly observed following exposure to chemical 
warfare agents. Status eplleptlcus Is a medical emergency because tt can lead to 
severe brain damage and/or death. Certain drugs are effective but must be given within 
five minutes after onset of seizures. Thus, compounds that protect the brain against 
nerve agents are required to attenuate or prevent damage and Improve outcome. 

Linolenic acid i~ an amega-3 fatty acid and found in eanola oil. Linolenie acid is a 
dietary supplement that can be purchased over the counter. Linolenic acid has been 
shown to reduce brain damage induced by kainic acid, a compound that is found in a 
particular type of seaweed and induces seizures. Therefore, we tested whether linolenic 
acid may protect against soman-induced brain damage. Our data suggest that injecting 
linolenic acid either before or after sormm significantly protects vulnerable brain cells 
against soman-lnduced brain damage twenty four hours after nerve agent injection. Our 
next goal is to Cfetermine whether the protection by linolenic acid is long lasting. Brain 
networks will be examined through behavioral testing. 

Catheters will be placed into a medium sized vein and patency of the catheters wm be 
maintained by a heparin-saline solution. Drugs to improve the survival of the animals 
will be administered oofore and after injection of the nerve agent. soman and a well· 
established agent that stops the seizures will be injected in all animals that receive 
soman. The neuroprotective agent, a-linolenic acid, will be injected into the animals 
three times over a 7 day period via the catheters ei1her prior to or after nerve agent. 

Our recent data show that three injections of linolenic acid further improve brain cell 
survival and exert an anti-depressant effect. We will test the hypothesis that chronic 
administration of a-llnolenic acid either prior to or after soman improves functional 
outcome 
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II. BACKGROUND: 

11.1. Background: Nerve agents and neurodegeneration. Nerve agents irreversibly 
inhibit the cholinesterase enzyme. Inhibition of acetylcholinesterase (AchE) results in 
elevated acetylcholine (Ach) levels in synapses in the peripheral and CNS leading to the 
progression of toxic signs including hypersecretions, tremors, seizures, respiratory 
distress and ultimately death. 

It is established that prolonged seizures are responsible for the neuropathology caused 
by nerve agents. Termination of seizures within 10 min results in no neuronal cell death 
whereas 20 minutes of seizure activity results in mild neuronal cell death; further delay 
in controlling seizures dramatically increases the neuropathology in animal models. 
Moreover, the longer seizures continue the higher the probability for the development of 
status epilepticus, a serious complication of seizure activity defined as a prolonged 
seizure or continuous seizures lasting more than thirty minutes without regaining 
consciousness. Neurodegeneration occurs most frequently in the piriform cortex. 
followed by the amygdala, hippocampus, thalamus, cerebral cortex and 
caudate/putamen. The brain region that shows the most severe damage is the piriform 
cortex followed by the hippocampus, cortex, thalamus, amygdala and caudate/putamen. 
Anticonvulsants such as benzodiazepines decrease seizure activity and improve 
outcome but their efficacy to attenuate or abolish nerve agent-induced seizures 
depends upon the administration time post-exposure of the nerve agent. For example, 
the mean latency for seizure termination by midazolam (the most effective 
anticonvulsant) given five minutes after the induction of seizure activity induced by 
either soman or sarin was twenty minutes. Thus, even under the most ideal conditions, 
it still requires twenty minutes to terminate seizure activity induced by these agents (2). 
In addition, benzodiazepines such as midazolam can cause respiratory depression and 
exacerbate nerve agent-induced respiratory depression leading to increased brain injury 
and/or death. 
Glutamate and excitotoxicity. Neurodegeneration caused by prolonged seizure activity 
is an example of hypoxic-ischemic neuronal injury. The primary event in nerve agent
induced seizures is the excessive accumulation of Ach in synapses which results in the 
release of the excitatory amino acid glutamate. Glutamate, the endogenous 
neurotransmitter required for nonnal physiological excitation, is involved in the 
pathophysiology of hypoxic-ischemic neuronal injury. Although this neuropathological 
process can be mediated by any of the excitatory amino acid receptors, the N-methyl-D
aspartate (NMDA) glutamate receptor subtype plays a crucial role. Overactivation of 
postsynaptic NMDA receptors is thought ta result in a massive influx of calcium leading 
to biochemical and metabolic events that result in neurodegeneration. This process is 
referred to as excitotoxicity. The NMDA glutamate receptor subtype plays a crucial role 
in neuronal cell death mediated by nerve agents. These results confirm the role of 
NMDA receptors in nerve agent-induced neurodegeneration and validate the 
mechanism of neuronal cell death. 
The vulnerable brain regions that are involved in nerve agent-induced neuropathology 
would be expected to impair lea ming and memory (hippocampus, dorsal medial nucleus 
of the thalamus), emotional memory (amygdala), cognition (cortex) and movement 
(caudatelputamen). Because of the long latency required to terminate seizures, 
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soldiers are at high risk for developlng the neuropathology. Thus, it is essential to 
develop effective neuroprotective treatments and preventative therapies. 

Linolenic acid is an essential fatty acid and the only omega-3 fatty acid found in 
vegetable products. It is most abundant in canola oil. It is commercially available and 
can be purchased over the counter as a nutritional supplement. Beneficial effects of 
PUFAs have been shown in the cardiovascular field and in preventing fatal ventricular 
arrhythmias by reducing cardiac excitability. PUFA's may also have beneficial effects 
on brain function such as depression. Also, there is some evidence that PUFA's may 
reduce seizure activity by decreasing neuronal excitability perhaps by opening 
potassium channels. 
Injection of linolenic acid (500 nmol/kg iv) thirty minutes after an epileptic insult (kainic 
acid 10 mg/kg ip) is neuroprotectlve. Linolenic acid also exhibits delayed 
neuroprotective properties. Thus, injection of linolenic acid (500 nmol/kg, iv) three days 
prior to an epileptic insult (kainic acid 7.5 mg/kg, ip) almost completely inhibited kainic 
acid-induced neuronal damage in the CA1 and CA3 subfields of the rat hippocampus. 
The severity of seizure activity was attenuated but was not thought to contribute to 
delayed neuroprotection. Finally, linolenic acid (10 uM, i.c.v.) thirty minutes prior to 10-
30 minutes global ischemia almost completely blocked ischemic-induced neuronal cell 
loss in the hippocampus whereas injection of palmitic acid, a saturated fatty acid, 
exerted no neuroprotection. Linolenic acid is also neuroprotective when injected 
intravenously thirty minutes after a ten minute global ischemrc insult. These results 
show that linolenic acid protects against an epileptic insult when given as a treatment or 
pretreatment paradigm. The fact that linolenic acid also protects against ischemia 
provides further confirmation of its neuroprotective effect since ischemic and epileptic
induced neurodegeneration are examples of hypoxic-ischemic neurodegeneraUon that 
involve NMDA receptor-mediated excitotoxicity. 

Linolenic acid increases activated NF-KB in the hippocampus. Thus, NF-KB is a 
biomarker. We first showed and confirmed that injection of linolenic acid intravenously 
at a dose of either 100 nmol/kg or 500 nmol/kg increased activated NF-kappaB in 
hippocampal nuclear extracts. Injection of linolenic acid three days prior to so man 
injection protects vulnerable neurons against soman~induced neuropathology in four 
critical brain regions: piriform cortex, amygdala, hippocampus and cortex. Our results 
show that pretreatment with linolenic acid (500 nmo/kg IV) protects vulnerable neurons 
in the cortex [35.6%], in the hippocampus [81.02%], in the amygdala [63.34%], and in 
the piriform cortex [45.14%] using the FluoroJade C staining method. Moreover, 
linolenic acid reduces the degree of swelling in the piriform cortex in soman~treated 
animals. Injection of linolenic acid thirty minutes after so man injection is also 
neuroprotective in the four brain regions but there is no difference in the degree of 
swelling in the piriform cortex from linolenic acid-treated and soman-treated animals. 

This is the first study to show that linolenic acid, an over the counter dietary 
supplement provides significant protection against the neuroprotection by a potent 
nerve agent. We now extend our findings by: 1) determining whether protection extends 
out to a 7 day time frame; 2) determining whether the observed neuroprotection by 
linolenic acid improves functional outcome; and 3) determine whether multiple injections 
of linolenic acid improve neuronal survival over and above a single injection. 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

5 



11.2. Literature Search for Duplication: 

11.2.1. Literature Sourcejs) Searched: BRO, PubMed, DTIC, ToxNet 

11.2.2. Date of Search : December 1, 2012 

11.2.3. Period of SearcJJ: 1980~2012 

11.2.4. Key Worc:ts and Search Strategy: linolenic acid. soman, rat, nerve agent, 
nuclear factor kappaB, neuroprotection. 

11.2.5. Results of Search: 

BRO: no hits 
DTIC: no hits 
PubMed: 3 hit. One paper l16H6) ~escribed the neuroprotectlve effect of 

Unolenic acid against kainic acid~induced status epileptlcus and the second paper 
described that the protedbm effect against ischemic stroke requires activated NF
icB. The third paped(b}(S) ~hich was published in the journal NaurotoxicoJagy in 
2012 (33(5):1219~29). The current project is an extension of the first project and 
seeks to detennine the long-tenn efficacy and the efficacy of three injections of a
linolenic acid on delayed neurodegeneration and behavior outcome. 

TOXNET: No hits 
No duplication of the proposed study. 

Ill. OBJECTIVE\HYPOTHESIS: Linolenlc acid protects against soman-induced 
neuropathok>gy. If iv linolenic acid is neuroprotect.ive, we will develop subcutaneous 
neuroprotective doses of linolenic acid for future studies. 

IV. MILITARY RELEVANCE: The neurological effects of chemical weapons on the 
performance and operations of our military wguld be devastating. This is. In fact. a 
major goal of the terrorists. They want to cripple the military at a sufficient level and 'ong 
enough so that when the levels of the chemical weapons are no longer toxic the 
terrorists can penetrate into and destroy military facilities. equipment and soldiers. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

V.1.3. Specific Alm 3. To determine behavior measures In LIN500·treated rats 
prior to or after soman injection. Status epilepticus induced by sornan damages the 
following brain regions: pimorm cortex. amygdala, hippocampus, thalamus. cerebral 
cortex and caudate/putamen. Since linolenic acid provides significant protection against 
so man-induced neuropathology, we wish to detennine whether the increased neuronal 
survival improves functional outcome by performing behavior tests deslgned to test 
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specific areas of the brain known to be damaged by so man. The behavior measures 
performed in this specific aim are: locomotor activity and rotarod test, open field center 
time, forced swim test, shuttle box performance test, and social interactions. The 
software also detects seizure activity including onset, duration and frequency. One 
group of rats will be pretreated (500 nmol/kg, iv; 3 doses) with linolenic acid (500 
nmol/kg iv, LINSOO; S300 µL) prior to soman injection (day 1, 3, 7 prior to injection of 
soman) and a second group will be post-treated with 3 doses of linolenic acid (500 
nmolfkg, LIN500 iv) on day 1, 3, 7 after injection of soman. 

For the pretreatment paradigm: groups of male Sprague-Daw1ey rats: 

Table 1: a-Llnolenic acid Pretreatment Groups and Group Sizes for Experiment 1 

Treatment Hl-830 min Treatment (Time Group Size Pain 
Group Soman 0 min, before seizure Category 

Atropine 1 min onset) 
Dlazepam 40 min 

Group 1 Hl-6~Soman~atropine~seizure o-linolenic acid 17 Male Rats E 
Adult Male Rats ~diazepam (1day,3 days, 7 

davs) 
TOTAL 17 Male Rats 17 E 

Table 2: a-Llnolenlc acid Pretreatment Groups and Group Sizes for Experiment 1 
Treatment Group Hl-6 30 min Treatment (Time Group Size Pain 

SallneO min, before Saline Category 
Atropine 1 min Injection) 
Dlazeoam 40 min 

Group 2 Ht-6~Saline7alropine o-linolenic acid (1 9 Male Rats c 
Adult Male Rats 7Dlazepam day, 3 days. 7 days) 

TOTAL 9 Male Rats DC 

Table 3: Control Groups and Group Sizes for Experiment 1 
Treatment Group Hl-830 min Sallne (Time before Group Size Pain 

Soman 0 min, eelzun1 onset) Category 
Atropine 1 min 
Dlazepam 40 min 

Group 3 Hl-6~Soman~atropine-+ Vehide {1 day, 3 days, 1 7 Male Rats E 
Adult Male Rats seizure7diazeoam 7 days) 
TOTAL 17 Male Rats 17 E 

Because we are performing behavioral measures on the animals injected with a
linolenic acid, all groups of animals, including controls, need to be included in this study. 
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For the treatment paradigm: groups of male Sprague-Dawley rats: 

Table 4: a-Linolenlc acid Treatment Groups and Group Sizes for Experiment 1 

Treatment Hl-6 30min Treatment (Tlme Group Size Pain 
Group Soman 0 min, after seizure Cat-eory 

Atropine 1 min onset) 
Dlazepam 40 min 

Group 4 Hl-67Soman7atropine7 seizure a-linotenic acid 17 Male Rats E 
Adult Male Rats 7dlazepam (1 day, 3 days, 7 

davs) 
TOTAL 17 Male Rats 17 E 

Table 5: Control groups - No Soman Exposure and Group Sizes for Experiment 1 
Treatment Group Hl-630 min Treatment (Time Group Size Pain 

SallneO min, after Saline Category 
Atropine 1 min Injection) 
Dlazepam 40 min 

Group 5 Hl.e7Saline7atropine o-linolenic acid ( 1 9 Male Rats c 
Adult Male Rats 7Diazepam day, 3 days, 7 days) 

TOTAL 9 Male Rats 9C 

Table 6: Control groups· Soman Exposure No Treatment and Group Sizes for 
Experiment 1 
Treatment Group Hl·S 30 min Saline (Tlme after Group Size Pain 

Soman a min, seizure onset) Category 
Atropine 1 min 
Oiazepam 40 min 

Group 6 H!-67Soman7atropine7 Saline (5 min) 17 Male Rats (17 for E 
Adult '~::: '"' selzure7diazepam each dose) 
TOTAL 17 Male Rate 17 E 

When the behavioral testing of the rats is completed, all rats will be euthanized, brains 
fixed, sectioned and stained to quantify neuronal survival and degenerating neurons. All 
animals will be weighed dally. During the first 24 hours after soman injection, 
laboratory personnel will stay with animals In LAM. After the first 24 hours, 
laboratory personnel will check animals every 8 hours. All animals will receive 
Lactate Ringer's (5 ml1 sc) or more if the rats are not drinking up to 25 ml/day, wet 
mash, apple slices and gel squares. We will detennine the survival rate of all 
animals and quantify the results just prior to perfusion. 

Methods 

Chemicals. Linolenic acid will be purchased from Nu-Chek Prep, Elysian, Minnesota. 
All other reagents except soman will be purchased from commercial sources or as 
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lndjcated Soman will be supplied by Dr. [
5
ll
5
l I at thel(b){B) 

I( )(ij I _____ ____. -------"""" 

Drug treatments. Linolenic acid will be freshly prepared on the day of experimentation. 
Linolenic acid will be first dissolved In ethanol at a molar concentration and then diluted 
in NaCl 0.9% solution to reach a final concentration of 500 µM. The pH of the solution 
will be adjusted to 7.0 for bolus inti'avenous injection. Vehicle (0.05% ethanol) will be 
prepared In an Identical fashion but in the at:>sence of Mnolenlc acid. 

Soman injections: Soman (180 ug/kg, sc in Sprague Dawley male rats, -3009 weight) 
will be injected in conjunction with pretreatment with the oxime Hl-6 (125 mgfkg; ip. 30 
min before soman) and post-exposure treatment with methyl atropine (2mg/kg, im, 1 
min after soman). Under these conditions. seizures are produced with a high probability 
(>95%). Animals are allowed to seize for 40 min and then treated with 10 mg/kg, im, 
diazepam (valium) to stoj'J th~ seizures. 

Linolenlc acid treatment procedure (Specific Alm 1 ). Linolenlc acid-treated rats will 
be intravenously injected Into the jugular vein as a bolus (500 nmol/kg body weight) 30 
min after soman challenge. Vehicle-injected animals will be treated in an identical 
manner and will be used as controls for the treatment group. 

Quantification of viable neurons. The neuronal density of the six brain regions will be 
quantified. For example, analysis of neuronal density in the hippocampus will be 
performed on coronal sections of the dorsal hippocampus stained with cresyl violet and 
corresponding to bra in sections located between 3.14 and 4.16 mm posterior to 
bregma. Neurons will be scored as undamaged if they are Nissl&positive with a round to 
oval shaped cell body that exhibits no evidence of cell shrinkage. Degenerating neurons 
charaeterlzed by shru11ken eell bodies Will be excluded. Neuronal density values wm be 
expressed as mean ±SD. Counts are performed by an investigator without knowledge 
of the treatment history of the rats. 

V.2. Data Analvsls: Values from experimental and control groups are averaged and 
compared using analysis of variance (p<0.05 to·rejact the null hypothesis that the group 
means were equal). Post hoc analyses will use the Tukey test for multiple group 
comparison. A sample size of 17 animals per group Will have 80°/o power to detect 
differenaes between groups of 1.2 standard deviations1 based on one~way ANOVA with 
Tukey's post-hoc multiple comparisons among 3 group means with a 5%, two-sided 
significance level. Even with death of 8 animals per group, a sample size of 9 animals 
per group wlll have 80% power to detect differences between groups of 1.6 standard 
deviations, based on one-way ANOVA with Tukey's post-hoc multiple comparisons 
among 3 group means with a 5%, two-sided significance level. 

V.3. Laboratory Animals Required and Justification: Chemical warfare agents or 
nerve agents are some of the most lethal compounds known to mankind . Nerve agents 
induce severe seizures. brain damage and death. Anticholinergic drugs are only 
effective if g1ven within 5 minutes after the initiation of seizll"es. Thus, these agents 
have limited value in protecting the brain against nerve agent-induced seizures. We 
have convincing data indicating that lloolenic acid, a dietary supplement that can be 
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purchased over the counter, is an efficacious neuroprotective compound against 
soman-induced neuropathology. 

Mortality Rate: 
The protoco11~no the u~ ojp•h® ~eveloped by 0r.l~i Jmy 
coUaborator a_ J Dr._ ~ a senior scientl M(t>X5> land ·an 
established investigator in the nerve agent field. Acoording to 0 3b n !the dose 
of soman used to Inject the animals is the dose that eficlta !leizure-s in 100% of the 
animals. Animals mus1 seize for 40 min in order for the brain to be damaged . . If the 
animats don't seize, they have to oo &uthanized and cannot be usea for further study. 
The dose of soman used In this study Is 1.e x L050. The LDso iS the dose that kills 50% 
of the animals so 1.6xLOso will rasyH ;n ~~than 50% death in soman .. treated anlmat$ 
alone. You can: see ftom Drfbl<5> __ publlcatlons that fie usea 2xLDso often to 
detennine efficacy (21-26). Als0. our work showing that alpha-linolenic acid Is 
protective against aornan-lnduced neuropathology was recently put>tlshed as well using 
the method listed In this animal protocol (27). 
V.3.1. Non-animal Alternatives Considered: 
Because we are studying cellular mechanisms and responses. there are currently no 
non-animal alternatives that can meet our needs for these studies. 

V.3.2. Anlmal Model and SP!Gies JLJ.stlflcation: The male Sprague-Daw1ey rats for 
the in vivo studies were selected because this is the common gender and species of rat 
used in too literature. This allows us to compare our results directly with the many 
publ ished resu lts from other laboratories using chemical warfare agents or other 
acetylcholinesterase inhibitors such as paraoxon. 

V.3.3. Laboratory Animals 

Species #1 
V.3.3.1. Genus & Species: Rattus norvegicus 

V.3.3.2. Stral n/Stoc k: Sprague-Dawley 

V.3.3.3. SoyrceNendor: rim 
V.3.3.4. Ag•: adult 

V.3.3.5. Weight: 250-275 gm 

V.3.3.6. Sex: male 

V.3.3.7. SR§cial Considerations: NIA 

V.3.4. Number of Animals Required (bx Species): 86 

V.3.5. Raflnamenl Reduction. Replacement (3 Rs): 
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V.3.5.1. Refinement: All surgeries will be performed under appropriate anesthesia. 
Any rat exhibiting signs of pain or impairment beyond that from this model will be 
euthanized at an early endpoint. No other refinement alternatives were considered. 
All animals will be weighed daily. During the first 24 hours after soman injection, 
laboratory personnel will stay with animals in LAM. After the first 24 hours, laboratory 
personnel will check animals every 8 hours. All animals will receive Lactate Ringer's (5 
ml, sc) as needed (up to 25 ml/day), wet mash, apple slices and gel squares. We will 
determine the survival rate of all animals and quantify the results just prior to perfusion 
(the day after the behavioral measures are completed). 

V.3.5.2. Reduction: We are using 17 rats/group which provides a sufficient number 
to determine statistical significance. 

V.3.5.3. Reelacement: Using rats will allow us to study whether linolenic acid 
protects against soman-induced neuropathology without using higher species. No other 
replacements were considered. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

18 

68 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesla/Analgesla/Tranquillzatlon: 

Anesthesia for placement of external jugular catheter: 

Species #2 

Rats will be placed in an induction chamber then anesthesia will be induced with 3-4% 
isoflurane from a precision vaporizer delivered in 1-2 Uters per minute of oxygen. Once 
the rats are in lateral recumbancy, they will be moved to a mask and prepared for 
surgery. Maintenance anesthesia will be delivered at 1-3% isoflurane in 0.5 to 1 Liter 
per minute of oxygen. Anesthesia will be adjusted based on response to toe pinch and 
depth of respirations. Once animal is adequately anesthetized (no response to toe 
pinch) then surgical procedures will begin. All rats except for naive will have external 
jugular catheters placed for injection of either vehicle or linolenic acid. 

V.4.1.2.2. Pre- and Post-procedural (not surgery'} Provisions: Animals will have 7 
days to acclimate to their surroundings once delivered to USUHS and before being 
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used for any in vivo experiments. Rats will be observed by the Pl or technician to 
ensure they appear healthy prior to undergoing surgery. 

Animal monitoring. The animals will be watched rontinuously for 1h and then checked 
every 30 min until the animal is able to move. Researcher personnel will monitor the 
rats twice a day beginning on the following day after soman. Monitoring will be 
performed in the rat's home cage, and Will continue every day up to the point they 
areeuthanized Any animals that show unexpected neurologic signs follo\Ning soman 
injection or hunched posture, lethargy, anorexia, or other clinical signs potentially 
indicative of infection may be euthanized at an eany endp<>int or treated at the discretion 
of the veterinarian and/or Pl. Research personnel Will also weigh rats once a day to 
ensure they have not lost >20% of their body weight compared to baseline weights. 
Supplemental feeding in the form of wet mash will be provided by LAM personnel at the 
request of the Pl or as directed by the LAM Veterinarians and fluids (5 ml Lactated 
Ringer's sc 2 to 3 times a day) will be administered to rats injected with soman by 
research personnel. Gel squares will also be placed on the floor of each cage and 
replaced every day by laboratory personnel. 

Supplemental (alternative method) feeding. LAM personnel may place wet 
mash/chow on the cage floor for rats that may not be able to gnaw pellets to get food. 

Soman-induced seizures: The animals will not receive anesthesia or analgesia during 
the time the animals seize following injection of soman. ~ts receiving soman Will be 
injected with the oxime Hl-6 (125 mg/kg, ip) and 30 min later will receive soman (180 
uglkg, sc) and post-exposure treatment with AMN (2 mg/kg, Im, 1 min after soman. All 
soman-treated animals will receive diazepam (10 mg/kg irn) 40 min after onset of status 
epilepticus. 

V.4.1.2.3. Paralxtlps: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 
There is no alternative for inducing brain damage in rats that mimics the damage 
caused by soman to determine whether the proposed research plan using linolenic aold 
protects against soman-induced brain damage or improves functional outcome. The 
only way 'to carry out the research plan is to allow the anirnals to seize for 40 min as 
recommended by Dr.l<b)(dJ I adlb)(B) ltollowed by injection of 
dlazepam to stop the seizures. 

V.-4.1.3.1. Sources Searched: BRO, DTIC Private STINET, NIH Reporter 

V.-4.1.3.2. Date of Search: December 11 2012 

V.4.1.3.3. Period of Starch: 1980-2012 

V.4.1 .3.4. Kex Words of Search: rat, paln, kainic acid, seizure, hippocampus, piriform 
cortex, amygdala, neuronal damage, brain damage, gluatamate receptor, glutamate 
receptor, animal welfare, BHLHB2, alternative, reduce, refine, prevent, control, manage, 
eliminate. alleviate. decrease, diminish. 
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V.4.1.3.5. Results of Search: 

DTIC Private STINET: 520 hits. One study discussed seizures as it relates to chemical 
warfare agents and measuring seizures on the battlefield. These studies offered no 
advantage over the proposed methods. 

BRO: no hits 

NIH Reporter: 17 hits. Several discussed reduce or refine but were not relevant to the 
proposed study. 
Soman-induced convulsions: The treatment plan for inducing status epilepticus by 
soman in rats is a standard procedure that is routinely perfonned by many laboratories 
including our laboratory and outlined in the scientific literature. Sprague-Dawtey rats 
have been used in the literature. 

Interpretation: There presently is no alternative to employment of rat as an in vivo 
animal model to study the role of multiple doses of linolenic acid to improve 
neuroprotection against soman-induced neuropathology or to determine whether 
improved neuronal survival in linolenic acid-treated rats improves overall functional 
outcome by behavioral testing. 

V.4.1.4. Unallevlated Painful or Distressful Procedure Justification: Sixty eight 
male Sprague-Dawley rats will receive soman at a dose that will induce seizures, an 
effect that is seen in humans exposed to nerve agents. The rats will experience some 
level of seizure or physical stress and discomfort for some period of time during the 
experiments. Analgesic, sedatives and/or anesthetic agents cannot be used because 
they will modify the pain and seizure threshold preventing us from fully evaluating the 
effect of soman and as such we will not be able to draw any conclusions on the 
proposed effect of linolenic acid on neuronal survival or functional outcome. The 
objective of this study is to determine whether the increase in neuronal survival in 
linolenic acid-treated rats improves functional outcome. Without exposing the animals 
to soman, it is not possible for us to conduct these studies. These studies are justified 
because the use of soman is a model for nerve agent-induced seizures, a expected 
effect of nerve agent exposure of military personnel in international conflicts and civilian 
populations. Identification of new neuroprotective agents is highly relevant to enhance 
treatment response capabilities. Thus, the knowledge obtained from the proposed 
investigations may benefit many active duty personnel as well as civilians. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: N/A 

V.4.3.1. Pre-surgical Provisions: 
Surgeons will wear sterile gloves, mask, lab coat or scrub top. A general assessment of 
physical and behavioral health will be carried out on each rat before surgery. LAM 
veterinarians will be consulted should any sign of abnormality in appearance and/or 
behavior be observed. 

USU HS Form 3206 - Revised October 2008 
Previous versions are obsolete 

13 



V.4.3.2. Procedure: Rats will be anesthetized and maintained with isoflurane in 
oxygen by nosecone (see V.4.1.2.1.). After the induction of anesthesia, the rats (with 
the nosecone) will be placed in lateral recumbancy and prepared for surgery. 
Maintenance anesthesia will be delivered at 1-3% lsoflurane in 0.5 to 1 Liter per minute 
of oxygen. Anesthesia will be adjusted based on response to toe pinch and depth of 
respirations. Once animal is adequately anesthetized (no response to toe pinch) then 
surgical procedures will begin. Only sterile instruments will be used. A supplemental 
heat source, such as an electric heating pad or circulating warm water blanket, will be 
used to keep the rats warm throughout the duration of anesthesia. Rats will be 
monitored for dermal bums. 

Placement of external IV catheter. Anesthetized rats will be placed in dorsal 
recumbancy. Fur will be clipped from the ventral neck and interscapular region. Skin 
will be prepared for aseptic surgery using either betadine or alcohol or chlorhexidine 
scrub. The animal will be draped using sterile towels. A 1.5 to 2 cm long incision will be 
made in the ventrolateral aspect of the neck using a scalpel, parallel and approximately 
0.5 cm lateral to mid line. The external jugular vein will be dissected free of surrounding 
tissue and stabilized with a proximally placed tie of 4-0 suture. A catheter introducer will 
be used to guide the placement of the IV catheter. A 4-0 ligature will be placed at the 
distal end of the catheter to secure it in place. Tissue adhesive may also be used to 
help stabilize the catheter in the jugular vein. Catheter will be tested for patency by 
flushing with sterile saline. The catheter will then be tunneled subcutaneously to exit via 
an approximately 2.5 cm incision in the interscapular region. Wound clips or suture 
material will be used to close the interscapular area. Tissue glue or sterile 4 0 silk will 
be used to close the ventral neck incision. 
If placement in one side of the jugular area is problematic, the procedure will be 
repeated on the opposite jugular vein. 

V.4.3.3. Post-surgical Provisions: 
Immediate post-operative care will be provided by the investigators and rats will be 
monitored continuously until they are ambulatory. Animals are expected to ambulate. 
Animals will be returned to their cages post-surgery only after they have recovered 
sufficiently from anesthesia. Food and water will be provided ad libitum. Room 
maintenance and climate control is as per LAM SOP. Investigators will perform daily 
weights, provide supplemental calories (as appropriate} via wet mash and sc lactate 
ringers (5 ml) if weight loss is greater than 20% until study completion. Following 
surgery, rats will be monitored continuously until they are ambulatory. The incision site 
will be monitored daily for signs of infection (erythema, edema, presence of an exudate, 
induration etc). Because the catheter will be inserted into the external jugular vein, we 
will also examine the area for signs of bleeding. Catheters will remain In place for about 
3 weeks (Specific Aim 3). Each catheter will be flushed once daily with heparinized 
saline to prevent clotting of the tip. 

In addition to Center for LAM SOP's, study personnel will monitor animals using the 
checklist for animals exhibiting pain/distress beyond expectations of this study. If LAM 
personnel notice any of the following: constant convulsions or tremors, self mutilation, 
continuous circling, or persistent labored breathing, and study personnel are 
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unavailable, the LAM veterinarian may make the decision to euthanize the animal. If 
animals continue to lose weight despite supplements (wet mash etc) or remain 
comatose for more than 24 hours, these animals will be euthanized by laboratory 
personnel or LAM. 

1
(6)(6) 

V .4.3.4. Location:._ _______ __. 

V.4.3.5. Surgeon: Dr.L,f,..,,...><~..,..> ,,.......... ................ lc ....... om .... oe~tent in placement of jugular vein catheter) 
Ms.l<bX5l _J(graduate student) 

V.4.3.6. Myltlple Malor Survival Operative Procedures: N/A 

V .4.3.6.1 . Procedure&: 

V.4.3.6.2. Sctientiflc Justification: 

V.4.4. Anjmal Manipulations: 

V .4.4.1. lnJectJons: 

Soman treatment (Specific Alms 3). Male Sprague-Dawley rats (25~300 gm) 
receiving nerve agent will be injected with the oxime Hl-6 (125 mg/kg, ip) and 30 min 
later will receive soman (180 UQ/kQ; sc) or saline and post-exposure treatment with 
atropine methyl nitrate (AMN, 2 mg/kg, im, 0.16-0.19 ml), 1 min after soman. These 
treatments, Hl-6 (125 mg/kg, ip) and 30 min later soman (180 ug/kg, sc} and post
exposure treatment with ANM (2 mglkg, im) 1 min after soman, have been shown to 
reliably produce electrographic seizure activity within approximately 10 min. Rats are 
allowed to seize for 40 min and then treated with 1 o mg/kg, lml g~:zeparn (2_5 gauge 
needle, 0.6~-s74 mil t: stop/attenuate the seizures (as per Dr_< 6 I 
protocol at .... 11 _>< _> __ _.J 

Llnolanic acid will be injected via catheter. We will use a needle size ranging from 22 
to 25 gauge and the Injected volume is 0.3 .. 35 ml. 

Lactate Ringers solution. After the first 24 hours, laboratory per~onnel will cheek 
animals every 8 hours. All animals will receive Lactate Ringer's (5 ml, sc) or more if the 
rats are not drinking up to 25 ml/day, wet mash, apple slices and gel squares. 

Transcardial perfusion. When rats are euthanized, they will be placed under deep 
pentobarbital (50-75 mg/kg, i.p.} anesthesia. Once adequate anesthesia rs achieved 
(lack of response to toe pinch, slow even respirations), a mldsternal thoracotomy will be 
performed to expose the heart and the rats will undergo transcardial perfusion with cold 
PBS and 10% formalin. Generally, about 200 cc of each solution is sufficient per animal, 
but, more will be used if required. 

V.4.4.2. Blosamples: 
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In vivo experiments. The brains from the male Sprague-Dawley rats will be collected 
at the time of euthanasia Brain will be preserved for future studies. Hippocampi may 
need to be removed to detennine activated NF·1CB levels, a biomarker of linolenic acid. 

V.4.4.3. Adluvants: N/A 

V.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 

V.4.4.5. Animal Identification: 

A patch will be shaved on each animal's back and then marked with non-toxic 
pennanent ink with an individual ID. Sometimes, the ink fades in which case the ID will 
be re-inked on the patch. All cages have cage cards per LAM. Rats that receive nerve 
agent injection will be checked for their ink mark labels prior to injection of nerve agent 
to make sure they are clearty labeled. 

V.4.4.6. E}!havioral Studiae: 

Activity and Movement: General activity, movement. and coordination can be used as 
indices of overall health and well-being of rodents. Activity and movement serve as 
negative controls (brain areas relevant to movement should not be disrupted in tha 
currant study), and as a covariates for the other behavioral tasks that rely on animal 
locomotion for task completion. The locomotor and rotarod tasks have been used 
reliably for these purposes in Dr.1(6)(6) ~ab for many years. 

Open field locomotor activity. Locomotor activity is measured using an Omnitech 
Electronics Digiscan infrared photocell system. One-hour activity measurements are 
obtained (preferably during animals' active or dari< cycle). Animals are placed singly in 
a 40 X 40 X 30 cm clear Plexlglas arena covered by a perforated Ple><iglas lid. Data are 
automatically gathered and transmitted to a computer via an Omnltech Model DCM+ 
BBU analyzer. The interfaced software measures 21 activity variables, including total 
distance and horizontal and vertical activity. Chambers are cleaned between subjects 
with 35% isopropyl alcohol solution. 
The duration of locomotor activity testing Is a maximum of 60 min per day and can be 
perfonned on multiple days throughout the duration of the experiment. 

Rotarod: The rotarod test measures an animal's ability to maintain balance by 
coordinating movement and making postural adjustments. It also measures the ability to 
Improve ttiese skll\s with practice. Each rat rotarod treadmill (Med Associates, Inc, St. 
Albans, VT) consists of a motor-dri-ven drum with constant speed or accelerating speed 
modes of operation. The drum (7.0 cm diameter) allows each animal to maintain a 
suitable grip. It is divided into four test zones (8.9 cm wide) iO that up to four animals 
may be tested at the same time. The device consists of a smooth hard plastic cylinder 
with concentric circular plastic sides (39.7 cm diameter) to prevent the rat from laterally 
climbing off the cylinder. 
Rats are placed on the device facing the wall with the rod rotating in the direction 
opposite from the animal (so that the rat uses its paws to pace forwards end avoid 
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falling off the rod). When a rat falls off the rotating drum (height of 26.7 cm), it breaks a 
photobeam, stopping the timer associated with that zone. In each trial, the speed of 
rotation is increased from 0 revolutions per minute (rpm) to 35 rpm for a maximum of 3 
or 5 min. The mean duration on the device (based on 3 consecutive trials) is recorded. 
The procedures are based on reports in the literature (6-9}. Chambers are cleaned 
between subjects with 35% isopropyl alcohol solution. The duration of rotarod 
measurement is 9 or 15 min per day can be performed on multiple days throughout the 
duration of the experiment. 

Activation of the amygdala, a brain region vulnerable to soman-induced neuronal cell 
death, is involved in anxiety and stress-related behaviors. This can be measured using 
the total time spent in the center of an open field arena or number of entries into the 
center of the field. 

Anxiety 
Open field center time. The interfaced software measures time spent in the center vs. 
the margin of the open field. More time spent in the center of the apparatus is indicative 
of lower anxiety because the center of an open field may be more dangerous than the 
sides and comers. Chambers are cleaned between subjects with 35% isopropyl alcohol 
solution. The duration of open field center time measurement is 60 minutes per day, 
and data is gathered at the same time as general activity described above under "Open 
field locomotor activity" and can be perfonned on multiple days throughout the duration 
of the experiment. 

Research in humans and animals has clearly established that the hippocampus is 
involved in learning and memory (2). Rats lesioned in the hippocampus have a difficult 
time acquiring active avoidance responses (3,4) and retaining passive avoidance 
responses over a period of time (3-5). 

Learning and Memory 
Passive avoidance; Animals are trained and tested using an automated avoidance 
training system (Med Associates, St. Albans, VT) consisting of two 21 x 25 x 17 cm 
chambers separated by a vertically-sliding door. This task consists of a training day and 
a consecutive testing day. During training, the animal is placed in one chamber of the 
darkened apparatus. After a delay of 60 seconds, a light comes on and the door to the 
other, still darkened chamber, opens. Naive rats instinctively move quickly from the lit 
chamber into the dark chamber. When the rat crosses completely into the darkened 
chamber, the door closes, latency to cross is recorded by the interfaced computer, and 
a 0.8 mA (mild, non-damaging) shock is delivered through the grid floor for 1 sec. The 
rat is left in the darkened chamber in which the shock has been delivered for 30 sec to 
facilitate the fonnation of memory for the aversive event, and then removed. The 
procedure on testing day is identical except that the shock is not delivered if/when the 
animal crosses into the darkened chamber. Memory is presumed to have occurred if 
the animal does not cross into the chamber in which it previously was shocked, or if 
latency to cross is significantly longer during the testing trial than during the training trial. 
The duration of passive avoidance testing is 5 min on each of two consecutive days, 
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and is only performed once during an experiment. Chambers are cleaned with 35% 
isopropyl alcohol between animals. 

Active Avoidance: The active avoidance task is a fear-motivated associative avoidance 
test based on electric current as a source of punishment. In this task, a rodent learns to 
predict an aversive event (0.8 mA shock for 1 sec; 1 shock on day of training and 1 
shock on testing day if they don't remember the cue that they will be shocked) based on 
the presentation of a specific stimulus (lit chamber becomes darkened), and avoid the 
aversive event by actively moving into a lit co!Tipartment (10-11 ). The totat number of 
shocks each animal reeeives on the training day is one. If the animal remembers the 
cue that he will be shocked on the testing day~ the rat does not get shocked. If he 
doesn't remember, the rat gets shocked only once. Maximum number of shock sessions 
is 2 (one training day and one testing day). 
The measures recorded are: number of avoidances (rodent crossing to other 
compartment during stimulus signal), number of non-responses (rodent failing to cross 
during stimulus signal), and response latency (latency to avoid aversive stimulus). 
These measures serve as an index of learning and allow memory to be assessed. This 
task takes place in the shuttlebox apparatus described above for passive avoidance. It 
is performed on 2 consecutive days once during an experiment. Chambers are cleaned 
with 35% isopropyl alcohol between animals. 

The prefrontal cortex is involved in complex executive function, including planning, 
decision making, and controlling social behavior in humans. The social interaction 
paradigm has been used in rats to assess functioning of the prefrontal cortex in a rat 
model of schizophrenia ( 12). Further, rodent social interaction is correlated with 
neuronal morphology in the prefrontal cortex (13). The piriform cortex, also called the 
olfactory cortex, is related to processing of olfactory cues. Because rodent-rodent 
interaction involves sniffing and smelling one another, the social interaction paradigm 
will also be used to assess plriform cortex function. 

Interaction with Conspeclflcs 
Social interaction observation: Social interaction is videotaped in a 40 X 40 X 30 cm 
clear Plexiglas arena. A shield made of cardboard measuring 45 cm in height is placed 
around three sides of the test arena at a distance of 10 cm to minimize subject 
distraction. The camera is placed 30 cm away from the unshielded side of the arena. 
Video cables connect cameras to taping equipment nearby. Following each social 
interaction, arenas are cleaned with 35% isopropyl alcohol solution. Animals are paired 
for testing with another animal of the same sex and in the same experimental condition. 
Pairs are determined so that body weights are comparable. Prior to taping of the 
interaction, animals are placed in opposite comers of the arena and a slotted Plexiglas 
lid is placed on top of the arena. Social interactions are observed or videotaped for 1 O 
min for later scoring and analyses. We have not observed fighting to occur during the 
social interaction test. Animals typically engage in a range of social behaviors, including 
grooming, following and sniffing one another, and wrestling behavior (similar to 
wrestling behaviors exhibited by cage mates) but we have never seen an instance of 
biting. Animals are monitored continuously during the test both on video monitor and by 
listening for vocalizations (because fighting generally is accompanied by vocalizations). 
Should fighting occur, animals will be separated immediately and the test will be 
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terminated. The duration of the social interaction test is 10 min and can be performed 
multiple times throughout the experiment. 
Live scoring and/or videotapes made during the testing sessions will be quantified by a 
sampling procedure in which the behavior of each animal is scored by a trained rater 
once every three seconds for the entire 1 O min period. Behaviors are separated into 
three categories for analysis: Exploratory, Social, and Other. These procedures are 
based on classic protocols used to score and analy:ze behavior of children interacting in 
pairs (57, 58) and we have applied these same scoring categories to analyses of social 
rnteractions by rats (14, 15). 

Human and animal studies have shown that the amygdala may be implicated in 
depressive states and expression of depressive behaviors. In humans, increased 
amygdale volumes positively correlated with depressive symptoms in temporal lobe 
epilepsy (67). Rodent models have found that greater depressive-like behavior on the 
forced swim test is correlated with amygdala activation {16). 

Depression 
Swim test: The Porsolt swim test is widely used as an index of learned helplessness or 
depression (17·20). The procedure involves a repeated procedure in which rats are 
placed into a cylinder (approximately 65 cm tall and 25 cm diameter cylinder filled to a 
height of 48 cm with water that is between 28-32 °C on the first day for 15 minutes. 
After 15 minutes of swimming, the rats are removed from the water and are dried and 
warmed with towels and heat lamps. On subsequent days, rats are retested for 5 
minutes under identical conditions to determine the latency to become immobile (i.e., 
the rat initiates a stationary posture that does not reflect attempts to escape from the 
water), amount of time spent immobile, and number of times the animal becomes 
immobile, as detennined by video analysis software (AnyMaze, Stoetting, Wood Dale, 
IL). After 5 minutes, the animals are removed and then dried and warmed with towels 
and heat lamps. On the second day of testing, shorter latencies to assume an 
Immobile, floating position, more instances of immobility, and longer durations of 
immobility are interpreted as increased helplessness or depression. Alt rats are 
monitored the entire time and are removed from the water if they cannot swim or show 
signs of distress. Feces will be removed from the water between animals, and water 
will be replaced if it becomes too murky. The test lasts 15 minutes on the training day, 
and 5 minutes the consecutive testing day. This procedure can be performed several 
times throughout the experiment. 
Seizure Observation 
Animals will be placed into a cage separate from their homecage for observation and 
video analysis (AnyMaze, Stoelting, Wood Dale, IL) of seizure activity. Seizure activity 
is manually keyed for the duration of the seizure. AnyMaze software can analyze the 
video for latency to seize, seizure duration, and number of seizure occurrences. 

Seizure Observation 
Animals will be placed into a cage separate from their homecage for observation and 
video anatysis (AnyMaze, Stoelting, Wood Dale, IL) of seizure activity. Seizure actlvity 
is manually keyed for the duration of the seizure. AnyMaze software can analyze the 
video for latency to seize, seizure duration, and number of seizure occurrences. 
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Open fleld acUvlty 
(training) 
Rotarod 

D.a 2 
Optn field acllVlty 
testing 
Passive Avoidance 
tralnl · 

Da 3 
Paufw cwoidanct 
testing 
Forced SWlm Test 
tnlnln 

Da 4 
Forced swim 
testing 

Behavior te$t& are performed 14 da~.after. soman expc)sure. We are petformfng fou1 
behavior tests: rotarod. open field actl\lity, passlve/actlva avoidance. and the forced 
swim test. On any given day, animals are subjected to 1 training and testingfday or a 
training combined with the: rotarod because ·rotaro~:.,doe8 not r~qulre training. Anrmals 

J . ' . • • 

that undergo testing for the forced swim test are n6t subjected to any other training or 
test~ duT,g th~. te.malnder of the da~ All 6f;,havior teets;;·are completed in fout 
dayS/group· of animals. 

V.4.4.7. Other Procedures: 

Transcardial perfusion. When rats are euthanized they will be placed under deep 
pentobarbital (50-75 mg/kg) anesthesia as described above. Once adequate 
anesthesia is achieved (lack of response to toe pinch, slow even respirations), a 
mldstemal thOracotomy will be performed to expose the heart and the rats will undef'96 
transcardial perfusion with cold PBS and 10% formalin . Generally, about 200 cc of each 
solution is sufficient per animal bu more will be used If requ ired. Transcardial 
perfusion WiU be perfonned in ._b_><5_> __ _, 

Animal transportation! An animals will be transported tol(b)(o) Ion the morning 
soman is to be injected with soman in accordance with the LAM transportation SOP. 
Animals wHI be pre- or post~injected with linolenic add or saline. An animal protocol 
wlll ~so be subqtltt&d tol1b)(61 !for approval. The rats will b~ ~ro~ght back 
from~1 )(Cl) Jto LAM by lab personnel on the day of nerve agent 1nJect1on where 
they will be placed in home cages ( 1 ravcage ). 

General hlstologlcal procedures. For each brain studied, we will place two sections 
per slide and prepare 60 slides per rat Every other slide will be stained with cresyl 
violet and every other slide will be stained with FluoroJade. Nlssl-positive undamaged 
neurons and fluorescent-positive degenerating neurons are counted In the six brain 
regions (piliform cortex, hippocampus (CA 1, CA3), cerebral cortex, amygdala, 
thalamus, caudate/putamen]. counts will be performed without knowledge of the 
trea1ment history of the rats. 

Cresy\ Violet staining. Dried slides will be stained with cresy\ violet in the ·following 
manner: 

Treatment 
95% ETOH 
70% ETOH 
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50% ETOH 
DH20 
DH20 
Cresyl Violet Stain* 
DH20 
50% ETOH 
70% acid ETOH** 
95% ETOH 
95% ETOH 
100% ETOH 
Histoclear 

1 min. 
2 min. 
1 min 
2 min. 
1 min. 
1 min. 
2 min. 
2 min 

a few dips 
1 min 

mounting media 

*Cresyl violet preparation: add 1.25g cresyl violet acetate and 0.75 ml glacial acetic acid 
to 250 ml warm DH20, cool and filter. '"'*2 ml glacial acetic acid in 200 ml 70% ETOH. 
Note: Some people find histoclear vapor to be irritating and may require a mask. 

Histofluorescent labeling of degenerating neurons with Fluoro·Jade B (Specific Aim 1 
and 2). Formalin-fixed brains will be prepared as outrined above (Perfusion of rats for 
brain fixation) and brain sections will be cut through the designated brain regions on a 
cryostat. 
The sections will be collected in 0.1 M neutral phosphate buffer and mounted on 2% 
gelatin coated slides and then air dried on a slide warmer at 50 cc for at least 30 min. 
The slides will be transferred to a solution of 0.06% potassium permanganate for 10 
minutes on a shaker table to insure consistent background suppression between 
sections. The slides will be rinsed in distilled water for 2 minutes. From this point 
forward, the protocol is performed as much as possible away from the light. The 
staining solution will be prepared from a 0.01% stock solution for Fluoro-Jade B (10 mg 
of Fluoro-Jade B in 100 ml of distilled water). To make up 200 ml of staining solution, 
20 ml of stock solution will be added to180 ml 0.1 % acetic acid (180 µL Acetic Acid in 
180 ml distilled water). This results in a final dye concentration of 0.001 %. The stock 
solution is stable for 2 months when stored at 4 DC but the freshly made staining 
solution is prepared within 10 minutes of use and will not be reused. After 30 minutes in 
the staining solution in the dark, the slides will be rinsed for one minute in each of three 
distilled water washes. Excess water will be removed by briefly (about 15 seconds) 
draining the slides vertically on a paper towel. The slides will be rapidly placed on a 
slide warmer, set at approximately 50 °C, until they are fully dry (about 5-10 minutes). 
The dry slides will be cleared by immersion in xy!ene for at least one minute before 
coverslipping with DPX (Sigma-Aldrich, St. Louis, MO), a non-aqueous non-fluorescent 
plastic mounting media. Sections spaced 125 µm apart wm be viewed under fluorescein 
(FITC) optics in an Axiovert Zeiss microscope equipped for epifluorescence and 
photographed (10x magnification} using Axiovision software. A grid (170 x 170 µm) will 
be placed over a representative field in each of the six brain regions and the number of 
fluorescent cells will be counted, providing an estimate of the mean number of 
degenerating neurons for each animal. The mean number of Fluoro-Jade B-positive 
neurons± SD will be calculated and graphed as a histogram. 
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V.4.4.8. !issue Sharing: The brains from Specific Aim 1-3 will be collected at the 
time of euthanasia and remain available for future studies. All other tissues (organs etc) 
will be made available to other investigator upon request. 

V.4.5. StudV eruipoint: The sti.idy endpoint for rats used for S15ecific Aim 1 ·3 is 
survival until the p11rdetermined post-Operative time point, after which they will be 
euthanized. Prior to euthaniz.atlon rats will be anesthetized then euthanized for tissue 
collection as indicated above. 

V.4.6. Euthanasia: 

Experiment 1.~: Research personnel will perform all euthanasias except in cases 
where a L.AM veterinarian makes the decision that a particular an\mal needs to be 
euthanized. At the indicated endpoint, each mouse will be deeply anesthetized with 
Pentobarbltal (60..75 mg/kg Ip). Animals should be deeply anesthetized within 30 
minutes. A mldstemal thoracotomy will be performed to expose the heart and the mice 
will undergo transcardial perfusion with PBS and the 10% formalin in PBS. This 
procedure results in euthanasia from exsanguination under deep nembutal anesthesia. 

Rats that reach an early endpoint (see V.4.5) will be euthanized via cylinderized C02. 
Research. personne.1 or the Pl .will ~erform this early ~uthanas ia . The apparat~s for . 
euthanasia by C02 1s located 1r4tbn V..1temately, if requested by the Pl , animals wdl 
be euthanized by Center for LAM personnel) using cylinderized C02 in compliance with 
the 2008 AVMA Guidelines on Euthanasia. Euthanasia will be performed in the LAM 
CAF. If possible, an imals will be eutnanized in tneir home cage. If not, a c lean rodent 
cage will be used. Animals will be placed in the cage so that It is not overcrowded 
(each animal can place all four feet on the bottom of the cage.) With animals in the 
chamber, the flow rate of C02 will displace at least 20% of the chamber volume per 
minute. Gas flow will be maintained for at least one minute after respiration has 
stopped before removing animals from the cage. A supplemental method to ensure 
death {cervical dislocation or bilateral thoracotomy) may be used. 

v.s. Veterlnarv Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine anlmal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species In this 
protocol. 

V.5.1.1. Study Room: 

Buik:ling(sl l .... <6_>15_> _____ .,,..L Room Number(s)1...jl
5
_i<B_) ----.....&..-

V.5.1.2. Sgoclal Husbandry Provisions: 

Food Restriction: 

Fluid Restriction: 
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V.5.1.3. Exceptions: All animals will be housed individually after insertion of IV 
catheter. Animals Injected with soman will be given apple slices, wet mash and gel 
squares as food supplements on the floor of each cage. 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Veterlnaa Medical Care: 

V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 
V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animais on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PeRSONNeL QUALIFICATIONSITRAINING 

Protocol activity or 
procedure (e.g., tail vein Name of person 
lnlect\ons.euthanasia) Mfinrmina acttvitv 

small animal lDJ\O) 

surgery, Drug 
in}ections, tissue 
dissection, 
euthanasia. 
1ranscardial 
perfusion 

Catheter placement, 
small animal 
surgery, dtug 
injections, tissue 
dissection, 
euthanasia, 
transcardlal 
perfusion, brain 
section cutting, 
brain section 
staining and 
countinq 
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Qual ifications of person Specific training In thiS 
performing activity (e.g., activity or proc:MuM 
research technician.2 (e.g., rodent handling 

yrs exoerleoce) dass. 1999) 
1 year experience Investigator course 
with animal surgery; and rodent handfing 
3 + years rodent course (July, 2012) 
handling and 3 
years experience 
with tissue 
dissection and 
transcardial 
perfusion 
15 yea t experience Investigator course 
in rodent handling, and rodent handling 
surgery and tissue course ( 1 June 
dissection. 5 years 2007) 
experience in 
transcardial 
perfusion 
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Animal handling. 
agent injections, 
drug injections 

Euthanasia via 
transcardial 
perfusion 

Animal handling, 
tissue dissection, 
drug injections, 
transcardial 
perfusion 

Collaborator for 
behavioral 
measures 

Animal Handling, 
drug injections 

l(b1(6J 
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39+ years rodent 
handling, surgery 
and tiSSU& 

dissection; 15 years 
in EEG electrode 
emplacement in 
primates; 39 years 
EEG electrode 
emplacement in 
rodents 

30+ yr rodent 
handling, surgery, 
tissue dissection, 
euthanasia 

30+ yr rodent 
handling, surgery 
and tissue 
dissection; 3 'Jr 
expertence on 
transcardial 
perfusion 
Animal handling 
25+ yrs experience 
in: injections, drug 
administration, 
surgical 
implant/expafnt of 
osmotic mini
pumps. behavioral 
measures, 
biological sample 
collection 
anesttiesia1 
decapitation 
Animal handling 3+ 
years, 

Occ Health/zoonotic 
disease (01 /05/04 ), 
Rodent Handling 
(02105104), aseptic 
techniques and 
rodent anesthesia 
(November 2006), 
Anesthesia (March 
2006) and XCSM 
(nerve agent) 
custodian 
30 +years 
experience and on~ 
the-job training in 
handling small 
laboratory animals, 
anesthesia, 
guillotine usage, 
perfusion. Rodent 
handling course and 
investigator training 
course at NIH 
lnvestfgator training 
course at USUHS 
(Nov 1993). 

USUHS investigator 
Training and Animal 
Handling courses 
(several sessions, 
Including sessions 
in 1980 and in ear1y 
1990s); NIH/NtMH 
training courses 
(several in mid 
1980s); 25+ years 
experience witll rats 
and other rodents, 

USUHS investigator 
Training and Animal 
Handling courses; 
201 o~ 5 + years 
experience with 
rats. 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only In 
the activities and in the manner described herein , unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable. good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or stratE!gy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations oonceming radiation 
protection, biosafety. recombinant issues; and so forth. in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
haw been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training~ I verify that I have attended the USUHS Investigator/Animal User 

1 
.. raining Course. 
(b)(6) 

()I t .O~ l 1.3 

Pr'1ncipal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge ttie inherent moral. ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health. 
comfort. welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
;;Responsibility'' for implementing animal use altematives where feasible and conduct11 ~g 

humanl~:::: ...... 
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I. Painful Prccedure(s); 

I am conducting biomedica l experiments which may potentially cause more than 
momentary or sl i~ht pain or distress to animals. This potentia l pain and/or distress 
WILL or WILL NOT be relieved with the use of anesthetics. analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

l(b)(6) I 
01 oR h3 

Principal Investigator Signature Date • 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number:[ ,_0_><
5
_> ___ _. 

B. Animal Protocol Title: Linolenic Acid : An omega 3 fatty acid that protects 
against soman-induced neuropathology in Sprague-Dawley rats 

C. Principal lnvestigator: l ... (b_x6
_> ____ ..... 

D. Performing Organization: USUHS 

E. r:unding: DTRA 

f. Qblective and Approach: The objective is to develop innovative and safe 
strategies to protect the brain against soman-induced neuropathology. The approach is to 
inject multiple doses of linolenic acid as a post-treatment strategy and determine neuronal 
survival. We will determine whether the neuroprotective effect of linolenic acid translates in 
an improvement of functional outcome through behavioral testing. 

G. Indexing Tenns (Descriptors): linolenic acid, soman, rat, neuroprotection, 
neurodegeneration, nerve agents, rotorod, open field, depression, 
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UNIFORMED SE.~VICES UNIVERSITY OF rHE HEALTH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHe:soA, MARYL.AND 20814-4799 

April 1, 2014 

MEMORANDUM FOR DR ..... l<
6_X6_1 __ ___,!DEPARTMENT OF NEUROLOGY 

SUBJECT: IACUC Approval of Protocol- Initial Review 

The following application was reviewed and approved by the Uniformed Services 
University of the Health Scieoc<:s (USUHS) Institutional Animal Care and Use Committee 
(JA:CUC) via Designated Member Review on April 1, 2014; 

AnimaLProto_coLiitlc; •·Possible involvement of Alpha·liolenic acid-induced ncuropilastic effects 
against soman-induoed brain damage" 

US VHS Protooo.I Number: ... l<b_><
5_1 ___ __, 

Expiration Date: March 31 , 2017 

SiJ111!otti1~g Grartt(~ Number: ... rn_116_1 
__ __, 

Name of Principal Investigator: Dr .... l<0_li_61 ___ __. 

The USUHS has an Animal Welfare Assurance on file with the Office for Latioratory 
Animal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Number is 

1(6){6) J The lACUC approved lhe above referenced application as submitted. 

An annual review is required for each oflhc three years of this protocol. This review 
must be completed by lhe anniversary date of the protocol. If work is to be continued past lhe 
expiration date, a triennial review must be cdmplctcd prior to the expiration date in order for 
work to be unintcm.lpted. Protocol expiration dates may not be extended, and no anima~ work 
may be done without an approved prot0<.'-01. Although the IACUC may send reminders. it is the 
investigator's rcsponsilbillty to submit an annual review fonn (Form 3206A) at least 30 days in 
advance, ot a new Fonn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing you.r first animal o_r_der, please contact MAJjIBH6l lro schedule 
a pre-'Protocol planning meettnjb'lt6i I This meeting must occur to ensure aaitnal numtiers 
are loaded in. tbc CART system and LAM: res · neel your needs. 

Ph.D . .......,.,,,....,,..._-..,,.-..... 
Cbair. lnstimtional Animal 

Care and Use Committee. USUHS 
oc: 
Office ofResearch 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET IACUC Dale Slemp 

~,(b~)(~6)~~~~~~~~--

P _8<C) T 0C OL NUMJiER: ----------

PROTOCOL TITLE; Posslble involvement of Alpha-linolenic acid-induced neuropl1astlc 
effects agalnst soman~induced bfaln damage 

GRANT TITLE Of different from abo_ve)_; 

tJSUHS PROJECT NUMBER: approved conveyance to,_fb_x6_i --

FUNDING AGENCY: NIH 

E~RLIESf ANTICIPATE'O FUNOtNG START DATE! January 2014 

PRINCl:PAI.. INVESTIGATOR: f6X6) 

t:oru IMW.~•r Si:Mlu: l '""====o-"f-Ptftr_Jart~eJb):ffice/Lab Telaphone 

SCIENTIFIC REVIEW: This animal use proposal reGelved appropnate peer scientific 
review and ts consistent with good scientinc research practice. 

Re~ecych Uflli Chief I De:pl. Heao lgnature 
T~Name: 

ST.J\TISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to enstJre 'that the number of animals used Is appropriate to obtain sufficient 
data and/or is not excessive. and the statistical design Is appropriate for the intent of the 
study. 

Statistician Signature 
T!1l)ad Name: 

Department Telephone Date 

AtJENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the AttefldiMg Veteiilnariart was consulted 1n the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress. even if 
relieved by anestnetics or analgesics. 
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ANIMAL. PROTOCOL NUMBER: 

PRINCIPAl INVESIIGATOR: .... 1<6_><
6
_
1 
-----

ANIMAL PROTOCOL TITLE: Possible involvement of Alpha-linolenic acid (LIN)
tnduc.ed 1neuro~lastic effects against soman-induced brain damage in male Sprague
Dawley rats 

,GRANT TltLE Of different fmm above}; 

USU HS PROJECT NUMBER: 

~0=~NVESTIGAT0Rf Sl:._l<6>_t
6i __ ___.I Ph.D ..... li6_1<6_1 ___ _.!Ph.D . .... F_111

_> __ __ 

TECHNICJANS(S}: 

I. NONr-TECHNICAL SYNOPSIS~ 
Nerve agents repregent a key threat to the United States military and civilian 
populations. These agents block a crucial brain enzyme, acetylcholinesterase, which in 
turn leads to brain hyperactivity. Brain hyperactivity results in sei2ures. A severe type 
of seitur:e is status epilepticos, seizures lasting more than 5 minutes, and is commonly 
observed following exposure to chemical warfare agents" Status epilepticus is a 
medical emergency because it can lead to severe brain damage and/or death. The 
current therapy for nerve agent-induced status epilepticus is ineffectual in preventing 
the brain damage. Thus, compounds that protect the brain against nerve ag.ents are 
required to attenuate or prevent damage and improve outcome. 

a-Linoienic acid (LIN) is an omega-3 fatty acid found in v@getable products such as flax 
and pumpkin seeds. Llnolenic acid Is a dietary supplement that can be purchased over 
the counter. a-Linolenic acid has been shown to significantly protect agai1nst the brain 
damage caused by status epilepticus induced by kainic acid. a compound that is found 
in a particula1r type of seaweed. Therefore, we tested whether linolenic acid may protect 
against soman-inauced brain damage caused by status epilepticus. Our data show tha1t 
adrninlstiratioin of a single dose of a-liholenic addl injected intravenously either before or 
after somarn significantly protects vulnerable brain cells against soman-inducedl brain 
damage twenty four !hours after nerve agent injection. Out most recent results provide 
convincing evidence that three doses of a-linolenic acid administered by intravenous. 
injection after soman significantly protects again!5t soman-induced brain damage. Brain 
networks were examined through behavioral testing. Administration of 3 dose.s of a
linolenic acid injected after soman exerts an anti-depressant-like activity as measuredi 
by lthe Porsolt swim test, significantly improved performance on the rotarod as well as, 
memory consolidation and memory processes (see below). 

Catheters will be placed into a medium sized vein and patency of the catheters will be. 
maintained oy a heparin-saline solution. The oxime, Hl-6, ill be administered before and 
atrnpine and diazepam will be administered after injection of the nerve agent, soman. 
Hl-6, atropine and diazepam improve survival of animals exposed to soman:, l he 
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neuroprotective agent, a-linolenic acid, will be injected into the animals three times over 
a 7 day period via the catheters after nerve agent. 

We now wish to test the hypothesis that the well-established in vivo a-linolenic acid
induced neuroplastic effects contribute at least in part to the observed increase in 
animal survival, neuronal survival and improvement in functional outcome by activating 
the mammalian target of rapamycin in the hippocampus. 

II. BACKGROUND: 

11.1. Background: 

Nerve agents and neurodegeneration. Nerve agents irreversibly inhibit the 
cholinesterase enzyme. Inhibition of acetylcholinesterase (AchE) results in elevated 
acetylcholine (Ach) levels in synapses in the peripheral and central nervous system 
(CNS) leading to the progression of toxic signs including hypersecretions, tremors, 
seizures, respiratory distress and ultimately death. 

It is established that prolonged seizures are responsible for the neuropathology caused 
by nerve agents. Termination of seizures within 10 min results in no neuronal cell death 
whereas 20 minutes of seizure activity results in mild neuronal cell death; further delay 
in controlling seizures dramatically increases the neuropathology in animal models. 
Moreover, the longer seizures continue the higher the probability for the development of 
status epilepticus, a serious complication of seizure activity defined as a prolonged 
seizure or continuous seizures lasting more than five minutes without regaining 
consciousness. The brain region that shows the most severe damage is the amygdala 
followed by the piriform cortex, hippocampus, cortex, thalamus, and caudate/putamen. 
Anticonvulsants such as benzodiazepines decrease seizure activity and improve 
outcome but their efficacy to attenuate or abolish nerve agent-induced seizures 
depends upon the administration time post-exposure of the nerve agent. For example, 
the mean latency for seizure termination by midazolam (the most effective 
anticonvulsant) given five minutes after the induction of seizure activity induced by 
either soman or sarin was twenty minutes. Thus, even under the most ideal conditions, 
there is attendant brain damage (McDonough et al., 1997). In addition, 
benzodiazepines such as midazolam can cause respiratory depression and exacerbate 
nerve agent-induced respiratory depression leading to increased brain injury and/or 
death. 

Glutamate and excitotoxicity. Neurodegeneration caused by prolonged seizure 
activity is an example of hypoxic-ischemic neuronal injury. The primary event in nerve 
agent-induced seizures is the excessive accumulation of Achin synapses which results 
in the release of the excitatory amino acid glutamate. Glutamate, the endogenous 
neurotransmitter required for normal physiological excitation, is involved in the 
pathophysiology of hypoxic-ischemic neuronal injury. Although this neuropathological 
process can be mediated by any of the excitatory amino acid receptors, the N-methyl-0-
aspartate (NMDA) glutamate receptor subtype plays a crucial role. Overactivation of 
postsynaptic NMDA receptors is thought to result in a massive influx of calcium leading 
to biochemical and metabolic events that result in neurodegeneration. This process is 
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referred to as excitotoxicity. The NMDA glutamate receptor subtype plays a crucial role 
in neuronal cell death mediated by nerve agents. These results confirm the role of 
NMDA receptors in nerve agent-induced neurodegeneration and validate the 
mechanism of neuronal cell death. 
The vulnerable brain regions that are involved in nerve agent-induced neuropathology 
would be expected to impair learning and memory (hippocampus, dorsal medial nucleus 
of the thalamus), emotional memory (amygdala), cognition (cortex) and movement 
(caudate/putamen}. Because of the long latency required to terminate seizures, 
soldiers are at high risk for developing the neuropathology. Thus, it is essential to 
develop effective neuroprotective treatments and preventative therapies. 

Linolenic acid is an essential polyunsaturated fatty acid (PUFA) and the only omega-
3 fatty acid found in vegetable products. It is most abundant in flaxseed oil. It is 
commercially available and can be purchased over the counter as a nutritional 
supplement. Protective effects of a-linolenic acid have been convincingly demonstrated 
in models of stroke, spinal cord injury and brain damage due to status epilepticus 
induced by kainic acid. PUFAs also have beneficial effects on mood as alpha-linolenic 
acid has been shown to exert an anti-depressant effect in women. Our most recent 
work demonstrated that three doses of a-linolenic acid increases neurogenesis, 
synaptogenesis. synaptic function and brain-derived neurotrophic factor (BDNF) levels 
in brain. 

We have demonstrated previously that administration of a single dose of alpha-linolenic 
acid injected intravenously into adult male Sprague-Dawley rats either 3 days before or 
30 minutes after soman protects significantly against soman-induced brain damage 
(Pan et al., 2012). We now have convincing evidence that administration of three doses 
of alpha-linolenic acid injected 30 min, 3 days and 7 days after soman increases animal 
survival, neuronal survival and improves functional outcome. 

Alpha-linolenic acid (LIN) exerts an anti~epressant-like activity. Administration of 3 
doses of LIN exerts an anti-depressant activity in soman-treated animals. Groups of 
animals were administered soman (1.6xLD50 s.c.) followed by a-linolenic acid (500 
nmol/kg, iv; LIN500) at 30 
min, 3 days and 7 days 
after soman. 
Control groups consisted of 
saline for soman and 
vehicle (0.05% ethanol) for 
LIN500; vehicle (veh) was 
injected intravenously. 
Two weeks after 
soman/veh exposure, all 

I 

Flgur9 1. Thr9e doses of a
linolenic acid Hert an anti· 
depreeaant effect In aoman
treated animals. Performance 
in the Porsolt forced swimming 
test was measured as time 
spent being immobile in 

,_.,.. '""'•'"'... .__,... ,...,..,..... seconds (s). FST was 
conducted two weeks after 

dministration of somantveh. •p < 0.05 vs salinefveh (vehicle) or saline/LIN (o
linolenic acid) group. #p <0.05 vs somanlveh (n = 8-10 animals/group). 

groups of animals were subjected to the Porsolt forced swim test {Porsolt et al., 1977). 
The forced swim test (FST) is a behavioral despair test and is the most widely used test 
to screen antidepressant drugs. Exposure to soman significantly increased immobility 
time; post-treatment with three doses of LIN500 following soman elicited a significant 
antidepressant-like effect, producing a 3.8-fold decrease in the FST immobility time 
compared with soman/vehicle (Figure 1 ). The locomotor activity in LIN500-injected rats 
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was comparable with that observed in vehicle-treated animals ensuring that the 
increased active behaviors in FST were not secondary to a nonspecific increase in 
motor activity. These results demonstrate for the first time that 3 doses of a-linolenic 
acid exert an anti-depressant effect on animals damaged by soman. 

A critical mechanism in the modulation of antidepressant treatment response occurs 
through increased brain-derived neurotrophic factor (BDNF) synthesis and its signaling 
pathways in brain. Converging lines of evidence have shown that the mechanisms of 
antidepressants are related to several mechanisms of neuroplasticity, ranging from 
changes in gene expression (including neurotrophic mechanisms) to synaptic 
transmission and plasticity, and neurogenesis (Lemaire et al., 2000: Racagni et al., 
2008; Shers et al., 2001). Our previous results demonstrated that three doses of LIN500 
administered intravenously over a seven day period increased BDNF levels, 
neurogenesis synaptogenesis and synaptic function in specific brain regions (Blondeau 
et al., 2009), properties well known for the efficiency of antidepressant drugs (Castren et 
al., 2007). 

Research activities focusing on neural stem cells have shown that promoting their 
proliferation or grafting/infusing them by different routes into the brain leads to 
neurological improvement in different brain disease models (Capone et al.. 2007; 
Maysami et al., 2008; Nomura et al., 2005; Pallini et al., 2005; Bramham, 2008: Cohen 
and Greenberg, 2008). This benefit does not come only by their capacity to replace lost 
neurons. They can also trigger several other mechanisms, such as the induction of 
survival-promoting neurotrophic factors or promote the restoration of synaptic 
transmitter release function by integrating into existing synaptic networks, and thus 
improve the functional circuitry. Three doses of a-linolenic acid promote neural stem cell 
proliferation, synaptogenesis and synaptic function (Blondeau et al., 2009). It is worth 
noting that neural stem cells can induce the transcription of protective factors, such as 
BDNF, which would be expected to modify the ischemic environment and promote 
neuroprotection. The in vitro and in vivo studies show that the expression of BDNF 
levels was increased after a-linolenic acid treatment in neural stem cells, hippocampal 
mature neurons, and in cortical/hippocampal tissue (5). BDNF is a potent enhancer of 
neurogenesis in intact (Lee et al., 2002) and ischemic brains (Liu et al., 1998; Zhu et al., 
2011 ). Soman-induced status epilepticus would be expected to create an ischemic 
environment and it has been demonstrated that neurogenesis is impaired in this model 
(Joosen et al., 2009). The increase of mature BDNF, enhanced neurogenesis, 
synaptogenesis and synaptic function (see below) induced by a-linolenic acid may lead 
to increased brain protection and an environmental change favorable toward recovery of 
functional network circuitry. 

In a mouse model of stroke, a single injection of a-linolenic acid, after the onset of 
stroke, significantly reduced infarct size and improved the neurological score 24-h post
ischemia. Although the single injection of a-linolenic acid did not improve long-term 
survival rate, repeated a-linolenic acid injections significantly improved survival, 
suggesting that subchronic a-linolenic acid treatment triggers other protective pathways 
(Heurteaux et al., 2006). Mature BDNF protein levels increased in the cortex and 
hippocampus following the injection of three doses of a-linolenic acid given iv (day 1, 
day 3, day 7) in control mice (Blondeau et al., 2009). BDNF is widely expressed in brain 
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where it carries out diverse functions including neuronal maintenance, learning and 
memory, enhanced neuronal survival in vivo and in vitro (Acheson et al., 1995; Fawcett 
et al., 1998; Ghosh et al., 1994; Gottschalk et al., 1998; Jiang et al., 2005; Korte et al., 
1995; Lu and Figurov, 1997; Marini et al., 1998; Mattson et al., 2006; Miller and Kaplan, 
2001; Suen et al., 1997; Tong et al., 1998; Yan et al., 1992); BDNF mediates these 
effects through its high affinity receptor, TrkB (Aloyz et al., 1999; Friedman and Greene. 
1999; Kafitz et al., 1999; Kaplan and Miller, 2000; Klein et al.. 1991: Soppet et al., 
1991 ). lt has been previously shown that BDNF increases neurogenesis, synapse 
formation and synaptic transmission (Katoh-Semba et al., 2002; Lee et al., 2002a; Lee 
et al., 2002b; Pencea et al.. 2001 ). 

Administration of three doses a-linolenic acid given intravenously on day 1, day 3 and 
day 7 in control mice also enhanced neurogenesis over baseline levels on day 10 in the 
hippocampus. Western blot experiments showed a 1.7 and 3.2-fold increase in 
synaptophysin in the cortex and hippocampus respectively. Increases in the expression 
of synaptobrevin and soluble synaptosomal-associated protein of 25kD (SNAP-25) by 
approximately 2-fold were also found in the cortex and hippocampus. Both proteins 
play a key role in exocytosis by participating in the fusion process. The protein 
expression of vesicular glutamate transporters V-GLUT1 and V-GLUT2 increased in the 
cortex and hippocampus; both are expressed in adult brain (Blondeau et al., 2009). 
Neuronal injury itself can lead to neural proliferation as a compensatory mechanism for 
cell death in the hippocampus (Gould and Tanapat, 1997; Liu et al., 1998) and growth 
factors such as BDNF play a prominent role in promoting neuronal differentiation and 
survival (Lowenstein and Arsenault, 1996). a-Linolenic acid may further promote the 
restoration of synaptic transmitter release function thus improving the function of 
damaged circuits. We hypothesize that chronic treatment with a-linolenic acid restores 
network circuitry damaged by soman via enhanced neurogenesis, synaptic function and 
synaptogenesis in the hippocampus and cortex, two major brain regions involved in 
plasticity and heavily damaged after nerve agent exposure. 

We now show that three doses of a-linolenic acid administered 30 min, 3 days and 7 
days after soman exposure increases animal survival. 
The neuroprotective effect of 1"' uN ;,~ -..N Figure 2. Administration of three Injections 
3 doses of a-linolenic acid r----i I of a-llnolenlc acid (LIN) slgnlflcantly 
administered intravenously Improves survival rate. Young male 

1 
Sprague-Dawley rats were injected with a· 

(i.v.) 30 min, 3 days and 7 1 • linolenic acid intravenously (500 nmollkg: 
days after soman j LIN500) or vehicle (0.05% ETOH; veh} 30 min 
(soman/LIN500) is (1injection;1 inj}, or 30 min, 3 days and 7 days 

(3 injections; 3 inj) after soman exposure. 
accompanied by a 2-fold //.0 • //.0 '/ Controls consisting of saline in place of soman 
increase in survival rate 21 -'/. ~ -'/.I'/ were also incorporated into the experiment. 
days after soman SuNival rate was measured on day 21 ... p < 

(somanNeh) exposure .001 vs saline/veh or saline/LIN500 group and #p < 0.05 vs soman/veh 
rou b Fisher exact test n=1J..15~ rou , 

(Figure 2). We observed no 
increase in survival when a-linolenic acid (LIN500) was injected once, 30 min after 
soman exposure. There were no deaths in control groups (saline/veh; saline/LIN500). 
These results are comparable to our previous results where a single injection of LIN500 
failed to improve animal survival following middle cerebral artery occlusion model 
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(IMCAO) ·Of stroke but where three injections (30 min, 3 days, 7 days) after MCAO 
increased animal surrvival 3-fold (Bfondeau et al. 2009). 

We hypothesize that enhanced neurogenesis1 synaptogenesis, synaptic 
neurotransmission and BONIF levels in cortex and hippocampus, play a critical role in 
the observed increase in animal survival and anti-depressant-like activity in animals that 
recerved three 
doses of o
linolenic acid after 
soman, We further 
hypothesize that 
one of the known 
downstream 
targets of BDNF 
via tts high affinity 
receptor. T1rkB, is 
the mammallian 
targ·et of 
rapamycin ( rntor). 

BDNF~induced 
activation of TrkB 
lead to the 
actlvaHon of three 
main 1ntracellular 
signaling 

I 
' 

1 

I 

I Pl31< i 

14;11 
... f'""" 

• [ tr I 

I I .. 

••!llll!lllfldl> ·ou • i' ,. 

" 'JIM-

Ttan'fthlllon •n•ll-•un 
- •vn APU< f)l'Ol:ein i.)lnU'l •"Ms 

F10.2. S.mplifttd dllGrMI 11bt111tl~O I~• mTOR •io~•1io ~""'°'*V Uoditiodfrom Frooreat 1n Nturo-P.yeholllwlnnacolooY and 
Blologr<•I P,,yc•i.nrr Vo"' .. 40 2013 240 • 24$ 

pathways: 1) the phospholipase Cy (PLCv) pathway, which leads to activation of 
protein kinase C; 2) the mitogen .. activated protein kinase [MAPK1 or extracellular signal 
~elated kinase (ERK)] pathway, which activates several downstream effectors; and 3) 
the phosphat1dylinositol 3-klnase {P13K) pathway that activates the serine/threonine 
kinase Akt. MAPK and P13K play crucial roles in neuronal survival, protein-synthesis 
dependent plasticity and neurogenesis. 
The MAPKs are a spedfic class of serine/threonine kinases which respond to 
extracellular signalls such as growth factors . mitogens, cellular stress and mediate 
proliferation, differentiation. and cell survival in mammalian cells. One of the MAPKs 
'Within mammalian cells is the extracellullar signal-related kinases (ERKs). Several 
investigations have indicated that ERK promotes cell survival and proliferation. ERK is a 
thireonine~glutamic acid-tyrosine (Thr~Glu~Tyr) motif divided into two subtypes: ERK1 
and ERK'.2. Activation of ERK by neurotrophins stimulates ras, which activates 
MAPKKIK, MAPKK and ERK [Lu and Chow, 1999; Mcallister et al., 1999; Tyler et al., 
2002; West et al., 2001J. The Pl3Ks are enzymes that initiate signaling cascades. Akt is 
a serine/threonine protein kinase and a major downstream target of P13K. This pathway 
is known for regulating metabolismi cell growth and survival and recently has been 
associated with synaptic plasticity and antidepressant behavior. 

Low expression of Akt has been related to neurodegeneration, whereas the increased 
activation 1of Alkt is neuroprotective [Lee et al., 2006], The phosphorylation of Thr308 
and Ser473 of Akt fully activa~es Akt. which then phosphorylates a diverse number of 
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protein substrates containing the consensus sequence of RXRXXSfT [LaPiccolo et al., 
2008]. Akt phosphorylation at ser473 is associated with neuroprotection after seizure
induced neuronal death [Piermartiri et al., 2009]. The substrates activated by Akt 
include Bcl-2-associated death promoter (BAD), Caspase 9, mammalian target of 
rapamycin (mTOR), IKB kinase (IKK), NF-Kappa B, glycogen synthase kinase 313 (GSK-
3~). cAMP response element-binding (CREB) among others. The phosphorylation of 
these substrates eventually elicits multiple biological responses. 

The Pl3K-Akt and ERK are the two pathways involved in the activation of the 
mammalian target of rapamycin (mTOR) signaling (Fig 2) [Chandran et al., 2013). The 
mTOR is a large serine-threonine kinase that exists in two distinct heteromeric protein 
complexes referred to as mTOR complex 1 (mTORC1) and mTOR complex 2 
(mTORC2). The mTORC1 is sensitive to the selective inhibitor rapamycin and it is 
activated by phosphorylation of serine 2448 in the canonical Pl3K- Akt pathway after 
growth factor stimulation. However, additional signaling cascades also activate m TOR 
(Chong et al., 2012]. Rapamycin does not directly inhibit mTOR kinase activity; instead, 
it binds to FKBP12 and disrupts the mTOR-RAPTOR interaction, e.g. the complex of 
mTORC1. By contrast. mTORC2 is resistant to rapamycin, and recent studies have 
suggested that mTORC2 may phosphorylate Akt at S473 [Sarbassov et al., 2005; 
Sarbassov et al., 2004] but its mechanisms in brain plasticity and neurogenesis are not 
well understood. 

The role of mTORC1 in neurological disorders. Treatments that activate Akt and 
mTOR mediate neuroprotective effects against ischemic brain injury [Koh, 2008], and 
contribute to recover motor function after spinal cord injury [Hu et al., 2010]. Activation 
of AKT/ERK/mTOR signaling pathway in the brain mediates protein-dependent synaptic 
plasticity [Slipczuk et al., 2009], neural differentiation and proliferation during 
neurogenesis [Han et al., 2008; Otsegi et al., 2006; Paliouras et al., 2012], and has 
been proposed to be part of the mechanism underlying antidepressant effects 
(Marsden, 2012). The antidepressant effect in rats is abolished when animals are 
treated with either rapamycin or with the Pl3K inhibitor (L Y2g4002) or the ERK inhibitor 
(U0126). an effect possibly related to concomitant inhibition of synaptogenesis [ Li et al., 
201 O]. 
However, hyperactive mTOR leads to epilepsy, and inhibition of mTOR has 
antiepileptogenic properties in some model of epilepsy [Zeng et al., 2008; McMahon et 
al., 2012; Buckmaster et al., 2011]. But chronic inhibition of mTOR has been reported to 
induce prodepressant effects in a rat model of absence epilepsy [Russo et al., 2013]. In 
a recent extensive review of mTOR and epilepsy, Russo et al. [Russo et al.. 2012] 
concluded that the activation status of mTOR is "complex and variable" and "might be 
limited to certain types of epilepsy and epileptogenic process", suggesting that the 
nature of the brain insult may contribute to the degree of m TOR activation. 
The activation of mTOR signaling by neurotrophins increases the translation of synaptic 
proteins, which is essential for synaptic plasticity, by two mechanisms. First, mTORC1 
phosphorylates and inactivates the elF4E-binding protein (4E-BPs), which facilitates 
translation initiation by releasing the inhibition of eukaryotic initiation factor 4E (e1F4E), 
a crucial initiation factor in cap-dependent translation. The association of 4E-BPs with 
elF-4E inhibits the ability of elF-4E to associate with elF-4G and initiate translation. 
Second, it activates p70S6 kinase, an enzyme that controls translation at a number of 

USUHS Form 3206- Revised October 2008 
Previous versions are obsolete 

8 



levels, including synthesis of the SS ribosomal subunit. phosphorylation of RNA helicase 
cofactor elF4A and inhibition of eukaryotic elongation factor 2 (eEF.2) kinase [Kuhn et 
al., 1996]. The p70S6 kinase and 4E-BP are also regulated by MAPKIERK to control 
protein-synthesis dependent plasticity [Hartman et al. , 2012]. and p70S6 can further 
phosphorylate mTOR setting up an autoregulatory mechanism. Protein-dependent 
synaptic plasticity strengthens the neuronal connection and helps to regulate memory 
storage in the brain. On the other hand, excessive protein synthesis results in 
behavioral deficits. instead of improving neuroplasticity, suggesting a temporal window 
to where mTOR should be carefully modulated (Troca-Marin et al. , 2012). Taken 
together, the LIN-induced increase in BONF to enhance neuronal survival, synaptic 
plasticity and neurogenesis may play a central role in ameliorating the soman-induced 
neuronal damage and cognitive impairment in rodents . 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: PubMed, OTIC, BRO, ToxNet, NIH Reporter 

11.2.2. Date of Search: January 27, 2014 

11.2.3. Period of Search: 1980-2013 

11.2.4. Key Words and Search Strategv: alpha-linolenic acid, soman, rat, 
neuropathology, brain damage, excitotoxicity 

11.2.5. Results of Search: 

BRD: no hits 
DTIC: no hits 
PubMed: 3 hit. One paper (Lauritzen et al. , 2000) described the neuroprotective effect 
of linolenic acid against ka inic acid-Induced status epilepticus and another paper 
described that the protective effect against ischemic stroke requires activated NF-KB 
(Blondeau et al., 2001). The third pape~16)(6> ~hich was published in the journal 
Neurotoxicology in 2012 (33(5):1219-29). The current project is an extension of our 
work where we have convincing data indicating that three doses of alpha-linolenic acid 
increase animal survival , neuronal survival in four major brain regions known to be 
vulnerable to soman and an improvement in functional outcome in animals exposed to a 
highly toxic dose of soman. 

Ill. OBJECTIVE\HYPOTHESIS: The objective of this project is to determine the role of 
the known alpha-linolenic acid-induced neuroplastic effects in the observed increase in 
animal survival, neuronal survival and the improvement in functional outcome in soman
induced brain damage. 

IV. MILITARY RELEVANCE: 
These studies are justified because the use of soman is a model for nerve agent
induced seizures, an expected effect of nerve agent exposure of military personnel in 
international conflicts and civilian populations. Identification of new neuroprotective 
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agents is highly relevant to enhance treatment response capabilities. Thus, the 
knowledge obtained from the proposed investigations may benefit many active duty 
personnel as well as civilians. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

Experimental Design: 

r 
Animals 
arrive at 
USU HS 

•• 

Insertion of 
external 
jugular 
catheters 7 
days later 

r 
Exposure to 
soman 7 days 
after catheter 
insertion 

. 

LJN 3 doses 
30 min, 3 days 
and 7 days after 
soman 

Behavior 
studies 
will be 
performed 
14 days after 
Soman 

Animals 
euthanized on 
day 1 O and 
day 21 after 
soman 
exposure 

Experimental Design: On either day 10 or day 21 after soman exposure, rats will be 
euthanized, brains fixed and sectioned for immunohistochemistry. A subset of rats will be 
euthanized 10 days after soman exposure, the brains harvested and stored at -80°C for 
western blot analysis. The brain regions investigated will be the hippocampus and 
prefrontal cortex. Another group of rats will be subjected to behavior studies and will be 
euthanized on day 21. 

Experiment 1) Investigation of BDNF!TrkB and signaling pathways: western blot will be 
performed to determine changes in expression of BDNF, the presynaptic proteins 
synaptophysin-1, SNAP25 and postsynaptic density protein-95 (PSD-95). 

Experiment 2) Correlation of mTOR signaling pathway with neurogenesis, synaptic 
plasticity and behavior: We will further test the role of the activation of mTOR in the well
known neuroplastic effects of LIN and correlate mTOR signaling to LIN-induced 
neuroprotection by blocking mTOR pathway with rapamycin (an mTOR antagonist), 
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Drug treatment 

All of the procedures for exposing the animals to soman and post-treatment with LIN are 
described below. LIN will be administered 30 min, 3 days and 7 days after soman 
exposure by intravenous injection via an external jugular catheter. 

Soman-induced seizures: The animals will not receive anesthesia or analgesia during 
the time the animals seize following injection of soman. Rats receiving soman will be 
injected with the oxime Hl-6 (125 mg/kg, ip) and 30 min later will receive soman (180 
ug/kg, sc) followed by post-exposure treatment with atropine methyl nitrate [AMN] (2 
mg/kg, im, 1 min after soman. All soman-treated animals will receive diazepam (10 
mg/kg im) 40 min after onset of status epilepticus. 

Additional drug treatments are alpha-linolenic acid, BrdU, rapamycin and 
paraformaldehyde for perfusion (see V.4.4.1. Injections) 

Histological procedures include cresyl violet staining, immunohistochemistry, 
FluroJade C staining. 

V.1.1. Experiment 1: Determine neurogenesis in the subgranular zone of the dentate 
gyrus induced by Linolenic acid after soman exposure. 

V.1.2. Experiment 2: To determine the role of the mTOR pathway in LIN-induced 
neuroprotection and improved functional outcome following soman exposure. 

V.2. Data Analvsis: lmmunohistochemistry, Western blot and behavioral outcomes 
will be compared between groups using analysis of variance (ANOVA) followed by post
hoc t tests for specific comparisons of interest. Data will be examined for normality and 
constant variance and will be transformed if necessary, and nonparametric tests, e.g. 
Kruskal-Wallis and Mann-Whitney will be used if transformation is not sufficient. A 
sample size of 6 per group will have 80% power to detect a difference of 1.8 standard deviations 
between groups based on a two-group t test with a 5%, two-sided significance level. Differences 
of this magnitude have been observed in previous studies in this laboratory. 

Experiment 1. Determine neurogenesis induced by Linolenic acid after soman 
exposure. 

BrdU administration and Measurement of Neurogenesis: This experiment is divided 
in two sections: 
1) In the first part the animals will receive two BrdU injections (i.p.). BrdU is a nucleotide 
analog, after injection BrdU is permanently incorporated into replicating DNA in place of 
thymidine, in the S-phase of cell cycle. BrdU-labeled cells can undergo apparently 
normal division, differentiation, migration and process integration in studies of adult 
neurogenesis [Bandeau et al., 2009). 

2) The second part is the BrdU staining after the animals are euthanized. Neurogenesis 
will be quantified in the subgranular zone (SGZ) of the dentate gyrus (DG) of the 
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hippocampus. Fluorescent BrdU labeling can be imaged on a standard fluorescent 
microscope after immunohistochemistry to positively identify the number of BrdU
positive (anti-BrdU) cells. The phenotype of the BrdU-positive cells will be determined 
using fluorescent double-labeling with double cortin {DCX), an immature neuronal 
marker, NeuN (Feminizing Locus on X-3, Fox-3, or Hexaribonucleotide Binding Protein-
3), a marker that is expressed in mature neurons, and GFAP (glial fibrillary acidic 
protein), an astrocyte marker. 

Experiment 2. To determine the role of the mTOR pathway in LIN-induced 
neuroprotection and improved functional outcome following soman exposure. 
Rationale: Soman exposure results in profound cognitive deficits in humans and rodents. 
The mammalian target of rapamycin (mTOR) is a key mediator of protein-dependent 
synaptic plasticity (e.g. synaptogenesis), an important mechanism for memory storage in 
the brain. The mTOR inhibitor, rapamycin has been shown to impair cognitive function, 
disrupting memory consolidation and processing in the hippocampus. Moreover, mTOR 
has been reported to promote neuronal differentiation during neurogenesis. Increased 
synaptic plasticity and neurogenesis in the adult brain are necessary for positive behavioral 
effects of antidepressant drugs in rodent models of depression. The mTOR pathway can be 
activated by growth factors such as BDNF through the activation of TrkB receptors, and 
downstream activation of Akt and ERK signaling. Previous results from our group have 
demonstrated that repeated LIN treatment per se increases BDNF levels, synaptogenesis, 
neurogenesis and antidepressant effect, but the intracellular signaling mechanism(s) 
remain unclear. Hence I want to investigate whether soman-induced neurodegeneration is 
associated with changes in BDNF, TrkB and the downstream pathways i.e. Pl3K, MAPK 
and mTOR in the hippocampus and propose to address whether 3 doses of LIN treatment 
(500 nmol/kg, iv) modulates these pathways to exert, in part. its neuroprotective effect to 
improve neuronal survival and functional outcome after soman exposure. 

Treatment Groups and Group Sizes for Experiments 1 and 2 

Table 1 LIN Treatment Group and Group Sizes for Experiment 1 (neurogenesis) 
Treatment Group Soman O min, Atropine Treatment (time Group Size Pain Category 

min 

Group 1 Hl-6~Soman~atropine 

Adult Male rats ~seizure~diazepam 

Total 
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onset) 
LIN (30 min, 3 da 12 Male Rats (6 for E 
7 days), BrdU on each time point) 
day 9 and day 10 
and 2 time points 
(10 days and 21 
days) 

12 male rats 12E 

12 



Table 2 LIN Treatment Group and Group Sizes for Experiment 1 (neuroaenesis) 
Treatment Group Soman O min, Treatment {time Group Size Pain Category 

Atropine 1 min After seizure onset} 
Group 2 H1-6~Soman LIN (30 min, 3 days, 7 days 12 Male Rats E 
Adult Male rats -+atropine saline on day 9 (6 for each 

-+seizure and day 10 and 2 time time point) 
-+diazepam points 

(10 days and 21 days) 

Total 12 mate rats 12E 

Table 3 Control groups - No Soman Exposure and Group Sizes for Experiment 1 
( neu rogenes is) 
Treatment Group Hl·6 ·30 mln-+Sallne 0 min Treatment (Tlme after Group Size Pain 

-+Atropine 1 min-+ Saline Injection) Category 
dlazepam 40 min 

Group 3 Hl·6-+Saline LIN (30 min, 3 days, 7 12 Male Rats (6 for each D 
Adult male rats -+atropine-+diazepam days), BrdU (day 9 and time point) 

day 10) and 2 time 
points {10 and 21 days) 

TOTAL 12 Mate Rats 12 D 

Table 4 Control groups - No Soman Exposure and Group Sizes for Experiment 1 
( ne u rogenesis) 
Treatment Group Hl·6 ·30 mln-Hallne 0 min Treatment (Time after Group Size Pain 

~Atropine 1 min-+ Saline injection) Category 
dlazepam 40 min 

Group 4 Hl·6~Saline LIN {30 min, 3 days, 7 12 Male Rats {6 for each D 

Adult male rats -+atroplne-+diazepam days), saline (day 9 and time point) 
day 10) and 2 time 
points (10 and 21 days) 

TOTAL 12 Male Rats 12 D 

Table 5: Control groups - Soman Exposure and no LIN and Group Sizes for 
Experiment 1 (neurogenesis) 
Treatment Group Hl·6 ·30 mln7Soman 0 

mln-+atropine 1 mln 
~diazepam 40 min 

Group 5 Hl·6-+Soman7 atropine 
Adult male rats -+seizure7diazepam 

TOTAL 
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Table 6: Control groups - Soman Exposure and no LIN and Group Sizes for 
Experiment 1 (neurogenesis} 
Treatment Group Hl-6 -30 min,Soman 0 vehide {Time after Group Size Pain 

mln7atroplne 1 min seizure onset) Category 
.+dlazepam 40 min 

Group 6 Hl-67Soman7 atropine vehicle (30 min, 3 days, 7 12 Male Rats (6/group) E 
Adult male rats -+seizure-+ diazepam days), saline (day 9 and 

day 10) and :Z time 
points ( 10 and 21 days) 

TOTAL 12 Male Rats 12E 

Table 7: Control groups - No soman Exposure and no LIN and group sizes for 
Experiment 1 (neurogenesis) 
Treatment Group Hl-6 -30 mln7sallne o vehicle (Time after Group Size Pain 

mln7atropine 1 min seizure onset) Catesory 
.+dlazeDam 4C min 

Group 7 Hl-67saline-+ atropine vehicle (30 min, 3 days 12 Male Rats (6/group) D 
Adult male rats -+vehide-+diazepam and 7 days), BrdU (day 9 

and day 10) and :Z time 
points (lOd, and 21 days) 

TOTAL 12 Mate Rats 12 0 

Table 8: Control groups - No soman exposure and no LIN and group sizes for 
Experiment 1 (neurogenesis) 
Treiltment Group Hl-6 -30 mln-+saiine O vehicle (Time after Group Size Pain 

mln-+atroplne 1 min selzunll! onset) Category 
.+dlazepam 40 mtn 

Groups Hl-6-+sallne-+ atropine vehicle (30 min, 3 days 12 Male Rats (6/group) D 
Adult male rats 7vehicle-+ diazepam and 7 days), saline (day 9 

and day 10) and 2 time 

paints (10 days and 21 
days) 

TOTAL 12 Male Rats 12 D 

Table 9: Soman and LIN Treatment Groups and Group Sizes for Experiment 2 
(rapamycin/neurogenesis) 

Treatment Group SomanOmln, 
Atropine l min 

Group9 Hl-67Soman7 

Adult male rats atropine-+seizure~diazepam 

TOTAL 
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Category 

LIN (500 nmol/kg, 30 6 Male Rats (6/group) E 
min, 3 days, 7 days x 2 time points 

after seizure onset), 
rapamyc:in (3 h pr'1or 
to first UN injection 

and day 2-7, BrdU 
(day 9 and day 10) K 2 

time paints (10 and 

21 days) 
12 Male Rats 12 E 

14 



Table 10: Soman and LIN T1reatment Group and Group Sin s for Experiment 2 
(rapamycin/neurogenesis) 
Treat ment Group SomanOmln, Treatment GroupSlzt Pain 

Atropine 1 min Cillte1ort 
Group 10 Hl ·6~Som.:m~ UN (SOO nmol/kg, 30 6 Male Rats {6/group) x E 
Adult male rats atropine 7seiz u re 7diazepam min, 3 days, 7 da¥$ e1~er 2 tlrne poinu 

seizure onset/, vehlcle (< 
3 hours prior to and day 
1· 7 after fir5t LIN 

1n1ection), BrdU (day 9 
and day 10) 11 2 time 
points (10 and 21 days) 

TOT Ai 12 Male Rats 12E 

Table 11: Control groups - Soman exposure and no LIN and grouJ') sizes for 
!Experiment 2 (rapamycin1neurosenesis) 
Tre•tment 'Gro11p Hl-6 · lO mln·Homan 0 vel\lcle (Time 1ner Group Siie P•ln 

min-+atroolne l min sellur1 on1et) CClt t iOry 
~dlueoam 40 min 

Group l l H l-6-+Soman~ atropine veh1de (30 m10, 3 days, 7 12 Male Rats (6/group) E 
Adult md~ rats ~se1zu1e~d lazepam days), r1p1mycm (3h, 

pflor to first 11eh1df 
1niett1on and csav 2· 7). 

BrdU (<Uy 9 and day 10) 
arid 2 ttMe points (iO 
and 21 day5} 

TOT Al U Male Rats 12E 

Table 12: Control grous:>s - Soman exposure and tlo LIN and gt()up sizes for 
Experiment 2 (rapamycin/neurogenesli) 
Tr.at ment Group Hl-6 -lO mln~ SOmano 

ml11 7 atroplne l min 
-+dl11ea.m 10 min 

Group 12 Hl ·6~SOman~ atrop1n' 
Ad11lt male rats ~se1zure~d1azepam 

TOTAL 
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vehicle ( 30 min, 3 days, 7 12 Male Rats (6/group) E 
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and day 2 71. BrdU (clly 
9 and day 10) and 2 time 
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Tabli! 1:3: Control groU[p - No Soman Exposure and LIN and Group Si~es fat 
Experiment 2 (raparmycinlneurogenesis) 
Treatment Group Hl-6 •30 min-Haiine 0 min Treatment (Time a1ter Group Size Pain 

~Atropine 1 min~ sailne lnjeaion) Category 
dliueoam 40 min 

Gioup 13 Hl -6~5aline LIN (500nmol/kg 111, (30 5 Male ~ats (6/gtoup) x D 
ii.du It male rats -htropine~d iazepam mhi, 3 day$, 7 days;, 2 time points 

rapamycin (3 ll prior to 

flrst UN injection and 
tJay '.2·7), 0rdlJ (day 

9, 10) xi time peiots 
110 dav\, 21 dav~l 

ifOTAl U Male Rats i:! o 

Tablle 14: Control group ~ No Soman Exposure and LIN and Group Sizes for 
Experim·ent 2 (rapamycinlneurogenesls) 
1trt1ati'nei'lt Group Hl-6 -JO min~S:iline o mifl Treatment (Time after Group SiH Pain 

~Atropine 1 min~ Saline Injection) Category 
dluenam 40 min 

Group 14 HH)~5allne LIN (500 nmol/kg 1v, (30 6 Male Rats (o/group) >c D 
Adult 1male 1raU ~atroplne~dlazepam mln,3 days, 7 days), l time points 

vahlele (3 ti prlo r to first 
LIN Injection and day 2-

7), BtdU {oav9, 101 ii z 
time po1nn {10 days. 21 
days) 

'--• 
TOT Al 12 Male Rats 120 

Tab~e 1'5: Control groutp -No Soman and No LIN and Group Sizes for Ekperiment 2 
(rapamycin/neurogenesis) 
TrHtme'nt Group H1•6 <JO min45allne o min 

'Atropine 1 min-. 
dlaieoarn 40 min 

Group iS H1·6~Saline 
Adult male rats ~atrop1ne~diazepam 

TOTAL 
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Treatment (Time after Group Size Pain 
Saline ln}eetil!n) Cates·ory 

vehicle (:30 rntn,3 days, 5 Male Rats (6/group) >c 0 
7 days), rapamvcin (3 h 2 time points 
prlor to first vehicle 
Injection and day 2·7), 
9rdU (day 9, 10) 11 2 
time point> ( 10 days, 21 
daysJ 

1Z Male Rats 120 
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Table 16~ Control group -No S oman and No LIN and Group Sizes for Eip@riment 2 
( rapamycin/neurogenesis) 
Treatment Group Hr-& ·90 mln4Saline Omin 

?Atropine 1 min? 
diazepam 40 min 

Group 16 Hl·6~$aline 

Adult male rats ~atropine.+diazepa -m 

TOTA'l 

Treatment fTlme after 
Saline Injection) 

vehicle (30 mi11,3 days, 
7 days), vehicle [3 I\ 
prior to first vehicle 
in1ection and day 2· 7). 
BrdlJ (day 9, 10) x 2 
t ime points {10 days, 21 
tlays) 

Group Size 

6 Male Rats ~6/group) x 
2 t ime points 

lZ Mile Rats 

Pain 
category 

D 

Table 17: Soman and LINlrapa mycin Treatment Group and Group Sizes for 
Experiment 2 (western blot) 
Treatm•nt Group SomanOmln, Treatment Group Sire Pain 

Atflopine 1 min Cate~ 

Group 17 H1·67Somiln7 llN (SOO nmol/k&. 30 6 Male Ri!ts (6/group) ~ E 
Mult male rats atropine -1seizure~d iazepam min, 3 days, 7 days), 1 t ime point 

TOTAL 

Tafble '18: Soman and LIN but n 
Experiment 2 (western blot) 

Treatment. Group SomanOmln, 
Atropine 1 min 

Group 1'8 H l·G-Homan~ 

Adult male rats atroplne,seizure'd 

I TOTAL 
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rapamyctn (3 h prior to 
first UN injection and 
day 2·7, ~ 2 t ime points 
(lo da· \ ) 

II Male Rats u 

o rapamycin Treatment Group and grou p sizes for 

Treatment 

LIN (500 nmol/kg, 30 
1azepam min, 3 days, 7 days after 

sellure onset), vehicle ( • 
3 hours prior to and day 
1·7 after f int LIN 
lnjectionf x 1 time point 
(10da s) 

Gro"p Sl.te 

6 Male Rats (6/group) 
2 time points 

6MaleRats 

Pain 
Category 

x E 

-

6E 
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Table 19: Control groups-Soman exposure ahd no LIN but with rapamycin and 
,group sizes for Experiment 2 (western blot) 
Tre~tment Group SomanOmin, Treatment Group Site Pain 

Atropine 1 min Cat•sory 
Group 19 Hl ·6~Soman~ "eh1cle 130 min, 3 days, 7 6 Male Rats 16/group) K E 
Adult male rats atropine ~seizure'7diazepa m days a'fter seizure onset). l time point 

rapamvc1n (..3 hours 
prior to and day 1· 7 a~er 
firn vehicle injection) x 2 

time 001nts ( 10 days) 

TOTAL 6 Mile Ritts 6E 

Table 2·0: Control groups-Soman exposure and no LIN and no raparnyein and 
1group sizei for Experiment 2 {western blot) 

Treatment Group .Somain 0 min, Treatment Group Size Pain 
Atroplntt l min cate11ory 

Group 20 HI 6.+Soman~ vehicle 130 min, 3 days, 1 6 M;ife Rau 16/group) x E 
Adult male rats atropine ~seizure~d1azepam days after seizure onset), 1 time point 

vehicle {·3 houn prior to 
and day 1-7 af'ter first 
vehicle 1nject10n) x 1 

time poinH (10 days) 

TOTAL 6MaleRats 6E 

Table 21: Co:ntrol groups -No Soman plus LIN and with rapamycin and group 
sizes for Experiment 2 (western 'blot) 

Treatment Group Hl-6 ·30 min7 saline o min 
~Atropl"e 1 rnin_, 
dluepam 40 min 

Group 21 Hl-67Sallne 
Adult m;;le rats 7atroplne7d1azepam 

TOTAL 
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Treatment tfime afler Group Size Pain 
Saline injection) C11teeorv 

UN (500 nmol/kg iv, (30 6 Male Rats (6/group) >c 0 
m in.3 days. 7 days). 1 t'me point 
~pamyc1n (3 h prior to 
first LIN iniection ~nd 

day 2-71. x l time 
points 110 days) 

6Male Rats 60 
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Table 22: Control groups -No Soman and UN but no rapamycin and group sizes 
for Experiment 2 (western blot) 

Treatment Group Hl·6 ·30 min~S.llne 0 min Treatment (Time after GroupSlie Pain 
-7Atroplne 1 min~ Saline Injection) Category 
diarepam 40 m in 

Group 22 Hl-6~Saline LIN (>00 nmol/kg iv, (30 6 Male Rats (6/group) x D 
Adult male rats 7atropine7diazepitm min,3 days, 7 days), 1 time point 

vehicle (3 h prier to first 
LIN injection and day 2-
7), x l time point (10 

davsJ 
TOTAi.. &Male R11t3 60 

Table 23: Control Group- No Soman and no UN but with rapamycin exposure 
and group sizes for Experiment 2 (western blot) 
Treatment Group HI·& ·30 min~Soman O vehicle (Time after GrO\lp Sire I Pain 

mln-7atroplne l min seizure Oll$Ct) Category 
'dlazepam 40 min 

Group 23 Hl·6·haline7 atropine vehicle (30 min, 3 days, 1 6 Male Rats (6/group) x D 
Adult male rats 7vehicle7diuepam daysJ, rap•mycin ( 3h l time point 

pnor to first vehicle 
1n1ectlon and days 2-7). x 
1 tuTle point (10 days) 

TOTAL 6Male Rats 60 

Table 24: Control Group - No Soman and no LIN and no rapamycin exposure and 
group sizes for Experiment 2 (western blot) 
Treatment Group Hl-6 ·30 min-Homan 0 

mi11-htropine 1 min 
~dlatepam 40 min 

Group22 Hl-6,sallne~ atropine 
Adult male rats 7vehicle7 di~iep;Jm 

TOTAL 
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v1thlch~ (Time 1fter 
seizure omet) 

vehicle (30 min. 3 days, 7 
days). vehicle (3h prior 
to first vehicle inj ection 
and days 2-7), x l time 
point ( 10 davsl 

GrOl.lp Size Pain 
Category 

6 Male Rat~ (6/group) x D 
1 t ime point 

6Male Rau 60 
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V.3. ).._abttr<tlt>_rv Altimals_BeqUinttlan_d Jystit'iGation: Beca1Jse we are studyins 
celllular mechanisms and responses. there are currently no non~animal alternatives that 
ean meet our needs for the-se studies. 

V.3.1. Non"animal Alternatives considered: Because we are studying cellular 
mecharnisms and responses; there aire cum~ntly no non-animal alternatives that can 
meet our needs fo:r these studies. 

V.-3.2. Animal Mo_tteJ 'and Sp_etle~~J_u~tific_ati.o_o: The male Sprague-Dawley rats for 
the in vivo st1udies were selected bee3use this is the common gender and species of rat 
used in the literature. This allows us to compare our results directly with the many 
published results from other laboratories using chemical warfare agents or other 
acetylcholinesterase inhibitors such as paraoxon. 

V.3.3. Ltbot51tarv Al'llmal~ 

Sgecies #1 
V.3.3.1. Genus & Speci@~: Rath.is norvegicus 

V.3.3.2. S'trai11/Sloelc Sprague-Dawley 

V.3.3.3. SOUiN:::eNende>(: 1<6)(4) 

V.3.3.4. Ag.e~ Young adult 

v,3,3,5, We~ght: 250-275 gm 

V.3.3.6. Sex; - Male 

V.3.3.7. Snecial Cor1siderations.: NIA 

V.J.,4. Number of Animals_ft~_guired lby $p~e_cles): 288 

V .3.5. Re'finem~nt,J~.~_d_ucikln. RepJ.a_c_ement (3 Rs): 

V.3.5.1. Refinement All surgeries w11l .be performed under appropriate anesthesia as 
.stated in sectiion V.4,1.2, 1. Any rat exhibiting signs of pain or impairment beyond that 
from this model wiH be euthanized at an early endpoint No other refinement 
alternatives were considered. 
All animals will be weighed daily. During the first 24 hours after soman injection, 
laboratory personnel will stay with animals in LAM .. After t~e first,24 hours_, l~~orat~ry 
personnel wrn check animals every 8 hours. All animals will receive Lactate Ringers (5 
ml, sc) by research staff as ineeded (up to 25 ml/day), ~et mash, apple slices and gel 
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squares. We will determine the survival rate of all animals and quantify the results just 
prior to perfusion. 

V.3.5.2. Reduction: All animals that are injected with soman will receive drugs to 
improve their survival (Hl-6, atropine and diazepam). By using these drugs, survival is 
improved thereby reducing the overall number of animals required for this work. 

V.3.5.3. Replacement: Computer modeling or lower animals such as worms cannot 
be used for these studies because we are quantifying cellular and molecular changes 
that can only be measured in living brain cells. The rat has been used extensively for 
cellular and molecular studies involving nerve agents and we will be able to compare 
our results with the existing literature. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: In addition to Center for LAM SO P's, research 
personnel will monitor animals using the checklist (in section VIII, Enclosures) for 
animals exhibiting pain/distress beyond expectations of this study. If LAM personnel 
notice any of the following: constant convulsions or tremors, self-mutilation, continuous 
circling, or persistent labored breathing, and study personnel are unavailable, the LAM 
veterinarian may make the decision to euthanize the animal. lf animals continue to lose 
weight despite supplements (wet mash etc) or remain comatose for more than 24 hours, 
these animals will be euthanized by laboratory personnel or LAM. 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species#1 

144 

192 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/Analgesia/Tranquilization: 

Species #2 

Anesthesia for placement of external jugular catheter: Rats will be placed in an 
induction chamber then anesthesia will be induced with 3-4% isoflurane from a 
precision vaporizer delivered in 1-2 Liters per minute of oxygen. Once the rats are in 
lateral recumbancy, they will be moved to a mask and prepared for surgery. 
Maintenance anesthesia will be delivered at 1-3% isoflurane in 0.5 to 1 Liter per minute 
of oxygen. Anesthesia will be adjusted based on response to toe pinch and depth of 
respirations. Once animal is adequately anesthetized (no response to toe pinch) then 
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surgical procedures will begin. All rats except for na'lve will have external jugular 
catheters placed for injection of either vehicle or linolenic acid. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: Animals will have 7 
days to acclimate to their surroundings once delivered to USUHS and before being 
used for any in vivo experiments. Rats will be observed by the Pl or technician to 
ensure they appear healthy prior to undergoing surgery. 

Animal monitoring. The animals will be watched continuously for 1 hand then checked 
every 30 min until the animal ambulatory Research personnel will monitor the rats three 
times a day beginning on the following day after soman. Monitoring will be performed in 
the rat's home cage, and will continue every day up to the point they are euthanized. 
Any animals that show unexpected neurologic signs following soman injection or 
hunched posture, lethargy, anorexia, or other clinical signs potentially indicative of 
infection may be euthanized at an early endpoint or treated at the discretion of the 
veterinarian and/or Pl. Research personnel will also weigh rats once a day to ensure 
they have not lost >20% of their body weight compared to baseline weights. 
Supplemental feeding in the form of wet mash will be provided by LAM personnel at the 
request of the Pl or as directed by the LAM Veterinarians and fluids (5 ml Lactated 
Ringer's sc 2 to 3 times a day) will be administered to rats injected with soman by 
research personnel. Gel squares will also be placed on the floor of each cage and 
replaced every day by laboratory personnel. 

Supplemental (alternative method) feeding. LAM personnel may place wet 
mash/chow on the cage floor for rats that may not be able to gnaw pellets to get food. 
They may also provide apple slices once animals are awake and moving around their 
home cage. 

Soman-induced seizures: The animals will not receive anesthesia or analgesia during 
the time the animals seize following injection of soman. Rats receiving soman will be 
injected with the oxime Hl-6 (125 mg/kg, ip) and 30 min later will receive soman (180 
ug/kg, sc) followed by post-exposure treatment with atropine methyl nitrate [AMN] (2 
mg/kg, im, 1 min after soman. All soman-treated animals will receive diazepam (10 
mg/kg im) 40 min after onset of status epilepticus. 

V.4.1.2.3. Paralytics: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: BRD, DTIC Private STINET, NIH Reporter 

V.4.1.3.2. Date of Search: December 31, 2013 

V.4.1.3.3. Period of Search: 1980-2013 

V.4.1.3.4. Key Words of Search: rat, pain, kainic acid, seizure, hippocampus, piriform 
cortex, amygdala, neuronal damage, brain damage, gluatamate receptor, glutamate 
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1receptor, ahlmal welfare, alternative, reduce, refine, prevent, control. manage, eliminate, 
alleviate., decrease; diminlish 

V.4.'1.3.5. Results of Search: 

There is no alternative for inducing brain damage in rats that mimics tho: damag~ caused by 
soman to determine v.hether the proposed rcs~arch plan using linolenic add protects against 
:so-man-induced ~rain damage or ,improves functioM.I outcome, The only " 'ay to c.:arrv out the 
research plan is tD allow the animal:; tO seize for 40 min as recommended by Dr((bJ(f!) I :it 

llb)(6) lfollowed by injection of diazepam to stop the seizures. 

DTIC Private STINET; 520 hits. One study discussed seizures as it relates to chemical 
warfare agents and measuring seizures on the battlefield These studies offered no 
advantage over the proposed methods, 

BRD: no hits 

NIH R1eport1er: 17 hits. Severatl discussed reduce or refine but were not relevant to the 
tproposed study, 
Soman·induced convulsions: The treatment plan for inducing status epilepticus by 
soman in rats 1is 1Ei st(lndard procedure that is routinely performed by many laboratories 
including our lal'>oratory and outlined in ttle scientific literature. sprague·Qawley rats 
have been tUsed in the literature. 

'lnterpretat,ion: There presently is no alternative to employment of rat as an in vivo 
·anima:I model to study the role of multiple dose.s of linolenic acid to improve 
neuroprotection against soman~induced neuropathology or to determine whether 
Improved neuronal survival in linolenic iacid--treated rats improves overall functional 
outcome by lbehav,ioral testing. 

V.4.1.4. IUnalleviated Painful or Distressful ProGedure Justification: 

One hurndred and forty .. four male Sprague~Oawley tats will receive soman at a dose that 
will induce seizures. an effect that is seen in humans exposed to nerve agents, The rats 
will experience some level of seizure or physical stress and discomfort for some period 
of time during 'the experirnents. Analgesic, sedatives and/or anesthetic agents cannot 
be used because they will modify the p.ain ancl seizure threshold preventing us from fully 
evaluating the effect of soman and as such we will not be able to draw any conclusions 
on the proposed effect of linolenic acid on the neuroplastic effects or functional 
outcome. The objective of this study is to determine the role of LIN .. induced 
neurop~astic effects in the observed increase in neuronal suivival. animal survival, and 
improvement i'n functiona,1 outcome. Without exposing the animals to soman, it is not 
p6ssible for us to conduct tht:?se studies. 

V.4.2. Prolonged Restraint: NIA 

V,,4,3. Surgery~ 
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V.4.3.1. Pre-surgical Provisions: 
Surgeons will wear sterile gloves, mask, lab coat or scrub top and use aseptic 
technique. A general assessment of physical and behavioral health will be carried out 
on each rat before surgery. LAM veterinarians will be consulted should any sign of 
abnormality in appearance and/or behavior be observed. 

V.4.3.2. Procedure: Rats will be anesthetized and maintained with isoflurane in 
oxygen by nosecone (see V.4.1.2.1.). After the induction of anesthesia, the rats (with 
the nosecone) will be placed in lateral recumbancy and prepared for surgery. 
Maintenance anesthesia will be delivered at 1-3% isoflurane in 0.5 to 1 Liter per minute 
of oxygen. Anesthesia will be adjusted based on response to toe pinch and depth of 
respirations. Once animal is adequately anesthetized (no response to toe pinch) then 
surgical procedures will begin. Only sterile instruments will be used. A supplemental 
heat source, such as an electric heating pad or circulating warm water blanket, will be 
used to keep the rats warm throughout the duration of anesthesia. Rats will be 
monitored for dermal bums. 

Placement of external IV catheter. Anesthetized rats will be placed in dorsal 
recumbancy. Fur will be clipped from the ventral neck and interscapular region. Skin 
will be prepared for aseptic surgery using either betadine or alcohol or chlorhexidine 
scrub. The animal wlll be draped using sterile towels. A 1.5 to 2 cm long incision will be 
made in the ventrolateral aspect of the neck using a scalpel, parallel and approximately 
0.5 cm lateral to midline. The external jugular vein will be dissected free of surrounding 
tissue and stabilized with a proximally placed tie of 4-0 suture. A catheter introducer will 
be used to guide the placement of the IV catheter. A 4-0 ligature will be placed at the 
distal end of the catheter to secure it in place. Tissue adhesive may also be used to 
help stabilize the catheter in the jugular vein. Catheter will be tested for patency by 
flushing with sterile saline. The catheter will then be tunneled subcutaneously to exit via 
an approximately 2.5 cm incision in the interscapular region. Wound clips or suture 
material will be used to close the interscapular area. Tissue glue or suture material 
(sterile 4 0 silk) will be used to close the ventral neck incision. If placement in one side 
of the jugular area is problematic, the procedure will be repeated on the opposite jugular 
vein. 

V.4.3.3. Post-surgical Provisions: 

Immediate post-operative care will be provided by the investigators and rats will be 
monitored continuously until they are ambulatory. Animals are expected to ambulate. 
Animals will be returned to their cages post-surgery only after they have recovered 
sufficiently from anesthesia. Food and water will be provided ad libitum. Room 
maintenance and climate control is as per LAM SOP. Following surgery, rats will be 
monitored continuously until they are ambulatory. The incision site will be monitored 
daily for signs of infection (erythema, edema, presence of an exudate, induration etc)_. 
Because the catheter will be inserted into the external jugular vein, we will also examine 
the area for signs of bleeding. Each catheter will be flushed once daily with heparinized 
saline to prevent clotting of the tip by research personnel or Pl. 
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Soman-injected animals; Fgod and water will be providea ad libitom. Room 
maintenance and climate control is as per LAM SOP. Investigators will perform daily 
weaghts,, provide supplemental calories (as appropriate) via wet mash and sc lactate 
ringers (5 ml) four times a day while eoma1ose after soman. Once the animal is awake. 
research personnel willl watch animals 'for their ability to drink from their water bottle. 
Those animals that have difficulty drinking due to poor ambulation will be injected with 
laetate ringers (5 ml) s.c. 2;4 times per day until animals are able to drink on their own,, 
Early Endpoints: In addition to Center for LAM SOP's, research personnel will monitor 
animals using the checklist fot animals exhibiting pain/distress beyond expectations of 
\his study. If LAM personru~I notice any of the following: constant convulsions or 
tremo:rs, an a1nimal that is oomatose for more than 2 hours, self-mutilation. continuous 
drcl ~ng, persistent labored breathing, or behavior that LAM personnel feels is causing 
the animal to suffer, and research personnel are unavailable, the LAM veterinarian may 
make the decision to euthanize the animaL If anlmals continue to lose weight despite 
sruppletnents (wet mash etc) or remain comatose for more than 24 hours, these animals 
will be euthanized by laborato'ry personnel or l.AM. · 

v .. 4.3.4. Loeatiorn: .... l(6_H6_l ________ _ 

V.4.:3.5. Sumeon: orJ(~~~: __ lfJ(gmpetent in ~lacement of jugular vein catheter) 
Ms. t 61 !(graduate student) 

V.4.3.6. Mu~tirgle Mahn Suri.iivatOperative Ptoc.edures: 

V .. 4.3.6.1. Procedures: 

V _.4,,J.6.2. Saientific Justification: 

V.4.4. Animal Manipulations: 

v .4.4.1. lnieotions: 

Soman treatment. Male Sprague=Qawley rats (250-300 gm) receiving nerve agent will 
be injected with the oxime H1~6 {125 mg/kg, 250 mg/ml (0:15 ml for 300 gram rat/1 ml 
syringe and 25 gauge 112 inch needle) ip) and 30 min later will receive soman (180 
ug/kg , 360 ug/ml (0.15 ml for 300 gram rat11 ml syringe and 2~ gauge1/2 inch needle; 
sc) or saline and post-exposure treatment with atropine methyl nitrate (AMN, 2 mg/kg, 4 
mg/ml (0.15 ml for 300 gram r.at/1 ml syringe 25 gauge 112 inch needle) im into right 
th~gh muscle,), 1 min aft1er soman. These treatments, Hl-6 (125 mg/kg, ip) and 30 min 
~alter soman (180 uglkg, sc) and post-exposure treatment with ANM (2 mg/kg, im) 1 min 
after somarn, fhave bet:!n showin to reliably produce ele·ctrographic seizure activity within 
approximately 1 O min. Rats are allowed to seize for 40 min and then treated with 10 
mg/kg; im, diazepam (0.6 ml f1or 300 gram rat/1 ml syringe 25 gauge 1/2 inch 
needle, injected into left thigh muscle) to stop/attenuate the seizures. 
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Alpha-Linolenic acid (500 nmol/kg) or vehicle will be injected via catheter 30 min, 3 
days and 7 days after soman exposure. We wilt use a needle size ranging from 22 to 
25 gauge and the injected volume is 0.3-0.35 ml. 

Rapamycin: Rapamycin (LC Labs, Woburn, MA, USA) is initially dissolved in 100% ethanol 
to prepare a stock solution of 20mg/ml and stored at -20°C. As previously described 
[(Hartman et al., 2012), immediately prior to use, rapamycin will be diluted to a final 
concentration of 4% ethanol and 1 mg/ml rapamycin in a vehicle solution containing 5% 
Tween BO (sigma), 5% PEG 400 (low-molecular-weight grade of polyethylene glycol) 
(Sigma). Rats will receive daily administration of rapamycin by intraperitoneal injection in 
the right lower quadrant (25-26 gauge needle, a total volume of 1.12 ml) x 7 days. The 
rapamycin dose of 4.5 mg/kg proposed in this major modification has been demonstrated to 
inhibit mTOR activity in the hippocampus [Hartman et al., 2012]. The dose which inhibits 
mTOR without blocking soman-induced seizures and neuronal degeneration will be used in 
this proposal. Control groups will receive an equal volume of vehicle. After blocking this 
signaling pathway, a subset of the rats will be euthanized on day 10 to identify changes in 
synaptic proteins and neurogenesis (n= 6 rats/per group). Another group will be submitted 
to behavioral tests and euthanized on day 21 (n= 6 rats/per group). 

Bromodeoxyuridine (BrdU): A stock solution of BrdU will be diluted in saline to a final 
concentration of 20 mg/ml and the pH adjusted to 7.4. The solution will be filtered 
sterilized prior to injection_ BrdU will be injected at a dose of 300 mg/kg on day 9 and 
day 10 after soman exposure. To maintain BrdU availability during a full cell cycle, 
which has 24.7 hours, BrdU or vehicle will be administered to rats by intraperitoneal 
injection in the right lower quadrant by restraint (25-26 gauge needle, a total volume of 
4.5 ml/300 gram rat) prior to euthanasia (Blondeau et al., 2009). This high dosage has 
been demonstrated to maximize BrdU incorporation into proliferating cells in the 
subgranular zone of the dentate gyrus in rats allowing specific and quantitative 
assessment [Cameron and McKay, 2001 ]. 

Transcardial perfusion. When rats are euthanized, they will be placed under deep 
Fatal Plus (60-75 mg/kg) anesthesia. Once adequate anesthesia is achieved (lack of 
response to toe pinch, slow even respirations), a midsternal thoracotomy will be 
performed to expose the heart and the rats will undergo transcardial perfusion with cold 
PBS and 10% formalin. Generally, about 200 cc of each solution is sufficient per animal, 
but, more will be used if required. 

Euthanasia for western blot experiments: Rats will be placed under deep Fatal Plus 
(60-75 mg/kg, i.p.) anesthesia. Once adequate anesthesia is achieved (lack of 
response to toe pinch, slow even respirations), the animal will be decapitated using a 
sharp blade to avoid tissue-altering effects of gases and anesthetics. Many 
euthanization methods have been shown to influence protein expression levels and 
confound interpretation of protein expression results. For example, the use of carbon 
dioxide or ether has been shown to distress animals and deoxygenate blood. Thus, the 
physiological effects associated with hypoxia and hypercapnia would alter protein 
expression profiles. 

V .4.4.2. Biosamples: 
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In vivG experiments, Tihe brains from the male Sprague~Dawley rat!il will be collected 
at the time of eutha:nasia. Brain will be preserved for future studies. Hippocampi may 
need to be removed to determine aettvated Nf'.'-1eB levels, a biomarker of linolenic acid, 

V.4.4.3. Adiuvants~ NIA 

V.4.4.4. M_oJio_;lttttal Antiboctx (MAbs} E>roduction~ NIA 

A patch will be shaved on each animal's !Jack and then marked With non-toxic 
!Permanent lnk with an individual ID. Sometimes, the ink fades in which case the ID will 
be re-inked on the patch. Ail cages have cage cards per LAM. Rats that receive nerve 
agent injection will be checked for their ink mark labels prior to injection of nerve agent 
to make :sure they are clearly labeled. 

'V.4.4.6. Behavioral Studie~; Sehavior studies will be conducted 14 days after 
-Soman expo$ure. 

Behavior Outline: 
One group of 48 anlmal& 

.0. D 
Day 18 IDay 14 

!Rotarod t1st Forced sw:im pretest 
1$ min in water 

Day 19 
Forced swim test 
5 min in water 

Sec:ond group of 48 animals 

.0. .0. 
Day 14 Day 15 
Opii'I field Open field 
(accommodation) testing 

Day 19 
passive avoidance 
training day 

.[]. 

Oay20 
Passive avoidatu:e 
testing a:.~ 

Each group of treated (6 animals/group) and control animals (6 animals/group) will 
undergo onJy two behavior tests. There are 8 groups (treated and controi) of animals 
(see table 17 through 24). Therefore, 48 animals Will be subjected to the open field 
behavior test and the passive avoidance task. Another group of 48 animals (treated 
and controls) will be subjected to the rotarod task and forced swim task. A period of four 
days will separate the two behavior measurements to reduce any influence of one test 
on another. Interactions with co·specifics will not be performed in this study and 1his 
section was deleted. 

Aetivitv and Movement General activity, movement, and coordination can be used as 
indices of overall health and well-being of rodents. Activity and movement serve as 
negative controls (brain areas relevant to movement should not be disrupted in the 
current study), and as a covariates for the other behavioral tasks that rely on animal 
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lo~omotlon for task completion. ~~ !ocorno,or and rotarod tasks have been u.sed 
rehably for these rpurposes in Or.~ _lab for many years. 

Open field locomQ_tot activity, Locomotor activity is measured using an Omnitech 
Electronics Digiscaii 1infrared photocell system. One-hour activity measurements are 
obtained {preferably during animals' active or dark cycle). Animals are placed singly in 
a 40 X 40 X 30 cm clear Plexiglas arena covered by a perforated Plexiglas lid, Data are 
automatically ga~hered and transmitted to a computer via an Omnitech Modal DCM~l
BBU analyzer, The interfaced software measures 21 activity variables, including total 
<distance and hori~ontal and vertical activity. Chambers are cleaned between subjects 
with 35% lsopropyll alcohol solution, 
The duration of locomotor activity testing is a maximum of 60 min per day and can be 
performed on multiple days throughout the duration of the experiment. 

IRotarod: The mtan>d test measures an animal's ability to maintain balance by 
1coordinating movement and making postural adjustments. It also measures the ability to 
improve these skills witlh practice. Each rat rob.nod treadmill (Med Associates; Inc, St. 
1Albans, Vr) consists of a motor~driven drum with constant speed or accelerating speed 
modes of opal"ation, The drum (7.0 cm diameter) allows eaell animal to maintain a 
1suita'ble grrip. It is divided into four test zones (8,9 cm wide) so that up to tour animals 
may be tested at the same time. The device consists of a smooth hard plastic cylinder 
with concentric circular plastic sides (39. 7 cm diameter) to prevent the rat from laterally 
climbing off the cylinder. 
Rats are placed ,on tine device facing the wall with the rod rotating in thc= direction 
opposite from the animal (so that the rat use~ its paws to pace faPNards and avoid 
fallin_g off lhe rod) . 'When a rat falls off the rotating drum (height of 26.7 cm), it breaks a 
photobesm. stopping the timer associated with that .z:orie. In each trial. the speed of 
rotation is increased from 0 revolutlohs per minute {rpm) to 35 rpm for a maximum of 3 
or 5 min. The mean duration on the device (based on 3 consecutive trials) is recorded. 
The procedures are based on reports in the literature (6-9). Chambers are cleaned 
between subjects wi~h 351l/o isopr,opyl alcohol solution. The duration of rotarod 
measurement ijs 9 or 15 min p·er day can be performed on multiple days throughout the 
duration of the experiment. 

Activation of the amygdala, a brain region vulnerable to soman~induced neuronal cell 
death,, is involved in anxiety and stress-related behaviors. This canoe measured using 
the to~al time spent in the center of an open field arena or numt;>er of entries into the 
center of the field. 

Anxiety 

In our recent study, we did not filnd evidence of anxiety in rats exposed to soman. 
Therefore, we will not determine open field center time in this protocol. 

Researclh in humans and animals has clearly established that the hippocampus is 
involved in ~earning 'clnd memory (2). Rats lesioned in the hippocampus have a difficult 
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time acquiring active avoidance responses (3,4) and retaining passive avoidance 
responses over a period of time (3-5). 

Learning and Memory 

Passive avoidance: Animals are trained and tested using an automated avoidance 
training system (Med Associates, St. Albans, VT) consisting of two 21 x 25 x 17 cm 
chambers separated by a vertically-sliding door. This task consists of a training day and 
a consecutive testing day. During training, the animal is placed in one chamber of the 
darkened apparatus. After a delay of 60 seconds, a light comes on and the door to the 
other, still darkened chamber, opens. Naive rats instinctively move quickly from the lit 
chamber into the dark chamber. When the rat crosses completely into the darkened 
chamber, the door closes, latency to cross is recorded by the interfaced computer, and 
a single 0.8 mA (mild, non-damaging) shock is delivered through the grid floor for 1 sec. 
The rat is left in the darkened chamber in which the shock has been delivered for 30 sec 
to facilitate the formation of memory for the aversive event. and then removed. The 
procedure on testing day is identical except that the shock is not delivered if/when the 
animal crosses into the darkened chamber. Memory is presumed to have occurred if 
the animal does not cross into the chamber in which it previously was shocked, or if 
latency to cross is significantly longer during the testing trial than during the training trial. 
The duration of passive avoidance testing is 5 min on each of two consecutive days, 
and is only performed once during an experiment Chambers are cleaned with 35% 
isopropyl alcohol between animals. 

The prefrontal cortex is involved in complex executive function, including planning, 
decision making, and controlling social behavior in humans. The social interaction 
paradigm has been used in rats to assess functioning of the prefrontal cortex in a rat 
model of schizophrenia (12). Further, rodent social interaction is correlated with 
neuronal morphology in the prefrontal cortex (13). The piriform cortex, also called the 
olfactory cortex, is related to processing of olfactory cues. Because rodent-rodent 
interaction involves sniffing and smelling one another, the social interaction paradigm 
will also be used to assess piriform cortex function. 

Depression 
Swim test: The Porsolt swim test is widely used as an index of learned helplessness or 
depression (17-20). The procedure involves a repeated procedure in which rats are 
placed into a cylinder (approximately 65 cm tall and 25 cm diameter cylinder filled to a 
height of 48 cm with water that is between 28-32 °C on the first day for 15 minutes. The 
rationale for the 15 min pretest is to induce a state of behavioral despair since the 
animals become more immobile as the test progresses during the 15 min pretest 
(Porsolt et al., 1978). As defined, immobility is floating in the water using only 
movements necessary to keep the animal's nose above the surface. Immobility time 
and latency to the initial immobility period are the primary dependent measures in this 
task (Castagne et al., 2009). 

After 15 minutes of swimming, the rats are removed from the water and are dried and 
warmed with towels and heat lamps. On subsequent days, rats are retested for 5 
minutes under identical conditions to determine the latency to become immobile (i.e., 
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the rat initiates a stationary posture that does not reflect attempts to escape from the 
water) , amount of time spent immobile. and number of times the animal becomes 
immobile, as determined by video analysis software (AnyMaze. Stoelting, Wood Dale, 
IL). After 5 minutes, the animals are removed and then dried and warmed with towels 
and heat lamps. On the second day of testing. shorter latencies to assume an 
immobile. f loating position. more instances of immobility, and longer durations of 
immobility are interpreted as increased helplessness or depression. All rats are 
monitored the entire time and are removed from the water if they cannot swim or show 
signs of distress. Feces will be removed from the water between animals, and water 
will be replaced if it is difficult to observe the animals in the water. The test lasts 15 
minutes on the training day. and 5 minutes on the consecutive testing day. 

Seizure Observation 
Animals will be placed into a cage separate from their homecage for observation and 
video analysis (AnyMaze, Stoelting, Wood Dale. IL) of seizure activity. Seizure activity 
is manually keyed for the duration of the seizure. AnyMaze software can analyze the 
video for latency to seize, seizure duration. and number of seizure occurrences. 

V.4.4.7. Other Procedures: 

Transcardial perfusion. When rats are euthanized they will be placed under deep 
Fata l Plus (50-75 mg/kg) anesthesia as described above. Once adequate anesthesia is 
achieved (lack of response to toe pinch, slow even respirations). a midsternal 
thoracotomy will be performed to expose the heart and the rats will undergo transcardial 
perfusion with cold PBS and 10% formalin. Generally, about 200 cc of each solution is 
sufficient per animal. but, more will be used if required. Transcardial perfusion will be 
performed inl(b)(6) I 
Animal transportation: All animals will be transported tol(blC5J bn the morning 
soman is to be injected in accordance with the LAM transportation SOP. Animals will 
be post-injected with linol ni 1d or salia~a La:r:o:oersonne! who will transport 

~~m•l5 ly and fro Ill 
1 incluctel(b_ ! ---~ • I 

l«utUHS la ora OfY personnel w1 not or ing" on the animals at 
I( n s only,6)!6i !employees can handle nerve agents. Animals will be 
tran~~~cted to an~ from~(b)(or I using the LAM van. The rats will be brought back 
fronf < l . to LAM by lab personnel on the day of nerve agent injection where 
they will be placed in home cages (1 raVcage). 

It is important to note that this study cannot be conducted without the use ~f the nerve 
agent, soman. Dr. lt6><6> ~ill be submitting an IACUC protocol td._t _H

6
_1 --~

The experiments using animals that will receive soman will commence when we receive 
approval of the animal protocol atl!b)(o) I 

V.4.4.8. Tissue Sharing: The brains from Experiments 1-2 will be collected at the 
time of euthanasia and remain availab le for future studies. All other tissues (organs etc) 
will be made available to other investigator upon request. 
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V .4.5. Stlldy Endpoint; Tile study endpoint for fats ldsed for ~periments 1 -2 is 
survlvial untiil the pre-determijned post-operative time point, after which they will be 
euthanlzed. Prio1r to euthanization rats wHI be anesthetized then euthanized for t issue 
·c~llection (V.4.4.7). 

!Early endpoints: Any of the following endpoints. will represent a reason for early 
euthanasia'. persisternt seizures1 persistent tremors, comatose for more than 2 hours 
after exposure to somarn, self mutilation, continuous circling, persistent labored 
respiration. These signs, if observed lby LAM personnel and no study per5onnel can be 
reached. may be taken by the LAM veterinarian as cause for euthanasia. 

V.4.6. Euthan:as.ia; 

Experiment 1-2: Research personne,I will perform all euthanasias except in cases 
where a LAM veterinarian makes the decision that a particular animal needs to be 
euthaniz:ed. At the indicated endpoint. each rat will be deeply anesthetized with Fatal 
Plus (60-75 mgikg ip). Animals should be deeply anesthetized within 30 minutes. A 
midsternal thoracotomy will be performed to expose the heart and the mice will undergo 
transoardial perfusion with PBS and the 10% formalin in PBS. This procedure results ii"I 
euthanasia from exsanguination under deep nembutal anesthesia, 

IRaits tlhat reach an early endpoin~ will be euthanized via cylinderized C02. Research 
personnel. Pl or a LAM. veterinari~f61Ji' :~rorm this ea~ly eut~anasia . Th~ apparatus 
for eutnanas1a oy C~tied in Only one animal will be placed rn the 
apparatius located in~for e1uthi'fln:as1a. With one animal in the apparatus, tile flow 
rate of C02 wlll cHsplace at least 2.0% of the apparatus volume per minute. Gas flow will 
be mai1rltained for at least Gne minute after respiratic>n has stopped before removint] 
animals from the cage. A supplemental method to ensute death (cervital dislocation or 
Dilateral thoracotomy} may be used. Alternately; if requested by the Pl, animals will be 
:euthaniz.ed by Center for LAM personnel) using cylinderlzed C02 in compliance with the 
2013 AVMA Guidelines on Euthanasia. Euthanasia will be performed in the LAM CAF. 

Euthanasija tor western blot. Rats will be placed under deep Fatal Plus (60= 75 mg/kg, 
i,p.) anesthesia. Once adequate anesthesia is achieved (lack of response to toe pinch. 
slow even respirations), the animal will be decapitated using a sharp blade ta avoid 
tissue-altering effects of gases and anesthetics. 

V.5. Veterinary c are: 

V.5.1. 1-lusbandr:Y Cons~derations: Except as noted below, routine animal husbandry 
will be providetl. in accordance wan LAM Husbandry SOPs for each species in this 
protocol. 

V.5.1.1. St!tdyJ~_o_:_om : 

Building(s) L..1(
6
_><

5
_> ____ __,._ 

v .5.1.2. Special Hu~bandrv Provis~ans: 
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Yes No x 

Yes No x 

V.5.1.3. Exoeptitms: AH animals will be housed indlvidualty after insertion of IV 
catheter. Animals injected with scmarn will be giveh apple slices, wet mash and gel 
squares as food supplements on the floor of each cage. 

'V.5.2. :V~terilnarv Medical Care! 

V.5.2.1. ftg_utl11~_V_e'te_tioary_Mt!di11aLC_ar~: Animals will be monitored for health, 
humaine treatment. and husb~ndry considerations. twice daily by LAM staff during 
1routine weekday rounds and at least once on weekemJS/holidays. Tnis is in addition to, 
and not in place of, the monitoring that is done by the Pl and their staff, In the event of 
a deblfitatlng illness or adverse reaction, the decision to treat or euthanize an animal will 
be made by either the veterinarian and/or the PL 

V.S.~.2. Emergencx Vetorinarv_ Medicai Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rrounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Envlr1onme111tal Enrichment: 

·v .5.3. 1. ~tl!'.ithment SJrnmgy:: E>cce,pt as ind icatea below; au an Ima ls on tllis 
protocol wili be provided with ro1utine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents; balls, 
toys and food enrichment treats for large animal species. 

VI. STUDY_~ERSON_NEL QUAl.IEl_C_AIIQN__S_AND TRAINING: 

STYDY PERSONNEL QUAblFICATIONS!TRAINING 

Protocol activity or 
pl'Oeedure (e.g .. tail vein Name of person 
iniectlons. euth'!masta) oerfomilno activity 

Insertion of external (b)(ti) 

jugular venous 
catheters, i.p. 
injection, 
euthanasia 

small animal 
surgery, Drug 
iniections, tissue 
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Qualifications of person Speclfici training in this 
psrtorming activity ( e ~·, activity or procedure 
resel:!rch te~hrilciafl, 2 (e.g., rodent handling 

vrs exoenence) class, 1999) 
More than 15 years Investigator course 
experience in in vivo and rodent handling 
rodent procedures (1 June 2007) 
including 
perfusions, 7 years 
experience inserting 
iUIJUlar catheters 
2 years experience Investigator course 
with animal surgery: and rodent handling 
3 + years rodent course {Julv, 2012) 
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dissection, (b}(6) handling and 3 
euthanasia, years experience 
tr.anscardlal with tissue 
perfusion dissection and 

transcardial 
oerfusion 

Animal handling, 39+ years rodent Occ Health/zoonotic 
agent injections. handling. surgery disease (01/05/04), 
drug injections and tissue Rodent Handling 

dissection: 15 years (02/05/04), aseptic 
in EEG electrode techniques and 
emplacement in rodent anesthesia 
primates; 39 years (November 2006), 
EEG electrode Anesthesia (March 
emplacement in 2006) and XCSM 
rodents (nerve agent) 

custodian 
Animal handling, 30+ yr rodent Investigator training 
tissue dissection. handling, surgery course at USUHS 
drug injections. and tissue (Nov 1993). 
transcardial dissection; 4 yr 
perfusion experience on 

transcardial 
oerfusion 

VII. BIOHAZARDS/SAFETY: All personal protective equipment (PPE) will be 
properily disposed of in LAM or the laboratory. Waste gas is scavenged by appropriate 
mters in LAM-designated surgery rooms. All sharps will be placed in Sharps containers 
and d1isposed of properly. There are no precautions necessary for animals exposed to 
soman . 
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Protocol for pain/ distress checklist (based on Kirsch 2002) 
1 . Appearance score: 

Score of 0: Normal. Haircoat normal: smooth, lies flat, normal sheen. Eyes 
clear, open, no discharge/staining. Normal posture/movements 

Score of 1: Lack of grooming apparent (i.e., animal does not clean off eye 
lubricant). No other marked changes 

Score of 2: Haircoat roughened. Eyes and nose discharges or porphyrin (red) 
staining 

Score of 3: Haircoat very roughened. External orifices ungroomed. Abnormal 
posture not explainable by brain damage. Eyes pale, sunken, 

glazed. Pupils enlarged. 
2. Respiratory score 

Score of O: Respiration even and frequency unchanged. Limbs and feet warm. 
Mucous membranes (gums and anus pink), and 

extremities normal (ears and feet pink) 
Score of 1/2: Respiration uneven. Shallow breathing, more abdominal 

breathing evident. 
Score of 3: Respiration visibly labored. Limbs and feet cold. 

Mucous/membranes and/or extremities abnormal. 

3. Unprovoked behavior score 

Score of O: Normal behavior pattern (i.e., exploring cage, grooming, feeding). 
Animal bright, alert, responsive. 

Score of 1/2: Abnormal behavior. Less mobile, alert, responsive than normal. 
Inactive when hyperactivity expected (nighttime, feeding 

time). Guarding potentially painful area (i.e., leg, head, neck). 
Twitching, lameness. 

Score of 3: Unsolicited vocalization, self-mutilation, expiratory grunts, grinding 
teeth, teeth chattering, salivating, very restless or does not move. Exaggeration of score 
2 signs. Unresponsive, unaware of extraneous activity. 

4. Reactive behavior score 

Score of 0: Behavioral responses normal for expected conditions (i.e., reaching 
into cage, handling animal, response to tapping on cage, response to holding food pellet 
in grommet opening, taking rectal temperature). 
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Score of 1: Shows minor depression or minor exaggeration of responses. 
Score of 2: Shows moderate signs of abnormai responses. There may be 

behavioral change:s (i.e., animal more aggressive or more doeile}. 
Scare of 3: Animal overreacts to external stimuli, has weak responses as in pre

·comatose state, or is non-fiesponsive. 

5. Body weight soor<e (only at a,24 hours): monitor body weight, skin turgor 

Score of O: body weight {BW) maintained or increased with respect to baseline. 
Skin hydrat1ion unchanged (pindh test - skin sho:uld "snap" back) 

Soore of 1: loss of BW < 10% 
Score of 2: loss of BW m-20% 
Score of 3: loss of BW >20% 

Body weight score and skin turgor wi'll be checked daily until animals are euthanized. 

VVhenev.er a suoscore of 3 or a total score of >10 is reached, the Pl and/or veterinarian 
w ill be contacted and the 1ra[ will be considered for euthanasia. 
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5. Body weight score (only at 224 hours)· monitor body weight . skin turgor 

Score of O: body we1gtll {BW) mo1nta1ned or increased with rospect to baseline 
Skin hydration unchanged {pinch tesf- skin should •snap· back) 

Score of 1 : loss of BW c: 10% 
Score of 2: loss of SW 10-20% 
Score of 3· loss of BW ;;.2QG/o 

Body weight score and skm turgor wttl be checked dally until animals are euthanized. 

IX. ASSURANCES: 

As tho Pnnc1pal lnvestlgdtor on thts protocol. I acknowledge my responsibilities and 
provido aSBlJrances for the following : 

A. Animal Use: The animals authorized for use 1n this protocol will be used only 1n 
the dct1v1ll~s and in the manner debcribed herein. unless a mod1ficat1on is specifically 
approved by the IACUC prior to its implementation 

16 Duplication of Effort: I have made a reasonable . good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments 

C. Stati stical Assurance: I .lSSure that I have consultAd with an ind1v1dual who is 
Qualified to evalliate the statistical design or strategy of this propasal. and lh<il the 
-minimum number of animals needed tor sr1E1nlifw valtd1ty are u~ed • 

0 . B1oh8lard\Safety: I havo taken into consideration and made the proper 
coorrJ1na11on H'>gardmg all applicable rult:ts and regul<it1ons concerning radiation 
protection. biosafety recombin<'lnt issues. and so forth. 1n the preparation of this 
protocol 

E. Training: I verify that the personnel performing the an1m~I procedures J 
manipulations I observations described in this protocol are technically competent and 
nave been properly trained to ensure that no unnecessary pain or distress w111 be 
caused to tha animals as a re~ult of the procedures I manipulations 

F. Training: I verify that I have attended the USUHS Investigator/Animal u~er l'"" c"""'" 
l--'t /, j I '/ 

bate• ' ~inc pal lnvestiga!or S1gna:ure 

G . Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 
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H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
,obligations associated with the performance of this animal use protocol. and I assure 
thRt all md1vidual!'. associated with this project will demonstrate a wncern for the health. 
comfort, welfare. and well-being of the research an1imals Additionally. I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD tias embraced. namely, 
"Respons1b1ility" tor implementing animal use alternative~ where feasible and conducting 
humane and lawful research 

I. 1Pa1hful Procedure(s): 

I am conduCtllly b1umed1cal el(penmento which may Polenf1a1ty cau:;e morf' than 
momentary or slight pain or d istress to animals. This potnnt1at pain and/or distress 
WILL or WILL NOT be relieved with the use of anesth(~tics . analgesics and/or 
tranqu1l1Lers I have cons1dt!rod alternatives to such procedures. however. using the 
methods and sources described m the protocol, I hava oetE:trmined that alternative 
procedur~Mf'" ®' • vaj!Qhl• l!UlCIXlJrullll>, the ob1ect1ves of this proposed experimont 

J .) 'i J?hv ,.,, 
Pnnc1pal lnvo~llgator S1gna1l1re Date 
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X. PROTOCOL ABSTRACT; 

Alpha-iinolenic acid (ALA) is an omega-3 polyunsaturated fatty aoid shown to exhibit potent neuroprotemlve 
properties against various animal models of hypoxic·1scMrnic neuronal cell deattl. This compound is found 
In v"egetable products such as flaxseed, rapeseed and pumpkin seeds and can be purc:hased over-the· 
oounteL Humans can Gonsume large quantities (I.JP to 6 grams) of alpha~linolenic acid withGut side effects. 
We have shown previousiy that administration of a single intravenous injection of ALA given either 3 days 
prior or 30 min after so man (educes soman-induced brain damage, We now show that three doses of ALA 
given •011~1t a seven day period reduces brain damage, lmp(oves functional outcome and increases animal 
suNival lln this proposal. we wish to test whether the well-established neuroplasfic effects of ALA contribute 
to the reduction in soman-induced brain damage. improved functional outcome and increased animal survival. 

A. Animal Protocol Number: 

B. Animal Protocol Title: The possible involvement of LIN~induced neuroplastic 
effeds against ·soman~induced brain damage in Sprague-Dawley adult rats 

C. Princiroal Investigator; (._(&_)(s_) _____ _, 

D. Performing 0 1rganization: USUl=IS 

E. Funding: NIH 

F. Objective and .Ap,proach: Tile objective of this project is to determine whether the 
known alpha-linolenic acid-lrnduoed neuroplastic effects contribute to the observed increase 
in animal and 1neuronal survival. the anti-de~ressant~lik:e activity and the improved 
functional outcome. 

Indexing Ierms (Oescrlptprs): rat, soman, neurogenesis, synaptogenesis, synaptic 
function, rapamycin; BrdU, Porsolt forced swim test, hippocampus, BDNF, mammalian 
target of rapamycin. 
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h:hruar~ 2.i. 2016 

MEMURAf\Dl M .. OR DR~.._t6_)(6_) _______ __.IDCf>ARTMEl\T OF NELl ROU)(iY 

SUBJECT: IAnJC Approval of Protocol - Initial Rc\'icw 

I hi: follm\ ing application \\a!I re\ k\\~'<l and apprm ..:J b) th~ t nili.mncd s~n ice~ 
University ofthc llealth S1.:i~ncc:; (lJSl 1JIS) ln:1titutional Animal Care und U~c Committi:c 
(IACLJC) viu 01;.-sig.nuted Mcmhct Kc\ icv. on FchruiH) 24. 2016: 

Animal Protocol Titte: .. Traumatic Rrain lnjur~ R~Cl)\CI") \\ith n-:; I lighly l 'm;aruroted i:mty 
Acids (HUF As) in Mice: A Biomar!..cr Dri\'cn Approach .. 

USUHS Protoco~~_r: ._l1b_x6_> ___ __. 

Exoiration Date: Februar> '.!3. 201 C) 

Supporting Grunt(sl Num~r; TAJ) 

Name of Principal ln\·cstigator: Dr. ('-'6_·x
5
_i ______ _. 

Thi! l ISUHS has an . \nimal Welfare Assurance on tile\\ ith the Offit;c for Labor...itor} 
.i\nirnal Welfar~ (01.AW), Na1ional lnstitUt~s of llealth (NIJI). Th1: Assurun~e Number is 

jlb)(6) ll hc IACUC approved th~ abo\.c referenced aprlication as submitted. 

An annual re\'ie\\ is n:quin:<l foread'1 oft~ thn:c )ears o f this protocol. This r~1.ic'-' 
mui;t be complt!t~d b} the aimiH:rsut} dut~ of th\: proto1.:l)I. lf\.\ork is to be ~ontinucd past the: 
expiration date. a trh:nnial rcvi\!1.-. must be complctcd prior l~i thi: l!hpirutiun Jute in order for 
work to be unintt!rrupte<L Pmtocol expiration dates ma) not be extc:n<led. and no animal \\ork 
ma~ b~ don1.: \\ithout un upprov~d prot~l~ol. Although the: 11\ClJC ma} send reminders. it is th~ 
investigutor"s rc:Spl.'msibility to submit nn annual rcvi~'" form ( hmn 3206A> at kast JO days in 
advance. or u ncv. Fom1 3206 for triennial re1. ie\.\ at least 60 <lays in advwicc of cxpirution. 

Prior to placing ~our fir:>t animal orckr. pkasc ~ontacl MAJl16)(B) 110 sc~<luk a 
pre-protocol planning m~ctini.d(b}(6) I This meeting mu:st lh;\)ur to cnsur~ animul numhcrs 
are loaded in the CART svstcm and LAM r~soun:cs ur~ available to m~ct \·our n~~J:>. . k~I I . 

f65l I Ph.D. 
Chair. lm.Lilution:il Animal 

Cur~ and Use Committee. l iSlJI IS 
cc: 
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I. NON-TECHNICAL SYNOPSIS: Traumatic brain injury (TBI) is a major cause of 
mortality and morbidity in civilian and military popula1ions. In pre-clinical animal models. 
therapies aimed at modulating excitatory ncurotransmiss1on, mflammatron, oxidative 
stress, and neurotrophic factors . among others, have been effective in limiting 
secondary neurodegeneration and improving neurologica l outcome. However. none of 
these therapies has proved effective when tested in Phase Ill clinical trials. A major 
reason for the failure to translate the preclinical findings to the bedside is that human 
TBI rs heterogeneous, and there is a lack of appropriate biomar1<ers that correlate to 
outcome. The discovery of useful biomarkers for TBI severity w ill allow for better 
diagnosis and treatment. Development of non-invasive measures of drug efficacy in pre
clinical models will allow for easy translation into early phase clinical trials. 
Polyunsaturated fatty acids (PUFAs) of the omega-3 type, such as docosahexaenoic 
acid (OHA) and eicosapentaenoic acid (EPA} are abundant In cell membranes of the 
brain and are released after injury. Free DHA has neuroprotective and neuroreparative 
effects. DHA supplementation in mice improves recovery from experimental TBI. The 
typical human diet is deficient in DHA while lab mouse chow is abundant in DHA. We 
have modified lab mouse chow to match a human DHA diet to accurately measure 
efficacy of DHA as a neuroprotective therapy in a mouse model of TBI. DHA is thus a 
potentially viable drug treatment for TBI. Additionaly. b lood biomarkers and 
neuroimaging of the injured , DHA-deficrent mice may allow for the discovery of non~ 
invasive and accurate biomarkers that can readily be translated rnto clincal settings. 
This study aims to investigate non-invasive imaging biomarkers for DHA deficiency and 
TBI , as well as elucidate the neuroprotective value of DHA as a treatment for TBI. 

II. BACKGROUND: 

11.1. Background: 
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Traumatic Brain Injury (TBI): 
In the United States, approximately 230,000 patients are hospitalized each year with 
TBI. in addition to 1.5 million cases of milder TBI that do not require hospitalization 
(Langlois, et al. 2004). A large number of molecular events have been postulated, 
primarily on the basis of experimental animal models, to influence the response of 
neural tissue to brain injury (Siesjo 1993). In animal models, therapeutic interventions 
aimed at modulating several of these molecular steps have been successful in limiting 
the extent of injury and improving neurologic recovery (Mcintosh 1993; Mcintosh, et al. 
1ggs). These experimental observations constitute a convincing demonstration of the 
principle that not all neural damage occurs at the time of injury, and that a window of 
opportunity exists for therapeutic intervention. However, Phase 111 clinical trials of 
several of these therapies in patients with severe brain injuries have failed to 
demonstrate efficacy (Doppenberg and Bullock 1997). Differences between animal 
models of brain injury and human TBI account for part of the failure to translate these 
important preclinical observations to the bedside (Narayan and Michel 2002). Further, 
the molecular mechanisms involved in neurodegeneration resulting from focal 
contusions may differ from those triggered by diffuse injuries (Maxwell, et al. 1997). and 
past clinical trials have made no attempt to identify injury mechanism or stratify by injury 
type. Thus, it is likely that further advances in the therapy of TBI will require a detailed 
understanding of the injury subtypes involved, and targeting of therapies to specific 
pathologic mechanisms (Stiefel, et al. 2004). MRI holds much promise as a tool for 
identifying such mechanisms. 

Translation of Preclinical TBI Studies to the Clinic: 
The failure of multiple Phase 3 clinical trials in TBI has forced a re-thinking of the 
approach to early phase human clinical trials. The conclusions of several workshops 
convened by DoD and NIH over the past several years is that biomarker-driven 
approaches are needed, in order to prove that the therapy is engaging its proposed 
molecular target and to provide proof of principle by demonstrating efficacy on a 
pharmacodynamic biomarker. Since the biomarker is mechanistically closer to the 
biological effect of the therapy than clinically relevant outcome measures, such studies 
can achieve adequate power with modest sample sizes, and can be useful for fine
tuning important issues such as dose, timing, and duration of therapy before launching 
large and expensive Phase 3 trials. This approach. while in principle straightforward, 
has very rarely been attempted. This is primarily because of a low level of collaboration 
between preclinical scientists and clinical investigators. Most preclinical studies use 
outcome measures such as histopathology and behavioral function which are not 
appropriate for human clinical trials. Additionally, important issues such as timing, 
dosing, duration of therapy, pharmacokinetics and pharmacodynamics are infrequently 
addressed in animal models. CNRM is ideally positioned to overcome this gap between 
preclinical and clinical investigators. Investments in preclinical and clinical imaging, as 
well as in preclinical and clinical blood-based biomarkers show substantial promise for 
identifying pharmacodynamic biomarkers in parallel between animal and human 
studies. Omega-3 fatty acids are nutritional supplements which have been extensively 
studied for the treatment of cardiovascular disease, stroke, and neurodegenerative 
disorders. It is recognized to have an excellent safety profile. In animal models of 
experimental TBl, omega-3 fatty acids has been shown to be effective in improving 
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outcome after impact acceleration injury and controlled cortical impact. The therapeutic 
window in rats is at least 24 hours, indicating that it is a feasible agent for human 
therapy. 

DHA as a Neuroprotective Agent for TBI: 
Among polyunsaturated fatty acids (PUFAs) of the omega-3 type, such as 
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), DHA is particularly 
abundant in the brain where it is primarily found in membrane phospholipids (Kim 2007). 
Immediately after injury, tissue phospholipases are activated, leading to an increase in 
free fatty acids. Free DHA has several prominent effects promoting neuroprotection and 
neurorepair, including promoting neurite outgrowth, synaptogenesis, and activating 
transcriptional activity via interaction with retinoid acid X receptors (Cao. et al. 2009; de 
Urquiza, et al. 2000). Further, DHA is converted to anti-inflammatory, neuroprotective, 
synaptogenic and pro-neurogenic mediators such as synaptamide, resolvins, and 
protectins (Hong, et al. 2003; Bazan 2005; Kim, et al. 2011: Rashid, et al. 2013), while 
AA-derived eicosanoids are often pro-inflammatory, exacerbating the initial injury 
(Farooqui and Horrocks 2006). In rats. omega-3 FA supplementation post-injury 
reduced axonal injury, microglial activation, and improved behavioral function after 
impact acceleration TBI and fluid percussion injury (FPI) (Mills . et al. 2011 ; Bailes and 
Mills 2010). Raising brain DHA by dietary supplementation of omega-3 fatty acids 
improves recovery from controlled cortical impact (CCI) injury in mice (Desai, et a l. 
2014). Interestingly, DHA levels in mice fed standard lab chow are significantly higher 
than in the human brain (Hamazaki, et al. 2010), and in our optimized mouse model the 
diet can be modified to match DHA levels found in humans. In this proposal we will 
develop these measures of efficacy of DHA as a neuroprotective therapy in a mouse 
model of TBI. DHA has an excellent safety profile, and has been widely tested in 
humans with cardiovascular disease, stroke, and neurodegenerative diseases. Only a 
few small trials have tested DHA supplementation after TBI, with widely publicized but 
anecdotal results. DHA is thus a potentially viable drug treatment for patients with TBI. 
The next steps for the pre-clinical investigation are to develop measurements of drug 
efficacy through measurements of blomarkers in serum, and imaging studies, which can 
be used as noninvasive indications of efficacy in early phase clinical trials. Our objective 
is therefore to determine whether DHA supplementation alters plasma levels of 
bioactive lipids known to be neuroprotective, anti-inflammatory, and neuroregenerative, 
such as synaptamide, 17-hydroxy-DHA, resolvins and endocannabinoids, the 
mechanisms through which DHA supplementation is proposed to improve recovery from 
TBI. 

MR imaging of DHA treatment after TBI: 
The failure of over 30 drugs in clinical trials for TBI suggests the need for different 
processes to evaluate suitability of potential therapies. Identification of 
pharmacodynamic biomarkers in the laboratory and then translation of those biomarkers 
to early phase human studies has not yielded successful therapies. One suggested 
change is the development of non-invasive measures of drug efficacy in pre-clinical 
models. Non-invasive measures, such as MRI, can easily be transferred to early phase 
clinical trials, in order to demonstrate that the therapy is engaging the molecular target 
and resulting Jn a biologic effect. 
This program proposal is centered on the evaluation of supplementing diet with omega-
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3 fatty acids (FA), such as docosahexaenoic acid (DHA). as a potential therapeutic 
strategy for traumatic brain injury (TBI). An extensive literature suggests a 
neuroprotective role for omega-3 FA in stroke, neurodegenerative diseases, and 
traumatic spinal and brain injury (Michael-Titus and Priestley 2014; Lee, et al. 2015; 
Sorg, et al. 2015; Wilde, et al. 2015). There is also evidence of improved recovery of 
motor functions and lower anxiety in mice with adequate supplementation of DHA 
versus DHA depleted mice after TBI induced by controlled cortical impact (Desai, et al. 
2014). Nothing is known, however, about potential Magnetic Resonance Imaging (MRI) 
biomarkers of structural brain changes induced by omega-3 FA As omega-3 FA alter 
the chemical composition of the plasma membrane of neuronal cells it is reasonable to 
assume that MRI measurable brain tissue properties such as T1 and T2 relaxation 
times and diffusion properties may be altered. Preliminary experiments from our 
laboratory in mice where brain tissue omega-3 FA levels have been enriched or 
depleted by dietary manipulations shows significant changes in diffusivity and 
relaxometry. Moreover, if omega-3 FA dietary intake affects the outcome of TBI, MRI 
metrics should be able to document different levels of severity of the structural damage 
in the injured brain depending on the therapeutic regime. Finally, MRI metrics may help 
elucidate the mechanisms of improved recovery, revealing potential effects of omega-3 
FA on edema, inflammation, gliosis. and neuroregeneration. Parallel histological 
assessment and ex-vivo MRI scanning will enable us to elucidate the biological 
substrate of the structural changes detected using the MRI techniques. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: PubMed, PowER Search through USUHS 
Library, DTIC database, and NIH RePorter 

11.2.2. Date of Search: 11/2/2015 

11.2.3. Period of Search: Pubmed: 1950-present 
PowER Search: 1916-present 
DTIC database: all available 
NIH RePorter: 1990-2015 

11.2.4. Key Words and Search Strategy: The PubMed database was searched using 
the following strategy: 

#1 : TBI AND DHA 
#2: TBI and MRI and omega-3 fatty acid 

The following keywords were used in PowER Search: 

Traumatic brain injury 
Omega-3 fatty acids 
DHA 
Magnetic resonance imaging 
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Diffusion tensor imaging 
Neuroprotective 
Bio marker 
Mouse/ Mice 

The following keywords were used for DITC database: 

TBI 
DHA 
Mouse 
MRI 

The following keywords were used for the 

TBI 
DHA 
Mouse 
MRI 

11.2.5. Results of Search: Search strategy 1 for Pubmed yielded several studies that 
investigate DHA as a neuroprotective treatment for TBI (16 publications). Only one 
publication utilizes MRI in combination with DHA supplementation after TBI (search 
strategy 2 for Pubmed. 1 publication.) This publicatio n is a case study, as opposed to a 
scientific experiment, of 1 patient that utilizes MRI throughout the patient's recovery 
{Lewis, et al. 2013). PowER Search through the USUHS library did not yield a similar 
study. DTIC database yielded 0 studies when all keywords were searched together. 
When MRI was excluded fr1Wi the search CTBI and DHA and Mouse} one study came 
up from our collaborator Dr. 16

> I researching DHA metabolites after TBI. 
However that study did not have the same scope regarding MRI biomarkers and study 
time points as the current study. The NIH RePorter searched yielded 0 
projects/matches. After a thorough literature search, there was no indication of 
duplication efforts to answer the particu lar questions posed in our aims and no 
comparable use of methods. There are currently no drug treatments or accurate 
biomarkers for TBI. It is thus important that we work towards studying the potential for 
DHA and Synaptamide as pharrnacodynamic biornarkers for TBI outcome as well as a 
potential therapeutics. 

Ill. OBJECTIVE\HYPOTHESIS: 

Hypothesis: Our hypothesis is that DHA supplementation after TBI is neuroprotective 
and this neuroprotection can be detected via blood biomarkers and advanced magnetic 
resonance imaging strategies. We will show this with the following specific aims: 

Aim 1: Innovative imaging study, designed to determine whethQr advanced 
neuroimaging strategies, including diffusion imaging and relaxometry, are 
sensitive to the omega-3 fatty acid content of brain membranes. In this study we 
propose to use quantitative MRI techniques to identify potential biornarkers of brain 
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changes induced by Omega-3 fatty acids in animals. We plan to investigate the effects 
of OHA intake on the brain in mice that are chronically depleted of Omega-3 FA vs. 
animals with an Omega-3 FA enriched diet, using a model based on the one developed 
by Desai et al. (2014) in Drf6~6> l1ab. We will acquire MRI data of mice in vivo prior to 
OHA supplementation and then longitudinally. The MRI measures we plan to apply are 
quantitative and informative about different t issue proper1ies (a detailed description of 
the MRI techniques can be found in the research plan section). Ex-vivo, high resolution 
MRI scanning will be pertormed on the same brains studied with histological techniques. 
The histological analysis will enable us to elucidate the biological substrate of the 
structural changes detected using MRI. 

Alm 2: Preclinical project designed to identify MRI biomarkers sensitive to 
omega-3 supplementation after TBI. Such MRI and blood biomarkers could readily be 
translated to clinical trials. These include measurements of bioactive lipids in plasma 
and RBC membranes such as synaptamide, 17-hydroxy-DHA, 0-resolvins, 
endovamlloids, and endocannabinoids. These bioact ive lipids have potent anti
inflammatory and pro-neurogenic m~~cts that will simultaneously be tested in a parallel 
clinical study. Our collaborators aP lwiu be conducting parallel studies aimed 
to: (1) Reproduce neuroprotective effect of DHA in mice with humanized tissue levels of 
omega-3 FA. To determine which bioactive lipids are altered by DHA after TBI in mice. 
C57BU6 mice will be raised in a special chow designed to produce brain tissue omega-
3 FA levels comparable to what is found in human brain t issue. Eight-10 weeks old male 
mice will be injured by an experimental TBI model. moderate controlled cortical impact 
in the parietal cortex. DHA and Synpalamide supplementation (40 mg/kg) will start 6 
hours after injury and continue for 30 days. Blood will be collected at sacrifice. 
Accessible biological tissues (plasma, serum, RBC membranes, potentiaf~~thj's) will 
be assayed using sensitive HPLC-Mass Spectrometry (MS) assays in Dr · lab. 
Several bioactive l1p1ds will be measured . The focus will be on bioactive lipids which are 
products of DHA and have anti-inflammatory and pro-neurogenic properties, such as 
synaptamide, 0 -resolvins. and 17-hydroxy-DHA. We expect to see an increase in tissue 
and plasma levels of neuroprotective bioactive lipids. Our lab will acquire MRI data of 
mice in vivo prior to injury and then longitud inally after TBI induced by controlled cortical 
impact to investigate the effects of DHA treatment. We will apply the same in-vivo and 
ex-vivo MRI techniques from aim 1, as well as histological characterization of the brains 
after injury. 

IV. MILITARY RELEVANCE: 
At present there are no effective treatments for TBI , other than stabilizing the patient. 
preventing excessive intracranial pressure and symptomatic relief. Military physicians 
and their patients are in desperate need of interventions that will lessen the initial lesion. 
before the process of regeneration and repair can begin. This study is focused on 
furthering development of treatment with a naturally occurring dietary supplement, 
omega-3 fatty acids. Over 30 drugs that were effective in animal TBI models have failed 
in d inical trials for TBI suggesting that different tactics are required for establishing 
efficacy of a drug both in animal models, and within the Tlinical trial. A recent 
pharmaceutical working group convened byJ(bX6 supported the development of 
pharmacodynamic biomarkers. proteins that could be easily measured in blood, that 
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would demonstrate the efficacy of the drug. Non-invasive b1omarkers, such as MRI 
abnormalities, are also promising. These non-invasive measures of drug efficacy in pre
clinical models can be transferred to early-phase clinical trials , in order to demonstrate 
that the therapy 1s engaging the molecular target and resulting in a biologic effect. This 
proposal seeks to establish blood biomar1<ers to determine the efficacy of candesartan 
action by non-invasive measures. It therefore will link seamlessly with early phase 
clinical trials to provide better measurements for assessing efficacy 1n patients. These 
experiments therefore are developing a new methodology for assessing suitable 
therapies in pre-clinical models, in order to allow clinical trials to have different outcome 
measures. This proposal will therefore have direct relevance to recovery from TBI for 
military service members as it seeks to develop a functional working therapy with a 
widely available and safe dietary supplement. The experiments will provide more 
complete information to decide whether to proceed to phase Ill clin ical trials with 
omega-3 fatty acid supplementation. Additionally, the knowledge of blood and MRI 
biomarkers associated with different outcomes and responses to the therapy would be 
very important for the clinical management of service members suffering from TBI. 

V. MATERIALS AND METHODS: 

V.1. Exper imental Design and General Procedures: 

Specific Aim 1: Innovative imaging study, designed to determine whether advanced 
neuroimaging strategies, including diffusion imaging and relaxometry, are sensitive to 
the omega-3 fatty acid content of brain membranes. 

Specific Aim 2: Innovative imaging study, designed to determine whether advanced 
neuroimaging strategies, including diffusion imaging and relaxometry, are sensitive to 
the omega-3 fatty acid content of traumatically injured brain membranes and structures. 

V.1.1. Experiment 1 · 1) To measure quantitative MRI parameters in the brain of healthy 
mice that received adequate amount of dietary Omega-3 FA. versus animals that were 
chronically depleted. 

Two-week pregnant dams will be purchased from an approved vendor and housed at 
USUHS. Control dams and pups will receive a diet with adequate DHA levels 
throughout the experiment. Experimental dams will receive a DHA-deficient feed once 
they arrive in the animal facility and throughout the rest of their pregnancy (see v.5.1.2). 
The pups will be fed the DHA-deficient diet throughout the expenment. We expect 
approximately 8 pups per litter (based on normative data for C57/6 mice) 50% male and 
50% female . We intend to use all mouse pups for this study. 

Mice will either receive DHA (40 mg/kg). Synaptamide (40 mg/Kg), DHA plus 
Synaptam1de, or veh icle injections. Animals will begin receiving supplement injections at 
3 months of age. Animals will receive daily injections for a ma>Cimum of 30 days. The 
MRI will be performed both in vivo at 7 or 30 days. Then the brain will be fnced via 
cardiac perfusion and removed for ex-vivo hiah resolution scanning. After scanning 1he 
entire brain would be available to Dr.fb>6

> team for histological 
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characterization. 

Total: N=140 A im 1 Aim 1 Aim 1 Aim 1 Aim 1 
(Class D) 
Imaging Time Sufficient DHA-Deficient, DH A-deficient, DH A-deficient, CHA-deficient, 
Point Dietary vehicle injected DHA Synaptamide DHAISynaptamlde 

DHA suoolemented supplemented supplemented 
Acute (7 days) Male=? Male=7 Male=7 Male=? Male=? 

Female=? Female=? Female=? Female=? Female=7 
Chronic (30 days} Male=7 Male=? Male=7 Male=7 Male=? 

Female=? Female=? Female:::? Female=? Female=? 

V.1 .2. Experiment 2: To measure quantitative MRI parameters in the brain of mice with 
TBI and assess potential effects of dietary Omega-3 FA on outcome and brain structural 
recovery. Two groups of animals will be included, mice which received adequate 
amount of dietary Omega- 3 FA, versus animals which were chronically depleted. This 
aim includes both in vivo, and ex-vivo scanning at high resolution. The in-vivo 
component will investigate the effects of Omega-3 FA on the evolution of the TBI lesion. 

Two-week pregnant dams will be purchased from an approved vendor and housed at 
USUHS. All dams will receive a DHA-deficient feed once they arrive in the animal facility 
and throughout the rest of their pregnancy. The pups will be fed the DHA-deficient diet 
th roughout the experiment Our plan is to scan in-vivo all animals before inducing the 
lesion and then at selected time-points after experimental TBI. The Injury will be 
produced via the controlled cortical injury e><perimental TBI model on 8-10 week old 
DHA-deficient mice. One group of CCI mice will receive supplemental DHA. 
synaptamide, or DHA plus synaptamide injections. The other group of CCI injured mice 
will receive vehicle injections. Animals will be scanned at various time points, then 
immediately euthanized via transcardial perfusion. For transcardial perfusion, animals 
will be injected with Pentobarbital Na. When they are nonresponsive to toe pinch, the 
animnals will !be perfused with phosphate buffered saline and 4% paraformaldehyde 
and the brain extracted. The brains will undergo high resolution e>e vivo MRI and then 
they will be cut at 40 um thickness and undergo immunohistochemistry to reveal 
astrogliosis, a>eonal number. myelin thickness and neurons. The brains will then be 
scanned via high-resolution ex-vivo MRI. Then the brain will be histologically 
characterized. This will enable direct comparison of in vivo scanning with high resolution 
ex-vivo scanning and histology. 

Fifty additional animals will come directly from our collaborator, Dr.llb)(tl) I to be 
scanned at USU HS and sacrificed immediately after scanning. These animals will not 
be housed at USUHS. however, will be transferred to USUHS according to LAM 
protocol. 

N=360 Alm 2 I Aim 2 
(Class E) 
Imaging Sham-CCI. CCI. DHA-
Time Point DHA- deficient, 

deficient. vehicle 
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- - I injected vehicle supplemented supplemented supplemented 
injected 

Baseline Male=9 Maie=9 Male=9 Male=9 Male=9 
(l!!e-lesion) Female=9 Female=9 Female=9 Female=9 Female=9 
1 day post Male=9 Male=9 Male=9 Male=9 Male=9 
CCI Female=9 Female=9 Female=9 Female=9 Female=9 
7 day post Male=9 Male=9 Male=9 Male=9 Male=9 
CCI Female=9 Female=9 Female=9 Female=9 Female=9 
60 days Male=9 Male=9 Male=9 Male=9 ! Male=9 
post CCI Female=9 Female=9 , Female=9 Female=9 Female=9 

Magnetic Resonance Imaging of CCI and DHA-deficiency: In vivo Animal MRI 
acquisitions will be performed in the 7 Tesla Bruker scanner at the CNRM Translational 
imaging facility, while high resolution ex-vivo scans of fixed brains will be performed on 
the NIH vertical bore scanners. We plan to focus on three quantitative MRI acquisition 
methods: 1) Diffusion MRI with Diffusion Tensor (DTI) dual compartment DTI 
assessment as proposed by Pierpaoli et al. (2004). (2) High resolution DESPOT-based 
T1and T2 and myelin water compartment assessment as proposed by Deoni et al., 
(2008), and, in ex-vivo animal brains, 3) High Angular Resolution Diffusion Image 
(HARDI) analysis using the MAP-MRI approach suggested by Ozarslan et al. (2013) for 
high quality investigations of diffusion properties. 

The first task for diffusion MRI development is to improve the anatomical quality of the 
images, implementing optimal diffusion MRI (DWI) sequences that would allow 
correction for distortions in Echo planar Images. While DWI has opened up a new 
window on studying brain architecture. some brain regions and structures are still 
invisible in conventional DWI acquisitions. In particular, EPI, the most widely used 
sequence to acquire clinical DWI data, produces almost no measurable signal in brain 
areas near the sinuses and oral cavities, making white matter pathways there difficult to 
study. We plan to work on reducing these artifacts in EPI. The current version of our 
processing software TORTOISE (www.tortoise.org) corrects distortion from 
susceptibility artifacts by warping the EPI images to a unwarped reference image 
(usually a fast spin-echo echo image). The method works very well in most regions, but 
it is unable to correct regions of "signal pileup". 

V.2. Data Analysis: 

Magnetic Resonance Imaging: We plan to focus on three quantitative MRI acquisit ion 
methods: 1) Diffusion MRI with Diffusion Tensor (DTI) dual compartment DTI 
assessment as proposed by Pierpaoti et al. (2004). (2) High resolution DESPOT-based 
T1and T2 and myelin water compartment assessment as proposed by Deoni et al .. 
(2008), and, in ex-vivo animal brains. 3) High Angular Resolution Diffusion Image 
(HARDI) analysis using the MAP-MRI approach suggested by Ozarslan et al. (2013) for 
high quality investigations of diffusion properties. If MAP-MRI will prove informative in 
the animal model, an appropriate clinical implementation of the MAP-MRI sequences 
will be also be used for the clinical studies. 
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The following parameters will be used for the diffusion studies in the animal 
experiments, both in vivo and ex-vivo are: 

In-vivo diffusion acquisition. Images will be acquired using a single-shot 2D EPI pulse 
sequence with slice and spatial dimensions to attempt isotropic voxel sizes 
(approximately 250 microns isotropic). Multiple repetitions will be used with a single 
average and a "blip-up/blip-down" approach will be used where half of the repetitions 
will have a reversed phase encode direction. Diffusion parameters will be multiple non
weighted reference images (b:::Os/mm2) and for DTI diffusion weighting, a b-value of 
800-1000 s/mm2 will be used with 14-32 directions. For MAP-MRI an optimized 
diffusion-weighting paradigm will be used with multiple shells in q-space (likely 4 shells 
ranging from 1000-5000 s/mm2). 

Ex-vivo diffusion acquisition. Fixed brain tissue will be imaged at either 7T or 14T using 
a 10-15mm volume coil. A segmented 3D EPI pulse sequence will be used to rapidly 
acquire each diffusion weighted volume (4-8 minutes per image volume) at high 
resolution (100 microns isotropic). A blip- up/blip-down approach will also be used for 
this acquisition as described in the previous section. The diffusion parametes will 
include a set of low b-value image volumes (100-1000s/mm2) for use in calculating the 
reference image and multiple shells in q-space including b(in 
s/mm2)/#directions=1700/32, 3800/32, 6700/56 and 10,000/87. Gaussian DTI will use 
only the reference images and b:::1700 s/mm2 shell, while non-Gaussian DTI and MAP
MRI will use the entire sampled q-space. 

Diffusion image processing. In-vivo and ex-vivo images will be processed offline using 
our TORTOISE software package (www.tortoise.org) including: blip-up/blip-down 
correction for geometric distortions. registration-based correction of motion and eddy
current artifacts. alignment with a standard template, non-linear estimation of the 
diffusion tensor. modeling of MAP-MRI parameters. HARDI and mcDESPOT (Deoni 
2008) analysis will be performed. Each processing modality offers different information 
regarding the water diffusion magnitude, direction, and restriction; providing a more 
complete picture of the underlying microstructure of the brain. 

The data acquired from this study will also be used to improve existing DWI techniques 
and processing protocols. Removing cerebral spinal fluid signal (CSF), distinguishing 
myelin from other aniostotropic regions, lack of contrast in certain grey matter regions, 
correcting for "signal pileup", and interpreting diffusion parameters in relation to 
biological mechanisms are some of the current issues with conventional DWI that need 
further development. Our lab has already made progress in correcting distortion from 
susceptibility artifacts by warping the EPI images to an unwarped reference image 
(usually a fast spin-echo echo image) using the current version of our processing 
software TORTOISE (www.tortoise.org). The method works very well in most regions, 
but it is unable to correct regions of tisignal pileup.~ "Signal pileup" occurs when the 
amount of distortion changes in such a way that a single voxel in the reconstructed 
image contains signal from a region containing several voxels in the undistorted image. 
In this case, information is lost and no correction method can restore an undistorted 
image. The lost information can be recovered by acquiring a second image of the same 
slice with the polarity of the phase encode blips reversed. The two images together 
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contain all the information required to reconstruct an undistorted image. We have 
developed methods and written code to efficiently correct image distortion using 
information from blip-up and blip-down images, and we intend to include both blip-up 
and blip-down image acquisitions in our protocol. We expect this correction method will 
increase the geometrical fidelity of our images. reduce the systematic error in the DTl 
results, and increase our ability to correlate imaging findings to histopathology. 

The dual compartment DTI method we plan to use has enhanced tissue 
characterization capabilities compared to conventional DTI. It will enable us to extract 
specific information about the parenchymal water compartment by removing the effect 
of CSF contamination. Diffusion measurements in brain tissue adjacent to CSF-filled 
cavities suffer from CSF partial volume contamination. As the diffusivity of water in GSF 
is 3 times larger than in normal brain parenchyma, even a small amount of GSF can 
severely bias diffusion measurements in the cortex and periventricular areas. As the 
cortical thickness is -2mm, it is virtually impossible to obtain diffusion data in the cortex 
unaffected by GSF contamination at the image resolution of clinical DTI. In animal 
experiments image resolution is higher (in this project we expect to collect in vivo brain 
DTI data with isotropic voxels of 300 microns) but still significant CSF contamination at 
interfaces can occur. One additional interesting feature of this approach is the handling 
of the vascular signals that in conventional DTI contaminates the measured diffusivity of 
the parenchyma. With the dual compartment DTI analysis, vascular spins will affect the 
diffusivity and the volume fraction of the GSF water compartment, not that of the 
parenchymal compartment. This is particularly important for this experiment in which 
subtle diffusivity changes are expected due to plastic changes in the brain. We expect 
to be able to differentiate plasticity that may affect the vasculature, which will be 
reflected in the fast diffusivity water compartment from changes that will affect the brain 
tissue, either glial cells or neurons, which will be reflected in the low diffusivity, 
parenchymal water compartment. 

Magnetization transfer imaging (MTI) and DTI provide information related to myelin, 
however, these measures are non-specific (the MTI signal is generally related to lipid 
content. and significant diffusion anisotropy is observed even in non-myelinated white 
matter). Currently, multi-component relaxometry (MGR) is the most direct means of 
quantifying myelin volume, with estimates having strong agreement with 
histopathological assessments. In conventional T2 MGR, the measured MRI signal is 
decomposed into contributions from two water pools, which in brain tissue, are 
attributed to an intra/extra-cellular pool and water trapped between the hydrophobic 
bilayers of the myelin sheath. The T1 and T2 MCR method we plan to use is based on 
rapid steady-state imaging techniques. Unlike conventional T2 MGR approaches which 
suffer lengthy acquisition times and poor spatial resolution (typically more than 16 
minutes for a single image slice with 1 mm3 voxels) , this new mcDESPOT technique 
permits reproducible whole-brain high-resolution myelin quantification in a clinically 
reasonable time-frame (less than 20 minutes), presenting the first opportunity for whole
brain quantitative evaluation of myelin in vivo in human subjects. The importance of 
myelin in the pathophysiology of TBI and the role of myelin products as potential 
biomarkers in TBI are reported in several recent studies (Schumacher 2007; 
Hergenroeder 2008; Ottens 2008). We hypothesize that the diffusion anisotropy 
changes that have been measured in white matter following learning paradigms could 
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be related to changes in the degree of myelination of existing axons rather then in the 
number of axonal projections. This view is supported by recent work byf6><6> lat 
the NIH who has demonstrated that electrical activity signals oligodendrocytes to trigger 
the initial events 1n formation of myelin. This mechanism would preferentially myelinate 
electrically active axons (Wake 2011 ). The use of mcDESPOT to assess myehn-specific 
changes in brain plasticity 1s a completely novel approach. and we believe that it would 
be more informative than previously used MRI methods 

Overall the use of these quantitative MRI metrics. in conjunction with histopathological 
va lidation, will represent a first step in achieving biological specificity in the 
charactenzat1on of plastic brain changes that are affected by Ornega-3 FA intake. An 
important aspect of this project is that we aim at using the same quantitative 
acquisitions in both the animal and clinic~n of the project so that the results of the 
histological assessment performed by Dr (b) ab would be valuable for the 
interpretation of MRI findings obtained int e clinical! setting. 

Histological Characterization: All brains will be se'Ctions at 40-30 microns and stained 
for markers of neurodegeneration and neuroinflammatlon. After staining, digital images 
of the whole section will be acquired . The digital images will be analyzed using imageJ 
software. 

Statistical Analysis : Histology and DTI differences between treatment groups at 
different times will be analyzed using two-way repeated measures ANOVA. Male v. 
Female differences will be analyzed via one-way ANOVA both within groups and within 
time points. Correlation plots will then be done to compare DTI metrics with histology 
markers. 

Statistical power analysis : Number of animals for each experiment was determined 
via a power-based assessment. The sample sizes (for each group) are considered for 
an alpha=.05 and power=.80. Experiment 1 has 5 treatment groups and 2 time points. 
Experiment 2 has 4 treatment groups and 4 times points. Assuming an effect size of 
1.25, experiment 1 requires n~7 and experiment 2 requires an n=9. These groups were 
then doubled to include both male and female mice as separate groups per treatment 
and time point. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: 
We study the impact of injury on the molecular mechanisms and structural integrity of 
the brain which requires an accurate representation of the structure and biology of the 
brain. Since this study requires a specific structural and molecular b iology that is not 
reproducible in non-animal models, we are required to use an animal model. Culture 
and in vitro techniques as well as computer models are apphed to this research 
whenever possible. 

V.3.2. Animal Model and Species Justification : 
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CCI is a highly reproducible and widely studied model for traumatic brain injury. There is 
a large literature studying the effects of CCI on the neurobiology of mice, which will 
assist tn understanding our results later on. Additionally , the previous research studying 
the effect of OHA on the brain was done in CCI injured mice. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 

V.3.3.2. Strain/Stock: 

V .3.3.3. SourceNendor: 

V.3.3.4. Age: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. Special Considerations : 

Species #1 
Mus musculus 

C57Black/6 

-8 weeks 

25-309 

Female , 2-weeks 
pregnant 

Given special chow· 
See v.5.1.2 

Species #2 
Mus musculus 

C57Black/6 

1) Weaned from 
pregnant dams at 
USU HS 

8-10 weeks 

-309 

Male and Female 

Given special chow: 
See v 5 1.2 

V.3.4. Number of Animals Required (by Species} : Species 1: 71 
Species 2: 500 
plus ~~animals 
frorrf 10

> I 

V .3.5. Refinement, Reduction, Replacement (3 Rs} : also see CNRM SOP #1 

V .3.5.1. Refinement: 
The experiments are conducted with every effort to eliminate the possibility of pain. 
Animals will be anesthetized prior to exposure to CCI to minimize animal distress at the 
time of injury. Immediately following CCI, the animals will be monitored for at least two 
hours for signs of pain and/or distress i.e. changes in appearance, respiration, provoked 
and unprovoked behavior. and changes in body weight. Body weight will be measured 
once before surgery and then weekly after that. A total body weight loss of ::> 10% from 
baseline weight for a sustained period of 1 week will constitute a sign of excess pain or 
distress Animal handlers will adjust animals to new environments or experimental 
situations by allowing animal to acclimate to the new environment for at least 15 
minutes prior to the experiment. New environments include the USUHS MRI facility and 
the surgery rooms. 
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V.3.5.2. Reduction: 
The number of animals used in these experiments is dictated by considerations of 
statistical power. We will use the same animal to test multiple potential TBI biomarkers, 
which includes blood and MRI biomarkers. 

V.3.5.3. Replacement: 
No adequate replacement for live animal use was identified for this study. We have 
considered use of in vitro techniques and computer simulations whenever possible, 
however, these approaches cannot address the complex structural and molecular 
interactions required to study how DHA treatment effect's the brain after injury, and 
have therefore been rejected. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 
Depth of anesthesia will be checked prior to any potentially painful procedure by 
administration of a foot-pinch test. The test should not elicit a response from the 
animal. Assessment of pain will be accomplished by close visual monitoring both during 
and after potentially painful procedures by trained study personnel. Signs of excessive 
pain or distress will result in immediate removal from the study and euthanasia. 

V .4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

71 

0 

0 

V.4.1.2. Pain Relief I Prevention: 

Species #2 

0 

212 

338 

V.4.1.2.1. Anesthesia/AnalgesiafTranquilization: see CNRM SOP #1 
lsoflurane will be the anesthetic. Mice will be anesthetized in an induction chamber with 
isoflurane + 100% oxygen containing (4% isoflurane.) After anesthesia is induced 
(indicated by non-responsiveness to toe pinch and decreased respiratory rate) , the 
isofluorane is reduced to 1.5-2% and the animals will be maintained via nose cone. 

V.4.1.2.2. Pre~ and Post-procedural (not surgery) Provisions: 

Animals will be gently handled for approximately 3min daily for 3-5 days prior to the start 

of the experiments to reduce stress on the animal. A general assessment of physical 

and behavioral health will be carried out on each mouse before any procedure. A 
veterinarian will be consulted should any sign of abnormality in appearance and/or 
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behavior be observed. Animals will be housed in a static cage in a room with stable 

temperature and humidity and on a reversed 12-h light/dark cycle per LAM SOP. Food 
and water will be ad libitum. For at least two hours following exposure to CCI, mice will 

be observed for signs of pain and distress and/or gross neurologic deficits. Assessment 
of pain will be accomplished by close visual monitoring both before and during 

potentially painful procedures by trained study personnel. Specifically, animals will be 
observed for changes in appearance, respiration, and provoked and unprovoked 

behavior. If recovery is not complete by the end of two hours. observation will be 

continued until recovery is complete. If the animal is having difficulty moving about the 

cage, gel packs. which provide complete nutrition will be placed on the bottom of the 
cage to allow easier access to food. If the animal shows signs of unusually high levels 

of pain and discomfort, it will be euthanized 

V.4.1.2.3. Paralytics: NIA 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: ALTBIB and PubMed 

V .4.1.3.2. Date of 5earch: 8/27/15 

V.4.1.3.3. Period of Search: all available 

V.4.1.3.4. Key Words of Search: 

Keywords for PubMed: 

#1 : Pain AND traumatic brain injury AND in vitro 

#2: MRI AND traumatic brain injury AND in vitro 
#3: MRI AND traumatic brain injury AND cell culture 

#4: traumatic brain injury AND pain 

V.4.1.3.5. Results of Search: 
There is a small selection of brain injury research conducted in vitro and in computer 
models. These studies address specific bioengineering questions or specific cell injury 
questions. The only way to address the specific aims proposed in this study is to keep 
the cellular organization and biochemical interactions of the entire brain intact. This 

requires using an in vivo model and reducing the anesthetics and analgesics being 

administered. This search lead to a review article that discusses the need for in vivo 

experimental TBI and careful consideration of how anesthetic and analgesic agents can 

affect the experimental outcome (Rowe, et al 2013). 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
See CNRM SOP #1 
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The goal of the current study is aimed at understanding the benefits of n-3 fatty acid 
supplementation for brain development and recovery after traumatic brain injury. 
Analgesics and anesthetics commonly used during animal surgery have neuroprotective 
and anti-inflammatory side effects (Rowe, et al. 2013; Graham, et al. 2004; Zohar, et al. 
2006; Zhang, et al. 2002). The efficacy of n-3 fatty acids after TBI may be a result of 
their effect on anti-inflammatory pathways (Calder 2005). N-3 fatty acids, specifically 
DHA, decreases the products of cyclooxygenase 1 and 2 (COX-1 and COX-2) (Norris, 
et al. 2012). The non-steroidal anti-inflammatory drugs (NSAIDs) typically used after 
animal surgery (i.e. meloxicam) work by inhibiting COX (Botting 2000; Tacca, et al. 
2002). Another commonly used analgesic for animal surgeries is acetaminophen. 
Acetaminophen has been reported to Inhibit prostaglandin synthesis, a prominent 
molecular product of the COX-inflammatory pathway (Graham and Scott, 2005). DHA 
and the former analgesics would exhibit similar biochemical footprints when 
investigating the COX inflammatory pathway. Opioids, like Buprenorphine, have been 
reported to show anti-inflammatory effects such as decreasing TNF (Walker 2003; Lufty, 
et al. 2004). Neuroinflammatory pathways are an important site of inquiry in this study. 
The neuroprotection and anti-inflammatory actions of additional post-operative 
analgesics may confound and mask n-3 fatty acid effects on brain biochemistry and 
repair. Avoid ing additional analgesics is recommended until a better understanding of 
the effects of n-3 fatty acids on reparative brain mechanisms and development is 
acquired 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: see CNRM SOP #1 
Mice will be fed a diet deficient in DHA. The present study will be conducted to establish 
the neuroprotective potential of n-3 fatty acids/DHA in traumatic brain injury model. 
Modified diet will be used as one of the sources to expose the animal to different levels 
of fatty acids. In these diet studies, the animals will be fed one of four defined diets 
(AJN-93) that consist of varying ratios of n3 and n-6 fatty acids prior to euthanasia and 
tissue collection. The supplementation entails only a substitution in fats, with the rest of 
the dietary composition maintained at normal levels. Since linoleic acid is considered an 
essential fatty acid, all diets will include at least 0.5 energy percent of this fatty acid. 
Therefore, animals will receive proper nutrition throughout the experiment and there will 
be no water restriction. Two-week pregnant dams will be placed on a special diet 
through the pregnancy as well as after delivery in the lactation period. After weaning, 
the male and female offspring will be placed on the same diet as had by the respective 
dams for a further 8-10 week period. For both series of experiments, the animals will be 
subjected to CCI when they are 8-10 weeks old and continued with their respective diet 
regime for about another week. 

V.4.3.2. Procedure: see CNRM SOP #1 for 

CCI: Mice will be induced in 100% oxygen and 4% isoflurane. Once mouse is 
unresponsive to toe pinch, the anesthesia will be maintained at 2.5% isoflurane. The 
head will be secured via ear bars and the top of the head will be shaved. Iodine will be 
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applied to the shaved area. A midline incision using a scape! will be performed to 
expose the parietal bone of the skull. The craniotomy will be 4 mm made over the left 
cerebral hemisphere between the lambda and the bregma marks about 1 mm from 
midllne. An impact velocity of 3.5 mis with a penetration depth at 1.5 mm and impactor 
dwell time of 500 ms will be used. After the injury, the wound will be covered with 
Surgicel (Johnson & Johnson. Artington. TX, USA) and the craniotomy closed using 
cyanoacrylate. The incision will be sealed with non-absorbable nylon sutures (Ethilon 
Nylon Suture, Ethicon, Johnson & Johnson) and then the animal will be removed from 
anesthesia. Once the animal regains righting reflex. the animal will be returned to their 
home cage and monitored for excessive pain and discomfort. Any sutures that do not 
fall out naturally while the incision is healing post-surgery, will be removed when the 
incision is fully sealed (approx. 1 week post surgery.) 

MRI: One set of mice will be housed at USUHS and taken to the USHUS Arnmal MRI 
facility directl for ima in . Another set of mice will arrive from Dr.P..__>16_1 ____ __. 

( . These mice will be transported to USHUS for MRI 
ng via e ve 1c e an eut anized immediately after imaging in the fume hood 

in Rn1\6i<b) I For MRI imaging, mice will be anesthetized in an induction chamber with 
100% oxygen containing 4% isofluorane. After anesthesia is induced (indicated by loss 
of toe pinch reflex. decreased respiratory rate). the isofluorane is reduced to 1.5-2% and 
the animals will be maintained via nose cone in a stereotaxic setup. Core body 
temperature is monitored by a thermistor type rectal temperature probe (or an MR 
compatible fiber optic rectal probe) that is lubricated and inserted into the rectum. A 
target body temperature of 37 is maintained by a feedback controlled circulating warm 
water blanket. Plane of anesthesia will be monitored by anesthetic gas levels, and 
changes in physiological parameters that may include heart rate. respiratory rate, end 
tidal C02 and body temperature (via rectal probe). ECG may be monitored if necessary. 

For MR imaging of the brain. the head of the anesthetized mouse will be restrained with 
ear bars and a bite bar in a configuration similar to commercial stereotaxic devices. MR 
may be performed for up to 3 hours to include a T2 anatomical scan, Diffusion tensor 
imaging, relaxometry measures and other scans as deemed necessary. 

V.4.3.3. Post-surgical Provisions: see CNRM SOP #1 
The mouse will be recovered in a clean cage on a circulating warm water heating pad. 
It will be visually monitored until it is awake and ambulatory. Animals will be given ad lib 
access to food on the floor of their cage for 24 hours after anesthesia. Animals will be 
monitored daily for signs of oain and distress not associated with the surgical injury. 

V .4.3.4. Location: 
CCI will take place at the CCI apparatus in the LAM facilities at USUHS 
MRI will take place at the animal MRI facility at USUI IS ......,..- .... 
Cardial perfusion will take place in the fume hood in Rrrf6xc3 luSUHS campus 

V.4.3.5. Syr,eon: 
r )<BJ _ Ph.D 
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V .4.3.6. Multiple Majo r Survival Operative Procedures: NIA 

V .-4.3.6.1. Procedures: NIA 

V.4.3.6.2. Sc ientific Justification: N/A 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections : See CNRM SOP #1 
Using a 27 gauge needle, animals will receive an intraperitoneal (1.p.) injection 
(approximately 200-400 µL) of either DHA (16mg/kg}, Synaptamide (5-20 mg/kg). DHA 
plus Synaptamide. or vehicle. DHA and Synaptamide are immiscible in saline. therefore 
the vehicle will be DMSO. A similar study in rat administered a daily dose i.p. injection of 
16 mg/kg of DHA for just short of one month (21 days) (Harvey et al. 2014). No issues 
of toxicity relating to the DHA ( 16mg/kg) in DMSO injection were reported in that study. 
There 1s no literature available on the toxici of synaptamide injections in vivo. Our 
collaborator, Dr. is working on toxicity and tolerability of 
synaptamide in vivo an w1 in orm us o a safe and effective dose. Her lab has 
currently administered a daily synaptamide dose of 25 mgfkg to mice for 3 days without 
any signs of pain or distress and no mortalities (Desai, personal communication, Feb 
2016). The synaptamide dose will be between 5-20 mg/kg In our study, animals will 
initially be dosed 6 hours after injury and then once a day for the following 30 days. IP 
injection sites will alternate sides of the abdomen from day to day. Animals that do not 
receive injury (experiment 1) will begin injections at 3 months of age. For transcardial 
perfusions. animals will be injected IP with an overdose of Na Pentobarbital or Euthasol 
(50-70 mg/kg) before the non-survival transcardial perfus ion procedure begins. 

V.4.4.2. Biosamples: 
All brains will be removed for ex-vivo imaging and histological characterization. 

V.4.4.3. Adjuvants: N/A 

V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 

V .4.4.5. Animal Identification: Animals will be identified vta ear punch and hand 
written notes on cage cards regarding group and treatment. 

V.4.4.6. Behavioral Studies: No behavioral studies will be performed for these 
experiments. 

V.4.4.7. Other Procedures: 
Transcardiac Perfusion: All mice will receive cardiac perfusions. Each mouse will be 
overdosed with Na Pentobarbital (50-70mg/kg) and be checked for reflex using a pinch 
test. In the instances when Na Pentobarbital is not available the commercially available 
euthanasia solution Euthasol® (50-70 mg/kg} will be used as an atternative. Once the 
animal is deeply anesthetized (as indicated by lack of response to pinch test), they will 
be cut from the bottom of the rib cage to the top of the sternum to expose thoracic 
organs. An appropriate size needle (26-27 G for mice) will be punctured through the left 
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ventricle of the heart into the right atrium. Saline will be pushed through the heart either 
by way of syringe or tubing. Once the blood has cleared. (measured by the aorta and 
liver color) then 4% buffered paraformaldehyde plus 4% glucose in phosphate buffer 
solution will be pushed through the heart. The brain will then be removed and 
immersed in{raraformaldehyde solution or frozen. This procedure will occur in the fume 
hood in Rni b <0> IUSUHS campus. 

Ear Punch: All mice will receive ear punch for identification in a cage Mice in 
experiment 1 will be randomly assigned to experimental groups. Before drug 
administration begins, each mouse will be scruffed and quickly receive a 1 mm hole in 
their ear from a disinfected mouse ear punch in the appropriate identification location. 
The ear punch device will be disinfected initially in an autoclave and then rubbed down 
with 70% ethanol before the punch. Mice in experiment 2 will receive an ear punch for 
identification during the time of surgery, while the mouse is still anesthetized. 

V.4.4.8. Tissue Sharing: NIA 

V .4.5. Study Endpoint: 
All animals will be euthanized at the time points indicated in the protocol. Any animal 
showing signs of excessive pain or distress will be euthanized before the experimental 
study endpoint and removed from the study. Signs of excessive pain or distress include 
hunched posture. self-mutilation, aggressive vocalization. ataxia, lethargy, soi led hair 
coat. and excessive body weight loss. Body weight will be measured once before 
surgery and then weekly after that. A total body weight loss of > 10% loss from baseline 
weight for a sustained period of 1 week will constitute a sign of excess pain or distress. 
Any animal that shows these symptoms will be carefully observed for several days If 
symptoms attenuate, the animal will be kept in the study. Excessive pain or distress will 
involve the any of the above symptoms lasting for more than a week and will 
necessitate removal from the study. 

V.4.6. Euthanasia: Euthanasia for animals in the experiment will consist of transcardial 
perfusion as describe earlier. All animals needing to be euthanized for other reasons. 
such as excessive pain and distress, will be euthanized following AVMA guidelines and 
will consist of C02 inhalation from a 100% C02 compressed gas cylinder. Animals will 
be placed in an induction chamber and the tank will be filled with C02 gas at an 
approximate rate of 0.5-1 liter per minute. Gas will be maintained for 1 minute after 
respiration has stopped to prevent unintended recov1ery (approximately 3-4 minutes 
total.) 

V.5. Veterinary Care : 

V.5.1. Husbandrv Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol . 

V.5.1.1. Studv Room : 
Bullding(s) USUHSl(bl<6l 
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V .5.1.2. Special Husbandry Provisions: 

Food Restriction: Yes No x 

Fluid Restriction: Yes No x 

V .5.1.3. Exceptions: Special Diet: The present study will be conducted to establish 
the neuroprotective potential of n-3 fatty acids/DHA in a traumatic brain injury model. 
Modified diet will be used as one of the sources to expose the animal to different levels 
of fatty acids. In these diet studies, the animals will be fed one of four defined diets 
(AIN-93) that consist of varying ratios of n3 and n-6 fatty acids prior to euthanasia and 
tissue collection. The supplementation entails only a substitution in fats, with the rest of 
the dietary composition maintained at normal levels. Since linoleic acid is considered an 
essential fatty acid, all diets will include at least 0.5 energy percent of this fatty acid. 
Therefore, animals will receive proper nutrition throughout the experiment and there will 
be no water restriction. Two-week pregnant dams will be placed on a special diet 
through the pregnancy as well as after delivery in the lactation period. After weaning, 
the male offspring will be placed on the same diet as had by the respective dams for a 
further 8-10 week period. For both series of experiments, the animals will be subjected 
to CCI when they are 8-10 weeks old and continued with their respective diet regime 
throughout the experiment. 

V .5.2. Veterinary Medical Care: 

V .5.2.1. Routine Veterinarv Medical Care: Veterinary staff at LAM will check on 
animal cages 2 times per day. Animal cages will be changed out for clean cages 2 times 
per week. Any animals that look ill or distressed will be reported to a Veterinarian for 
further assessment. The veterinarian's diagnosis of the animal will be reported and the 
animal will be monitored for worsening or improving of symptoms. If treatment of the 
animal is required. protocol staff will be notified for approval of the treatment. 

V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekends and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: None 
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VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING; 

STUDY PE~SONNEL QUAUFICATIONS/TRAINl1NG 

P1rotocol activity or 
procedure (e.g , tail vein Name of person 
iniectioM. euthanasia) I oerformina acfr.,1tv 

Planning and (tl)(ti) 

interpreting CC I 
experiments; will not 
be handling animals 
Planning and 
"nterpreting MRI 
,experiments; will not 
be tnandl1inQ animals 
CCI 

M'RI 

MRI 

Perfrusion 

lnttape:ritorneal 
Injection 

CCI and Perfusion 
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Ouatlfi~alions ot person 
performing activity (e.g., 
resear<Ch technician. 2 

yrs excerience'i 

Over 20 years of 
experience working 
in pre-clinic-al and 
clinical T61 
Over 20 years of 
experience in MRI 

Postdoc. 5 yr 
experienc~ 

performing CCI 

Postdoe, 5 yr 
e><perience handling 
rodents and trained 
on performing in 
vivo MRI by 
experienced 
technicians 
Postdoctoral fellow, 
6+ years exper1ence 
scanning various 
animals 

Postdoc, 5 yr 
experience in 
per'f usion of rodents 

Postdoc, 5 yr 
experience 
performing IP 
injection 

Research Assistant, 
works on numerous 
projects in Drl(bJ(5l 

(b)lt>) llab, 2 
years previous 
experience workina 

Specific training 1n this 
acti\lity or procedure 
(e.g., roden! hand'Hng 

class. 1999\ 
USUHS Pl Training, 

Will take USUHS Pl 
training 

Rodent Handling 
Training, 5 Nov 
2015 
USUHS Pl Training, 
5 Nov 2015, 
MIF Safety Course, 
2015 
fMRI Summer 
Course, 2:015 

Rodent Handling 
Training, 8 Jan 
2013 
lJSUHS Pl Training, 
6 Feb 2013 
Rodent Handling 
Techniques Course, 
5 Nov 2015 
USUHS Pl Training, 
5 Nov 2015 
Roden~ Handling 
Techniques Course, 
5 Nov 2015 
USUHS Pl Training, 
5 Nov 2015 
Rodent Handling 
Techniques Course, 
4 February 2016 
USUHS Pl Training, 
4 February 2016 
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VII. BIOHAZARDS/SAFETY: 
PPE: All technicians will wear scrubs/lab coat, gloves, closed-toed shoes, and a mask 
while handling animals. When working with biologically hazardous materials. 
technicians will wear a lab coat, gloves. closed-toed shoes, goggles, and a mask. 
Waste gas: Waste anesthetic gases will be exhausted using an active scavenging 
system. 
Paraformaldehyde: Paraformaldehyde will be worked with in a fume hood. Waste will be 
collected and disposed of as chemical waste. 

VIII. ENCLOSURES: 

Alexander D, Barker G, Arridge S. Detection and modeling of non-Gaussian apparent diffusion 
coefficient profiles in human brain data. Magnetic Resonance in Medicine 2002; 48:331- 340. 

Bailes JE, Mills JD. Docosahexaenoic acid reduces traumatic axonal injury in a rodent head 
injury model. J Neurotrauma 2010; 27:1617-1624. 

Bazan NG. Neuroprotectin D1 (NPD1): a DHA-derived mediator that protects brain and retina 
against cell injury-induced oxidative stress. Brain Pathol 15, 2005; 159-66. 

Blay L, lngalhalikar M, Eavani H, Roberts TPL, Schultz RT, Verma R. HARDI based Pattern 
Classifiers for the Identification of White Matter Pathologies. MICCAI 2011. 

Botting RM. Mechanisms of action of acetaminophen: Is there a cyclooxygenase 3? Clinical 
Infectious Diseases 2000; 31 :S202-10. 

Calder P.C. Polyunsaturated fatty acids and inflammation. Biochem Soc Transac., 2005; 
33:423-427. 

Cao D, Kevala K, Kim J, Moon HS, Jun SB, Lovinger D. Kim HY. Docosahexaenoic acid 
promotes hippocampal neuronal development and synaptic function. J Neurochem 111, 2009; 
510-21. 

Deoni SCL, Rutt BK. Arun T, Pierpaoli C. Jones DK. Gleaning multicomponent T1 and T2 
information from steady-state imaging data. Magnetic Resonance in Medicine. 2008: 
60(6):1372-1387. 

Desai A, Kevala K, Kim HY. Depletion of brain docosahexaenoic acid impairs recovery from 
traumatic brain injury. PloS One 2014: 9:e86472. 

de Urquiza AM, Liu S, Sjoberg M, Zetterstrom RH, Griffiths W, Sjovall J, Perlmann T. 
Docosahexaenoic acid, a ligand for the retinoid X receptor in mouse brain. Science 290, 2000; 
2140-4. 

Diaz-Arrastia R, Kochanek PM, Bergold P et al. Pharmacotherapy of traumatic brain injury: state 
of the science and the road forward: report of the Department of Defense Neurotrauma 
Pharmacology Workgroup. J Neurotrauma 2014; 31 :135-158. 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

23 



Doppenberg EMR. Bullock R. Clinical neuroprotective trials in severe traumatic brain injury: 
Lessons from previous studies. J Neurotrauma 1997; 14:71-80. 

Farooqui AA, Horrocks LA Phospholipase A2-generated lipid mediators in the brain: the good, 
the bad, and the ugly. Neuroscientist 12, 2006; 245-60. 

Graham GG, Scott KF. The mechanism of action of paracetamol. Am J Ther. 2005 Jan
Feb; 12(1 ):46-55. 

Graham SM, McCullough LD, Murphy SJ. Animal models of ischemic stroke: Balancing 
experimental aims and animal care. Comp Med., 2004; 54. 486-496. 

Hamazaki K. Choi K, Kim HY. Phospholipid profile of the postmortem hippocampus of 
schizophrenic and bipolar patients. J Psychiatr Res. 44, 2010; 688-693. 

Harvey LD, Yin Y, Attarwala IY, Begum G, Deng J, Yan HQ, Dixon CE, Sun D. Administration of 
DHA Reduces Endoplasmic Reticulum Stress-Associated Inflammation and Alters Microglial or 
Macrophage Activation in Traumatic Brain Injury. ASN Neuro 2015; 7(6)1759091415618969 

Hergenroeder GW, Redell JB, Moore AN, Dash PK. Biomarkers in the clinical diagnosis and 
management of traumatic brain injury. Mol Diagn Ther 2008: 12(6):345-358 

Hong S, Gronert K, Devchand PR. Moussignac RL, Serhan CN. Novel docosatrienes and 175 
resolvins generated from docosahexaenoic acid in murine brain, human blood, and glial cells. 
Autacoids in anti-inflammation, J Biol Chem 27B, 2003; 14677-87. 

lrfanoglu MO, Ye FO, Ozarslan E, Leopold DA, Silva AC, and Pierpaoli C. Cortical Surface 
Based Representation of Diffusion: A Marmoset Study, ISMRM, 2012. 

Kim HY. Novel metabolism of docosahexaenoic acid in neural cells. J Biol Chem 282, 2007; 
18661-5. 

Kim HY, Moon HS, Cao D, Lee J, Kevala K, Jun S, Lovinger D, Akbar M, Huang BX. N
Docosahexaenoylethanotamide promotes development of hippocampal neurons. Biochem J 
435, 2011 ; 327-36. 

Langlois JA, Rutland-Brown W. Thomas K. Traumatic Brain Injury in the United States: 
Emergency Department visits, Hospitalizations, and Deaths. Atlanta, Georgia: National Center 
for Injury Prevention and Control, 2004. 

Lee MH, Shin Y, Lee SH, Cha YJ, Kim DY. Han BS, You SH. Diffusion tensor imaging to 
determine the potential motor network connectivity between the involved and non-involved 
hemispheres in stroke. Biomed Mater Eng. 2015 Aug 17;26(s1):S1447-S 1453. 

Lewine JD, Davis JT, Bigler ED, Thoma R, Hill D, Funke M, Sloan JH, Hall S, Orrison WW. 
Objective documentation of traumatic brain injury subseQuent to mild head trauma: muttimodal 
brain imaging with MEG, SPECT, and MRI. J Head Trauma Rehabil 2007;22:141-155 

Lufty K, Cowan A. Buprenorphine: A UniQue Drug with Complex Pharmacology. Curr 
Neuropharmacol 2004 Oct; 2(4): 395-402. 

USUHS Form 3206 - Revised October 2008 
Previous ve1li1ons are obsolete 

24 



Lyeth BG, Hayes RL. Cholinergic and opioid mediation of traumatic brain injury. J Neurotrauma. 
Suppl 1992; 2:S463-74. 

Maxwell WL, Povlishock JT, Graham OL. A mechanistic analysis of nondisruptive axonal injury: 
A review. J Neurotrauma 1997; 14:419-440. 

Mcintosh TK. Novel pharmacologic therapies in the treatment of experimental brain injury: A 
review. J Neurotrauma 1993; 10:215-261 . 

Mcintosh TK, Juhler M, Wieloch T. Novel pharmacologic strategies in the treatment of 
experimental brain injury: 1998. J Neurotrauma 1998; 15:731-769. 

Michael-Titus AT, Priestley JV. Omega-3 fatty acids and traumatic neurological injury: from 
neuroprotection to neuroplasticity? Trends in neurosciences. Jan 2014: 37(1 }:30-38. 

Mills JD, Bailes JE, Sedney CL, Hutchins H, Sears B. Omega-3 fatty acid supplementation and 
reduction of traumatic axonal injury in a rodent head injury model. J Neurosurg 2011: 114:77-84. 

Narayan RK, Michel ME. The Clinical Trials in Head Injury Study Group. Clinical trials in head 
injury. J Neurotrauma 2002; 19:503-557. 

Norris, PC, Dennis, EA. Omega-3 fatty acids cause dramatic changes in TLR4 and purinergic 
eicosanoid signaling. Proc Natl Acad Sci USA. 2012 May 29;109(22): 8517- 8522. 

Ottens AK, Golden EC, Bustamante L, Hayes RL, Denslow ND. Wang KK. Proteolysis of 
multiple myelin basic protein isoforms after neurotrauma: characterization by mass 
spectrometry. J Neurochem 2008; 104(5):1404-1414. 

Ozarslan E, Koay CG, Shepherd TM, Komlosh ME, lrfanoglu MO, Pierpaoli C, Sasser PJ. Mean 
Apparent Propagator (MAP) MRI: A novel diffusion imaging method for mapping tissue 
microstructure. Neurolmage. 2013. 

Pierpaoli C, Jones 0. Removing CSF contamination in brain DT-MRJs by using a two
compartment tensor model. Paper presented at: Proceedings of the 12th Annual Meeting of 
ISMRM, Kyoto, Japan 2004. 

Rashid MA, Katakura M. Kharebava G, Kevala K, Kim HY. N-Docosahexaenoylethanolamine is 
a potent neurogenic factor for neural stem cell differentiation. J Neurochem 125, 2013; 869-884. 

Reeves PG, Nielsen FH, Fahey GC, Jr. AJN-93 purified diets for laboratory rodents: final report 
of the American Institute of Nutrition ad hoc writing committee on the reformulation of the AIN-
76A rodent diet. J Nutr 1993; 123:1939-1951 . 

Rowe RK, Harrison JL, Thomas TC, Pauly JR. Adelson PD, Ufshtz J. Anesthetics and 
analgesics in experimental traumatic brain injury: Selection based on experimental objectives. 
Lab Anim (NY). 2013 Aug; 42(8): 10.1038/laban.257 

Sacolick LI, Wiesinger F, Hancu I, Vogel MW. 81 mapping by Block-Siegert shift. Magn Reson 
Med 2010; 63(5):1315:22 

Saatman KE, Duhaime AC, Bullock R. Maas Al, Valadka A, Manley GT Classification of 
traumatic brain injury for targeted therapies. J Neurotrauma 2008; 25:719-738. 

USUHS Form 3206 ~ Revised October 2008 
Previous versions are obsolete 

25 



Schumacher M, Guennoun R, Stein DG, De Nicola AF. Progesterone: therapeutic opportunities 
for neuroprotection and myelin repair. Pharmacot Ther 2007; 116(1 ):77 -106. 

Siesjo BK. Basic mechanisms of traumatic brain damage. Ann Emerg Med 1993; 22:959-969. 

Sorg SF. Schiehser OM, Bondi MW. Luc N, Clar!< AL, Jacobson MW, Frank LR, Delano-Wood 
l.White Matter Microstructural Compromise Is Associated With Cognition But Not Posttraumatic 
Stress Disorder Symptoms in Military Veterans With Traumatic Brain Injury. J Head Trauma 
Rehabil. 2015 Sep 10 [Epub ahead of print] 

Tacca MD. Colucci R. Fornai M. Blandizzi C. Efficacy and Tolerability of Meloxicam, a COX-2 
Preferential Nonstero1dal Anti-Inflammatory Drug. Clin Drug Invest 2002;22(12) 

Tournier JD, Calamante F, Gadian DG, Connelly A. Direct estimation of the fiber orientation 
density function from diffusion-weighted MRI data using spherical deconvolution. Neuroimage. 
2004; 23(3): , 176-85. 

Tuch DS. Q-Ball lmagmg, Magnetic Resonance in Medicine 2004, 52:1356-1372. 

Wake H. Lee PR, Fields D. Control of Local Protein Synthesis and Initial Events in Myelination 
by Action Potentials . SCIENCE 2011 ; Volume: 333 Issue: 6049 Pages: 1647-1651 . 

Walker JS. Anti-inflammatory effects of opioids. Adv Exp Med Biol. 2003:521 :148-60. 

Wilde EA, Bouix S, Tate DF, Lin AP, Newsome MR, Taylor BA. Stone JR. Montier J, Gandy SE, 
Biekman B. Shenton ME. York G. Advanced neuroimaging applied to veterans and service 
personnel with traumatic brain injury: state of the art and potential benefits Brain Imaging 
Behav. 2015 Sep;9(3):367-402. doi: 10.1007/s11682-015-9444-y. 

Zhang J. Gibney GT. Zhao P. Xia Y. Neuroprotective role of 1>-op101d receptors in cortical 
neurons. J Physiol Cell Physiol. 2002; 282:C1225-C1234. 

Zohar 0, Getslev V, Miller AL. Schreiber S, Pick CG. Morphine protects for head trauma 
induced cognitive deficits in mice. Neurosci Lett. 2006; 394:239-42 

USUHS Fotm 3206 - Reviaed Odober 2008 
Pre11ious llel'S11>ns are obsolete 

26 



-
IX. ASSURANCES: 

As the Principal Investigator on this protocol. I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Dupl ication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statist ical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used.• 

0 . Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection. biosafety, recombinant issues, and so forth , in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures / 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training : I verify that I have attended the USUHS Investigator/Animal User 
Train ing Course. 

Sept 18, 2015 

Principal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

j (b)(6) IMP PhD 

H. Responsibil ity: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all tnd1viduals associated with this project will demonstrate a concern for the health, 
comfort. welfare. and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth · R" that the DOD has embraced. namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 
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I Sept 18, 2015 
Date 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals This potential pain and/or distress 
WILL NOT be relieved with the use of anesthetics. analgesics and/or tranquilizers. I 
have considered alternatives to such procedures; however, using the methods and 
sources described in the protocol, I have determined that alternative procedures are not 
available to accomplish the objectives of this proposed experiment. 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: To be assigned 

8 . Animal Protocol Title: Traumatic brain injury recovery with n-3 highly unsaturated 
fatty acids (HUFAs) in mice: A biomarker-driven approach 

c. Principal Investigator: L.jt6_>t
5
_> ______ _. 

0 . Performing Organization : Uniformed Services University for the Health Sciences 

E. Funding: Center for Neuroscience and Regenerative Mediicne 

F. Objective and Approach: Hypothesis: Our hypothesis is that DHA 
supplementation after TBI is neuroprotective and this neuroprotection can be detected via 
blood biomarkers and advanced magnetic resonance imaging strategies. We will show this 
with the following specific aims: 
Aim 1: Innovative imaging study, designed to determine whether advanced 
neuroimaging strategies, including d iffusion imaging and relaxometry , are sensitive 
to the omega-3 fatty acid content of brain membranes. In this study we propose to use 
quantitative MRI techniques to identify potential biomarkers of brain changes induced by 
Omega-3 fatty acids in animals. We plan to investigate the effects of OHA intake on the 
brain in mice that are chronically depleted of Omega-3 FA vs. animals with an Ornega-3 FA 
enriched diet. using a model based on the one develloped by Desai et al. {2014) in Dr. 

l<b){6) ~ab . We will acquire MRI data of mice in vivo prior to DHA supplementation and then 
longitudinally. Ex-vivo, high resolution MRI scanning will be performed on the same bra ins 
studied with histological techniques. 
Aim 2: Preclinical project designed to identify MRI biomarkers sensitive to omega-3 
supplementation after TBI. Such MRI and blood biomarkers could read ily be translated to 
clinical trials. These include measurements of bioactive lipids in plasma and RBC 
membranes such as synaptamide, 17-hydroxy-DHA. 0-resolvins, endovanilloids, and 
endocannabinoids. These bioactive lipids have potent anti-inflammatory and pro
neurogenic effects that will simultaneously be tested in a parallel clinical study. Eight-10 
weeks old male mice will be injured by an experimental TBI model. moderate controlled 
cortical impact in the parietal cortex. OHA and Synpatamide supplementation (40 mg/kg) 
will start 6 hours after injury and continue for 30 days {3136}. Accessible biological tissues 
(plasma, serum, RBC membranes. potentially others) will be assayed using sensitive 
HPLC-Mass Spectrometry (MS) assays in Drltb)(6) tab. Our lab will acquire MRI data of 
mice in vivo prior to injury and then longitudinally after TBI induced by controlled cortical 
impact to investigate the effects of DHA treatment. 

G. Indexing Terms (Descriptors): Traumatic brain injury 
Omega-3 fatty acids: DHA; Magnetic resonance imaging; Diffusion tensor imaging; 

Neuroprotective; Biomarker; Mouse/ Mice 
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April 23, 2012 

MEMORANDUM FOR oRf .... 6
)_
161 
_____ __.lDEPARTMENT OF PATHOLOGY 

SUBJECT: IACUC Approval of Protocol - Triennial Review 

The followmg application ·was reviewed and approved by the Uniformed Services University of 
the Health Sciences (USUHS) lmtitutionaJ Animal Care and Use Conunittee (IACUC) via Designated 
Member Review on April 23, 2012: 

Animal Protoool Title: ''Regulation of Anti-Infectious Immunity (Mice)" 

US UHS Prntoco! Number: f ... 6_ll5_i ___ _. 

Expiratjoo Date; April 22, 2015 

Sypportjng Onmt(s> Numm: l_(
0

_><

5
_i -------

Name <>f Pri®ipal lnvestimor; 0r.f ... b_l(
5
_> ___ ___, 

The USUHS bu an AiWiiil Welfare A~ on file with dae Offic.e for LabotatOtY Animal 
Welfare (OL.A W); National Institutes of He.altb (NIH). The Assurance Number i~(b)(6) IThe 
IACUC approved lhe above referenced application as submitted. 

An amual review is required for each of the three years of this protocol This review must be 
completed by the anniversary date of lite protocol. If work is to be continued past the expiration date, · 
a triennial review must be completed prior to the expinrion date in order for work to be uninterrupted. 
Protocol expiration dates may not be ex.tended, aod no animal wod may be done without an approved 
protocol. All.bough lbt IACUC may send reminders, it is the: ilwestigaror's respo11sibility t'O submit an 
annual review form (Fonn 3206A) at least 30 days in advance, or a new Form 3206 for triennial review 
at I~ 60 days iD advance of cxpimtioo. 

Prior to placing ydr~ fin.a ani~ order, please contact ~(b)(5J Ito schedule a pr~ 
proc<Xol planning moetingtt!(l'll __: Trus meeting rnust ()(Cut to ensure animal ownbers arc loaded 
in the CART system and LAM resources are available to meet your need~ 

(l:l) 

b)(6) Ph.D. 
L......,-----1' 

Chair, Imcitunooal Animal 
Care and Use Committee 

cc: 
Office of Research 

learning to Cart for Tbou i11 Harm's Way 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET JACUC Date Stamp 

P~~TOCOLNµMB~R: ~r_>{5_> ______ __. 

PROTOCOL TITl,.E: Regulation of anti-infectious immunity (mice) 

GRANT TITLE_fil .. Qiffer~nt from above): 
Dendrltie and T cells ln anti~bacterial Jg responses (NIH-Ro1J<5>t5> I ____ _ 
Developing of Novel Adjuvants for Augmenting Humoral Immunity (USUHSJ ... ~_H6_> ___ _, 

ofWf'NCIPAI INVESTIGATOR• lt6)(61 IM.D, 

r 
L Pathology l'l'!"!<b~)(5~> -----.1 12. /J.~ /2.P, l 

Date ' j Department Office/lat> Telephone 

~~lENTIFIC Rl=Vll;VV: This animal use proposal received appropriate peer scientific 
r.<b>r~) · ' ientific research practice. 

Chair 
! "> l --:z_ l 1 

~ Title Telephone 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not e)(cessive, and the statistical design is appropriate for the intent of the 
study. 

PMB ~l<b_l<_6> ............................ iiiiiiiiil"= 
Date Statistician Sir.!'g.,..na;,,..tu .... r ... e ----. 

Typea Namel ... <b_l(6_) ___ _, 
Department Telephone 

ATTENDING VETERINARIAN: In accordance with the Animal Weffare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
rel ieved by anesthetics or analgesics. 

(b)(6) 

Attend1ng/C~~lll.Ji~~riar1 Signature 
Typed Nam > VM; MPH 
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ANIMAL PROTOCOL NUMBER: l_(b)-(e) ___ _ 

PRINCIPAL INVESTIGATOR: ..... l(b-)(6-) ____ ___,~1.D. 

ANIMAL PROTOCOL TITLE: Regulation of anti-infectious immunity (mic.e) 

GRA_NI__TlTL_E Uf diff~rent from above>: 
Dendritic and Tc.ells in anti-bacterial lg responses (NIH-R01)f~l<6) • I 
Developing of Novel Adjuvants for Augmenting Humorat Immunity (USUHS)._l<b_)ta_) __ ___. 

CO-INVESTIGATORS: 
< _ Ph.DA~eseareh Assistant Professor, Dept. Patt'!o!Ogy 

,.,,....,.,.,.._ _ __.i..w..l"'· -Research Assistant Professor, Dept. Pathology 
rn:m~---~M.D .-Research Associate. Dept. Pathology 

raduate S_tuclent BJ.T.S. , Pilani, India 
~~------........ 

raduate Student. B.l.T.S .. Pilani , India 

TECHNICIANS(S): 
None. 

I. NON-TECHNICAL SYNOPSIS: 
Infections with extracellular bacteria are a major source of global morbidity and 

mortaltty. This fact, and the increasing incidence of antibiotic-resistanc.e of bacterial strains 
make the development of vaccines against these agents of high clinical importance for ooth 
1he civilian and military sectors, Immunity to this Class of pathogens is mediated by 
antibody that facilitates the uptake and subsequent killing of bacteria by phagocytic cells 
such as neutrophils and macrophages. In order to optimize the design of effective vaccines 
against these agents, it is important to understand the basic immunologic parameters that 
regulate antibody production in vivo in response to immunization or infection with an intact 
bacterial patho.gen. 

Our laboratory studies the in vivo protein- and polysaccharide-specific 
immunoglobulin isotype response to intact Gram-positive (e.g. Streptococcus pneumoniae, 
streptococcus agalactiae. Staphylococcus aureus) and Gram-negative ( e,g, Neisseria 
meningifidis, Acinetobacter baumannil) extracellular bacteria or antigens derived from these 
pathogens, using the mouse as a model system. These bacterta continue to cause 
substantial global health problems. We currently have two major funding sources (see 
above) that collectively are integrated to explore this general issue in a complementary 
fashion. Hence, these respective projects. which are conducted in Rooms fbl(5l I 

116)(6) lin the Department of Pathology, are subsumed under this one animal 
protocol1 given that the methodologies related to the use of mice are widely overlapping 
among the projects. 

Areas of study include the role of cienClritic cells and macrophages, B and T 
tymphooytes, innate immunity including Toll-like receptors, cytokines1 chemokines, and T 
cell costimulatory molecules, in the ability to elicit humoral immunity to intact extracellular 
bacteria. or purified bacterial antigens and novel adjuvants. Regarding the use of mice, 
methOdo.logies include 1) utilizing athymic nude mice for a) making monoclonal antibody
containing ascites and b) -as a model of T cell--deficiency for immunologic studies, 2) 
immunization of mice with heat-killed intact bacteria or bacterial antigens, by i.p,, i. v. and 
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s.c. routes; in selected experiments alum or Toll-like receptor (TLR) ligand adjuvants are 
used, 3) tail vein bleeds to obtain sera for measurement of antigen-specific lg isotype titers 
and cytokines by ELISA, and for obtaining circulating immune cells, 4) removal of lymphoid 
tissue for obtaining cells for various in vitro immunologic studies and for confocal 
fluorescence microscopy, 5) infection of mice with live extracellular bacteria for studies on 
immunologic protection or induction of humoral immunity, 6) use of various mouse strains 
as recipients in immune cell adoptive transfer experiments, and 7) gamma irradiation of 
immune cells to act as antigen-presenting cells for stimulating T cells, or of live mice to 
create bone marrow chimeras. Heavy use is made of transgenic and knockout mice (listed 
below) in which we have established breeding colonies for some strains, in LAM. As will be 
described, although these extracellular bacteria are human pathogens, their use 
experimentally at worst poses minimal health concerns that can easily be addressed using 
routine microbiologic precautions. 

II. BACKGROUND: 

11.1. Background: 
Various extracellular bacteria, listed in this protocol, are major causes of global 

morbidity and mortality. Systemic adaptive immunity to these bacterial pathogens is 
mediated by antibody, especially lgG specific for the capsular polysaccharide (PS), but 
also for bacterial proteins. Our long-term goal is to elucidate the cellular 
mechanisms that underlie the distinct differences that exist between in vivo anti
PS and anti-protein lg responses between distinct extracellular bacteria, and 
between intact bacterial pathogens and bacteria-derived soluble vaccines, These 
studies will aid in the development of improved vaccines and to an understanding 
of physiologic humoral immune responses during bacterial infections. 

In contrast to the current dogma, based on using purified PS antigens, that lgG anti
PS responses are T cell-independent, we demonstrated that the lgG anti-PS responses 
to intact extracellular bacteria are heavily dependent on CD4+ T cells. However, distinct 
bacteria elicit distinct types of T cell-dependent anti-PS responses in vivo. Further, lgG 
anti-PS responses to intact bacteria appear to be regulated by distinct cellular 
parameters relative to fgG anti-PS responses to soluble PS-containing vaccines. In light 
of these data, the central hypothesis that underlies our proposed research is that 
distinct physical parameters and combinations of antigenic and immune .. 
modulating moieties intrinsic to various intact bacteria and vaccines distinguish 
both physiologic anti-PS and anti-protein lg responses to intact bacteria, as well 
humoral immunity to intact bacteria versus soluble bacterial vaccine antigens. 
We will demonstrate that these parameters differentially impact on 1) the temporal 
usage of responding B cells, T cells, and APCs within the spleen, 2) the cellular 
interactions of the responding B cells with these other immune cell types, and the 
recruitment of regulatory innate immune processes. As a result we will provide a 
mechanistic basis that will elucidate the nature of the in vivo humoral immune 
responses observed. 

11.2. Literature Search for Ouolication: 
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11.2.1. Literature Source{s) Searched: 
Biomedical Research Data Base (BRO) 
Federal Research in Progress (FEDRIP) 
Pub Med 

11.2.2. Date of Search: December 23, 2011 

11.2.3. Period of Search: 2001-2011 (FEDRIP); 2001-2011 (BRO) 

11.2.4. Key Words and Search Strategy: 
Search#1. Extracellular bacteria, mouse, and humeral immunity. 
Search#2. Extracellular bacteria, mouse, and vaccine. 
Search#3. Extracellular bacteria, mouse, and humeral immunity 
Search#4. Polysaccharides, mouse, and antibody 
Search#S. Extracellular bacteria, mouse, and polysaccharides 
Search#6. Polysaccharides, mouse, and vaccine 

11.2.5. Results of Search: 
Although extensive work is being conducted in the more general areas 

subsumed under each search, and thus multiple hits too numerous to detail were 
obtained, the searches did not reveal any projects investigating the specific Ideas 
outlined in this protocol including detailed studies investigating the differential regulation 
of anti-protein and anti-polysaccharide responses to intact extracellular bacteria or 
bacteria-derived antigens. 

111. OBJECTIVE\HYPOTHESIS: 
1. We will determine the nature and relationships of B cell and APC cell 

subsets, and co4• T cells that differentially mediate in vivo anti-PS and anti
protein lg isotype responses to systemic immunization with intact extracellular 
bacteria. We will utilize magnetic bead or high speed electronic cell sorting and 
adoptive transfer of wild-type and genetically altered immune cells or bacteria, and 
bacteria-derived soluble vaccine antigens, combined with ELISPOT and ELISA 
analyses of antigen-specific lg isotype production to accomplish this aim. In addition, 
selective manipulation of immune cells in vivo will be accomplished by creation of bone 
marrow chimeric mice. in which mice are first irradiated to ablate the hematopoietic 
system, then reconstituted with bone marrow cells from genetically altered mice. 

The bacteria selected for these studies are those that account for major morbidity 
and mortality in the human populations, and in which vaccines are either available 
(although requiring improvements) or being developed. The bacteria include 1) 
Streptococcus pneumoniae 2) Streptococcus agalactiae (Group B Strep [GBS]), 3) 
Staphylococcus aureus, 4/5) Neisseria meningitidis, group A and C, and 6) 
Acinetobacter baumannii. The justification for the use of these bacteria is that they 
include both Gram-positive and Gram-negative bacteria, which may behave differently 
in regard to the nature of the immune response elicited. Thus, these studies represent 
a systematic approach to understanding intact bacterial pathogens as 
immunogens for elicitation of antibody responses specific for bacterial protein 
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and polysaccharide antigens. For each bacteria, a corresponding conjugate vaccine 
is evaluated to further study if and how these conjugates differ from intact bacteria in 
eliciting humeral immunity. Thus, the relatively large number of mice requested, 
reflects the systematic and comprehensive nature of these analyses, which have 
not previously been undertaken by others and which have potential clinical 
significance. The time points chosen are based on our extensive experience on the 
kinetics of the immune response obtained from our previous studies on Streptococcus 
pneumoniae. 

2. We will determine the mechanism by which B cells, APCs, and co4• T cells 
differentially orchestrate anti-PS and anti-protein responses within a 
spatiotemporal context. We will utilize B cells from PS- and protein-specific B cell 
receptor transgenic mice and T cells from CD4 ... T cell receptor (TCR) transgenic mice 
with specificity for a bacteria-expressed peptide to accomplish this aim. These cells will 
be used to conduct in vitro functional studies and confocal microscopic analyses of 
splenic and lymph node tissue sections from mice immunized in vivo. 

3. We will determine the mechanism by which distinct extracellular bacteria 
exert immunoregulatory effects on humoral immune responses to co-immunized 
soluble antigens. During infections with extracellular bacteria, the immune system 
likely encounters a variety of microbial components in soluble form, as wen as those 
associated with the intact bacterium. Although soluble and particulate antigens may 
exhibit distinct immunologic properties, their potential cross-regulatory effects on the 
humeral immune response, following concomitant immunization, as might occur during 
bacterial infections, is unknown. We will determine the innate cellular mechanisms by 
which intact bacteria alter antibody responses to co-immunized proteins antigens, 
through the use of genetically altered bacteria and mice, immune cell adoptive transfer 
studies, and bone marrow chimeric mice. 

These studies are the first to systematically determine the mechanisms that 
distinguish anti-PS from anti-protein responses to an intact bacterium, elucidate 
the differences between humoral immune responses to intact bacteria versus 
soluble bacterial antigen-derived vaccines, determine the mechanisms by which 
bacteria alter immune responses to heterologous antigens, and provide novel 
basic immunologic insights with direct relevance to the development of anti
bacterial vaccines. 

IV. MILITARY RELEVANCE: 
Infections with extracetlular bacteria continue to exact significant morbidity and 

mortality among members of the military populatlon. Although these infections can be 
treated with antibiotics, the increasing development of antibiotic-resistant strains has 
made necessary the development of new vaccines for host protection. Protective 
vaccines for extracellular bacteria necessitate the elicitation of high titers of antigen
specific lgG antibodies against select microbial antigens. The rational design of 
vaccines requires an understanding of the basic immunologic parameters that elicit 
antibody production in response to either an intact pathogen or purified soluble 
microbial antigens. The work subsumed under this protocol should provide useful new 
information on the basic humeral immune response to extracellular bacteria and their 
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relevant antigens, which will help guide the development of new anti-bacterial vaccines 
that will have immediate use among the military population that are at risk for these 
infections, both as natural pathogens, as well as potential bioterrorist agents. In 
addition, direct cfinical applications will be explored through the development of novel 
adjuvants for stimulating immunity to various antigens derived from these bacterial 
pathogens. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

Two major types of experiments will be performed: 

1) In vivo-in these experiments mice are immunized i.p., i.v., s.c., or i.n. with 
either intact bacteria, purified antigen, or specific types of purified immune cells (e.g. 
dendritic cells, macrophages, T cells, and B cells) with or without additional 
immunoreagents such as adjuvant (i.e. alum, TLR ligands), monoclonal antibodies or fusion 
proteins specific for soluble mediators or cell surface structures. At varying times thereafter, 
several parameters of the immune response will be determined such as; 

a) blood levels of bacteria [counting on agar plates] and lethality, 
b) serum titers of antigen-specific lg isotypes [ELISA] or numbers of specific lg

producing B cells [ELISPOT]. 
c) phenotypic changes and localization of various immune cell types found 

within intact lymphoid organs or freshly explanted [fluorescence confocal microscopy 
and flow cytometry], 

d) cytokine and chemokine production [ELISA, ELISPOT, flow cytometry, 
immunohistochemistry, RT-PCR] 

Generally, in vivo experiments are performed using 7 mice per experimental group 
based on our consultation with a professional statistician (see below: 'V.2. Data Analysis"), 
as well as having long experience working in this research area. As such, this number of 
mice is crucial for meaningful statistics. The typical experiment covers 4-5 weeks (i.e. 
primary immunization followed by secondary immunization 2-3 weeks later, with an 
additional 1-2 weeks of follow-up analyses). 

2) In vitro- Mice will also be used as a source of immune cell types for both in 
vitro stimulation and in vivo adoptive transfer experiments. Cells include: 

a) dendritic cells and macrophages obtained from bone marrow, cultured initially 
in GM-CSF or M-CSF, respectively to increase cell numbers. 

b) T cells, B cells, dendritic cells, or macrophages obtained from spleen or 
lymph node and then purified by either magnetic or electronic cell sorting and used either 
for in vitro studies or for adoptive transfer into new mice for in vivo studies. 

c) Macrophages obtained via peritoneal lavage and used immediately. 
The number of mice required for these experiments strictly depends on the nature of 

the experiment and the particular cell type or subset under study; different cells are found in 
different relative proportions and thus heavily influence the number of mice needed to 
obtain sufficient numbers for the experiment. Details of these experiments now follow: 
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V.1.1. Experiment 1: The T cell. costimulatorv. and B cell subset 
requirements for induction of in vivo PS-specific and protein-specific lgG 
responses to intact bacteria and conjugate vaccines. We previously conducted a 
series of in vivo immunologic studies to determine the cellular and costimulatory 
parameters that mediated the antibody response to intact, heat-killed Streptococcus 
pneumoniae, capsular type 14 (Pn14) versus a soluble pneumococcal conjugate 
vaccine. To develop a broader view of how different Gram-positive and Gram-negative 
bacteria regulate an anti-capsular polysaccharide response in vivo, we will significantly 
extend our studies using the Gram-positive bacteria, Streptococcus agalactiae (Group B 
Streptococcus [GBS}) and Staphylococcus aureus (SA) and the Gram-negative 
bacteria, Ne;sseria meningitidis group A and group C (MenA and MenC, respectively) 
and Acinetobacter baumannii (AcB). Soluble conjugate vaccines utilizing the purified 
capsular PS from these bacteria, will also be evaluated in a similar fashion to better 
understand the differential parameters governing responses to particulate intact bacteria 
versus soluble bacterial conjugate vaccines. 

The justification for these studies is the hypothesis that the unique structural and 
biochemical features between these bacteria, as well as conjugate vaccines, will result 
in distinctive anti-polysaccharide (PS) responses in vivo. All bacteria will be heat-killed 
and injected into mice i.p. and thus we anticipate no pain, suffering, or lethality from 
these series of studies, nor any risk to the investigator. 7 mice per group will be used to 
statistically power these studies. Serum will be obtained from tail vein bleeds at day O 
(pre-bleed}, 21 (primary) and 28 (secondary) for determination of serum titers of PS
specific and whole bacterial protein-specific lgM and lgG. 

a. Kinetics of the systemic primary and secondary lgM and lgG anti-PS 
responses to heat-killed bacteria. Wild-type (BALB/c, C57BU6, FVB) mice will be 
injected i.p., i.v .. or s.c. with 2 different doses (2 x 108 CFU/mouse and 1 x 109 

CFU/mouse) of the respective bacteria in saline and boosted with the same dose on 
day 21. Following determination of serum titers of antigen-specific antibody, the mice 
will be euthanized. Thus, each experiment is expected to last -35 days. All experiments 
will be planned to performed 3x for reproducibility, with the assumption that some 
experiments may fail and that at least 2 successful experiments are needed publishable 
data. On the basis of these studies we will choose a single dose of bacteria and a single 
route of immunization for subsequent studies. Since we plan to subsequently use 
genetically altered mice on either the BALB/c or C57BU6 background 

Total BALB/c: 5 types bacteria x 2 doses x 3 immunization routes x 7 mice x 3 
experiments=630 

Total C57BU6: 5 types bacteria x 2 doses x 3 immunization routes x 7 mice x 3 
experiments=630 

Total FVB: 5 types bacteria x 2 doses x 3 immunization routes x 7 mice x 3 
experiments=630 

b. Kinetics of the systemic primary and secondary lgM and lqG anti-PS 
res(!onses to soluble bacterial conjugate vaccine. A similar series of studies as 
described in 1.a. will be performed using a single standard dose (1 O micrograms per 
mouse) of soluble conjugate vaccine containing a PS from the bacteria indicated above 
covalently attached to an immunogenic protein. Only two experiments each are 
proposed using C57BU6 and FVB strains in this instance, since we consider that these 
will be largely confirmatory of the data obtained using the BALB/c strain. 
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Total BALB/c: 5 types conjugate x 1 dose x 3 immunization routes x 7 mice x 3 
experiments=315 

Total C57BU6: 5 types conjugate x 1 dose x 3 immunization routes x 7 mice x 2 
experiments=315 

Total FVB: 5 types conjugate x 1 dose x 3 immunization routes x 7 mice x 2 
experiments=315 

c. PS-specific lgG memory response. To determine intact bacteria or conjugate 
vaccine induce memory Band/or CD4+ T cells specific for the lgG anti-PS and/or lgG 
anti-protein response. RAG-/- mice (BALB/c or C57BU6 background) which lack Band 
T cells, will be used as recipients for adoptive transfer of B cells and CD4+ T cells from 
either naive or bacteria/conjugate primed BALB/c mice or C57BU6 mice. Reconstituted 
RAG-/- mice will be immunized with either intact bacteria or conjugate and serum titers 
of lgG anti-PS wilt be determined by ELISA. If memory cells for an lgG anti-PS 
response are produced by the initial immunization, then it is predicted that recipient 
RAG-/- mice will demonstrate substantially higher serum anti-PS titers when donor cells 
are from primed as opposed to na'ive mice. Cells from one donor will be transferred into 
one recipient. 

BALB/c, RAG-/-: 5 bacteria x 7 mice x 3 experiments=105 BALB/c, 105 RAG-/
BALB/c, RAG-/-: 5 conjugate x 7 mice x 3 experiments=105 BALBlc, 105 RAG-/
C57BU6, RAG-/-: 5 bacteria x 7 mice x 3 experiments=105 C57BU6, 105 RAG-/
C57BU6, RAG-/-: 5 conjugate x 7 mice x 3 experiments=105 C57BU6, 105 RAG-I
d. T cctll-51.!pendence of lgG anti.PS resQonse to bacteria or conjugate 

vaccine. BALB/c or T cell-deficient (athymic nude) mice (7/group) will be immunized 
with heat-inactivated bacteria and boosted. Additional BALB/c mice will receive 1 mg of 
a depleting rat lgG2b anti-mouse CD4 mAb (clone GK1 .5), rat lgG2b anti-mouse CDS 
mAb (2.43) or species/isotype-matched negative control mAb (clone J 1.2), 24h prior to 
immunization. Serum will be collected for primary and secondary lgM and lgG anti-PS 
and anti-protein responses by ELISA. 

BALB/c mice: 5 types bacteria x 7 micelgroup x 3 experiments x 3 Ab + 1 saline 
treatments=420 

BALB/c mice: 5 types conjugate x 7 mice/group x 3 experiments x 3 Ab + 1 saline 
treatments=420 

Athymic nude mice: 5 types bacteria x 7 mice/group x 3 experiments=105 
Athymic nude mice: 5 types conjugate x 7 mice/group x 3 experiments=105 
e. B cell subsets. Three comp~ementary approaches will be utiJized to determine 

the potential role of marginal zone B cell (MZB) and folticular B cells (FB) in the lgG 
anti-PS and anti-protein response to intact bacteria versus conjugate vaccine. (I) Lsc-1-
mice (ii) adoptive transfer of sort-purified F8 or MZB cells, as well as CD4+ T 
cells, into RAG./- mice; 1 mouse as donor cells into 1 mouse as recipeint (41). and (iii) 
selective depletion of MZB using anti-LFA-1 (a~2) + anti-a4-CD49d mAbs with rat 
lgG as control Ab. 

i. Lsc-/-: 5 types bacteria or conjugate ( 10) x 7 mice/group x 3 experiments=21 o 
C57BU6 control: 5 types bacteria or conjugate ( 1 O) x 7 mice/group x 3 

experiments=210 
ii. BALB/c: 5 bacteria or conjugate (1 O) x 7 mice [donor+recipient]/group (14) x 3 

experiments=420 
iii. BALB/c: 5 bacteria or conjugate (10) x 7 mice x 2 Abs or saline (3) x 3 

experiments=630 
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f. T cell costimulation. If as expected, the lgG anti-PS response to intact bacteria 
and conjugate is dependent on CD4+ T cells, the T cell costimulatory requirements will 
be determined as follows: (i) 87 -dependence: CD28-/- vs wild-type (WT) mice, and 
injection of CTLA41g or control LS into WT mice, (ii) !COS-dependence: ICOS4- vs WT 
mice, and blocking rat lgG2a anti-mouse ICOSL (clone HKS.3) vs control rat lgG2a anti 
E coli (3-galactosidase (clone GL 117), and (iii) CD40/C040L: CD40L-/- vs wr mice, and 
blocking hamster lgG anti-mouse CD40L mAb (clone MR-1) vs control hamster lgG. 
The use of knockout mice and corresponding blocking/depleting mAbs are important 
complementary, validating approaches. 

i. C57BL/6: 5 bacteria/5 conjugate (10) x 7 C57BL/6 (WT) x 3 experiments=21 O 
CD28-/-: 5 bacteria/5 conjugate (10) x 7 CD28-/- x 3 experiments=210 
BALB/c: 5 bacteria/5 conjugate (10) x 7 BALB/c (CTLA41g) x 3 experiments=210 
BALB/c: 5 bacteria/5 conjugate { 1 O) x 7 BALB/c. (L6) x 3 experiments=21 o 

ii. C57BL/6: 5 bacteria/5 conjugate (10) x 7 C57BL/6 x 3 experiments=210 
ICOS-/-: 5 bacteria/5 conjugate (10) x 7 ICOS-/- x 3 experiments=210 
BALB/c: 5 bacteria/5 conjugate (10) x 7 BALB/c (anti-ICOSL) x 3 

experiments=21 O 
BALB/c: 5 bacteria/5 conjugate (10) x 7 BALB/c (control Ab) x 3 

experiments=21 O 
iii. C040L-/-: 5 bacteria/5 conjugate (10) x 7 CD40L-/- x 3 experiments=21 O 

BALB/c: 5 bacteria/5 conjugate (10) x 7 BALB/c (WT) x 3 experiments=210 
BALB/c: 5 bacteria/5 conjugate (10) x 7 BALB/c (anti-CD40L) x 3 

experiments=210 
5 bacteria/5 conjugate (10) x 7 BALB/c (hamster lgG) x 3 experiments=21 o 

V.1.2. Exoeriment 2: Role of inflammatory monocytes and conventional 
dendritic cells (DC) in anti-PS responses to intact bacteria and coniugate 
vaccines. Transgenic mice expressing the Diphtheria toxin receptor (DTR) dependent 
on the activity of the CD11b or CD11c promoter (i.e. CD11b-DTR and CD11c-DTR 
mice, respectively) are used to selectively deplete a subset of CD11 b+ (inflammatory 
monocytes) or total CD11c+ cells (conventional DC) following DT injection. To prevent 
lethality following DT administration, DT must be administered to bone marrow (BM) 
chimeric mice, made by injecting BM cells from either CD11 b-DTR mice into lethally
irradiated wild-type FVB or C57BL/6 mice, or BM cells from CD11c-DTR mice into 
lethally-irradiated BALB/c mice, for reconstitution of the hematopoietic system 
expressing the respective transgene. C57BL/6 recipients will be used selectively, and 
thus in few numbers) for additional experiments involving other genetically altered cells 
from strain-matched mice. These BM chimeric mice can thus be used to study the role 
of inflammatory monocytes and conventional (c)DC in regulating anti-PS and anti
protein responses to intact bacteria and conjugate vaccines in adjuvant. Preliminary 
studies from our laboratory demonstrated that depletion of inflammatory monocytes 
markedly inhibits the anti-PS response to intact Pn14 (Streptococcus pneumoniae, 
capsular type 14) while enhancing the protein response. Further preliminary studies 
indicated that depletion of cDC results in an unexpected enhancement in both the anti
PS and anti-protein responses to intact Pn14. 

In this series of studies we will determine (i.) whether the results observed for Pn14 
apply to additional, distinct bacteria, as well as to different soluble conjugate vaccines. 
(ii.) whether inflammatory monocytes and or cDC play a role in innate host protection 
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against live bacteria by performing lethality studies using a dose of bacteria that we 
have determined is sub-lethal in wr mice. To minimize the use of mice in lethality 
studies, preliminary dosing to establish a sub-lethal challenge will entail the use of 3 
mice per group to establish the dose of live bacteria of a given strain, that is minimally 
lethal as a prelude to performing more extensive lethality studies. Three-fold increments 
in bacterial dose will be tested based on historical doses previously used in published 
studies, so as to minimize the number of groups needed. For these experiments, two 
irradiated recipient mice can be reconstituted with BM from 1 CD11 b-DTR or C011c
DTR mice. Only 1 experiment is proposed using C57BU6 mice since we consider this 
study relatively straightforward and confirmatory of the data using FVB, for the purpose 
of using the CD11 b-OTR model,. Three experiments each are proposed for BALB/c 
mice since this strain is being used in conjunction with a different mouse model (i.e. 
C011c-DTR). 

The strains of N. meningitidis type A or C use in our curren studies are from ATCC 
and classified as BSL2 agents. However, in light of case studies (see below) reporting a 
risk of infection for laboratory workers with exposure to live N. meningitidis type A or C 
(used in our laboratory) [attack rate estimated at 13/100,000), we will take the following 
precautions: 1) The laboratory worker will be required to read the relevant published 
reports on potential risk. 2} The laboratory worker will be required to receive the 
tetravalent meningococcal conjugate vaccine before handling live meningococcus. If 
that individual refuses, they will not utilize these bacteria. 3) Handling of bacteria will 
require working both in a class II biological safety cabinet (currently in our lab) and 
wearing of a surgical mask in order to prevent exposure to droplets and aerosols, 
according to the published recommendations. 

1. Kessler, A. T., 0. S. Stephens, and J. Somani. 2007. Case Study. Laboratory
acquired serogroup A meningococcal meningitis. J. Occup. Health. 49: 399-401. 

2. MMWR. 2002. Laboratory-acquired meningococcal disease---United States 2000. 
51: 141-144. 

3. Omer, H., G. Rose, K. A Jolley, E. Frapy, J-R. Zahar et al. 2011. Genotypic and 
phenotypic modfications of Neisseria meningitidis after an accidental human passage. 
PloS ONE 6: e17145. 

4. Sejvar, J. J., D. Johnson, T. Popovic, J. M. Miller, F. Downes et al. 2005. 
Assessing the risk of laboratory-acquired meningococcal disease. J. Clin. Microbial. 43: 
4811-4814. 

(i.) FVB: 5 bacteria/5 conjugate (1 O} x 7 FVB + DT/7 FVB (without OT) x 3 
experiments=420 

C57BU6: 5 bacteria/5 conjugate (1O)x7 C578U6 + DT/7 C57BL16 (without OT) x 1 
experiment= 140 

BALB/c: s bacteria/5 conjugate (10) x 7 BALB/c + DT/7 BALB/c (without DT) x 3 
experiments;;;420 

CD 11 b-DTR (FVB background): 21 O (for BM donor cells) 
CD11 b-DTR (C57BL/6 background): 70 (for BM donor cells) 
CD11c-DTR (BALB/c background): 21 O (for BM donor cells) 

(ii.) FVB: 5 bacteria x 7 FVB + DT/7 FVB (without OT) x 3 experiments=210 
C57BU6: 5 bacteria x 7 C57BU6 + DT/7 C57BL/6 (without DT) x 1 experiment=70 
BALB/c: 5 bacteria x 7 BALB/c + DT/7 BALB/c (without DT) x 3 experiments=21 O 
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CD11 b-DTR (FVB background): 105 (for BM donor cells) 
CD11 b-DTR (C57BU6 background): 35 (for BM donor cells) 
CD11c-DTR (BALB/c background): 105 (for BM donor cells) 

V.1.3 Experiment 3. Regulation of in vivo antibody responses to soluble 
protein antigens by co-immunized distinct intact heat-killed bacteria. During 
infections with extracellular bacteria, the immune system likely encounters a variety of 
microbial components in soluble form, as well as those associated with the intact 
bacterium. Although soluble and particulate antigens may exhibit distinct immunologic 
properties, their potential cross-regulatory effects on the humoral immune response, 
following concomitant immunization, as might occur during bacterial infections, is 
unknown. Preliminary studies from our laboratory demonstrate that co-immunization 
(i.v.) of soluble chicken ovalbumin (cOVA) in alum adjuvant with intact, heat-killed 
unencapsulated Streptococcus pneumoniae (strain R36A) markedly inhibits the 
subsequent lgG anti-cOVA response, and that this depends on the expression of 
phosphorylcholine in the R36A cell wall. In contrast, unencapsulated Group B 
Streptococcus (GBS) or unencapsulated Neisseria meningitidis. group C (MenC), which 
do not express PC, significantly enhances the lgG anti-cOVA response. 

We will conduct a series of experiments to better understand the mechanisms 
underlying these effects. We will determine: (i.) whether Toll-like receptors mediate the 
stimulatory effects of intact bacteria by using My088-/- mice; My088 is a critical adaptor 
molecule for TLR signaling, (ii.) the effects on CD4+ T helper cells specific for cOVA by 
co-immunized bacteria; cOVA-specific transgenic CD4+ T cells (0011.1 O x RAG-/
[BALB/c background) or OT-II x RAG-/- [C57BU6 background]) will be adoptively 
transferred into WT BALB/c or C57BU6 mice for immunization studies: 1 transgenic 
mouse can be used as a donor for two wr recipients. Two different strains of mice are 
used (C57BU6 and BALB/c) to accommodate the further use of additional strain
matched genetically altered immune c.ells. The transgenic CD4+ T cells will be 
evaluated by flow cytometry at days 0, 1, 2, 3, 7, 8, and 14 (7 time points) for T cell 
activation, proliferation, differentiation, and memory cell development, with each assay 
performed using 3 recipient mice each (iii.) the effect of TLR4 on the R36A-mediated 
inhibition of the lgG anti-cOVA response, in light of previous reports that the inhibitory 
action of phosphorytcholine (PC) may be mediated by TLR4; both TLR4-/- mic.e 
[C57BU6 background] and C3H/HeJ (TLR4-mutated, C3H/HeN background) will be 
used in complementary studies (iv.) the role of suppressive, IL-1 a-producing 81 cells, 
which express specificity for PC, on the R36A-mediated inhibition of the lgG anti-cOVA 
response; x.i.d. mice which selectively lack 81 B cells will be used, (v.) the effects of 
bacteria on the lgG anti-cOVA utilizing the s.c. route (i.e. lymph node-mediated versus 
Lv. route which is mediated by the spleen), with splenectomy perfonned to rule out 
splenic contributions following s.c. immunization. The bacteria to be utilized will include 
R36A, R36A without PC (R36Apc-), GBS, and MenC. 

i. My088-/-: 4 bacter1a x 7 mice/group 2 immunizations (cOVA alone versus cOVA 
+bacteria) x 3 experiments=168 

C578U6: 4 bacteria x 7 mice/group x 2 immunizations x 3 experiments=168 
ii. BALB/c: 4 bacteria x 3 micelgroup x 2 immunizations x 7 time points x 3 

experiments=504 
C57BU6: 4 bacteria x 3 mice/group x 2 immunizations x 7 time points x 3 
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experiments=504 
0011.1 Ox RAG-/-: 252 (donor cells) 
OT-II x RAG-/-: 252 (donor cells) 

iii. TLR4-/-: 4 bacteria x 7 mice/group x 3 experiments=84 
C57BU6: 4 bacteria x 7 mice/group x 3 experiments=84 
C3H/HeJ: 4 bacteria x 7 mice/group x 3 experiments=84 
C3H/HeN: 4 bacteria x 7 mice/group x 3 experiments;::84 

i.v. x.Ld.: 2 bacteria x 7 mice/group x 2 immunizations x 3 experiments=84 
CBNCaJ (control): 2 bacteria x 7 mice/group x 2 immunizations x 3 

experiments;;:;84 
v. BALB/c: 4 bacteria x 7 mice/group x 2 immunizations [s.c] (cOVA alone versus 

cOVA + bacteria) x 3 mouse groups 0/'IT. sham-splenectomized, splenectomized) x 3 
experiments=504 

V.1.4. Experiment 4. Adoptive transfer of transgenic B cells (PspA-specific and 
PPS14-sl)!cific CBALB/c background] 1nd PC-sQ!cific (M167·Tg [C57BU6 
background]) and T cells <PspA-Tg. and 010.11 (cOVA-specificJ (BALB/c 
background) and OT-11 CcOVA-specificJ (C57BU6 background) into recipient mice 
{athymic nude, or BALB/c wild-type). In these studies, transgenic B cells and/or T cells 
will be transferred into recipients in order to study their ability to induce antigen-specific lg 
isotype production (by ELISA and ELISPOT assay) in response to challenge with Pn (wild
type or expressing fusion PspA-cOVA) or conjugate vaccines, as well as transgenic B and 
T cell localization and migration within the spleen (by fluorescence confocal microscopy) 
following Pn and conjugate challenge. Isolation of adoptively transgenic B and T cells, by 
electronic ceUs sorting, following Pn and conjugate immunization for in vitro analyses will 
also be conducted. We anticipate using an average of 1 O mice from each strain mentioned 
above every 1 month (6 strains) in order to obtain sufficient numbers of purified B and T 
cells for adoptive transfer and to have a sufficient number of recipient mice for analysis. In 
all adoptive transfer studies both donors and recipients must be on the same stratn 
background (i.e. BALB/c or C57BU6). These studies will be ongoing for upcoming 3 year 
period. Through the use of antigen-specific transgenic B and T cells we can transfer into 
recipients a sufficient number of antigen-specific cells that can then be visualized with 
confocal immunohistochemistry and flow cytometric analyses. These cells can be further 
isolated for the study of additional cellular as well as molecular and biochemical parameters 
in order to determine how their behavior differs when exposed to different forms of antigen 
(e.g intact bacteria, soluble protein or polysaccharide, or conjugate vaccine). 

Total mice: 10/month x 9 strains x 36 months=3,240 mice (360 of each strain): 
360 PspA-BCR-Tg., 360 PPS14-BCR-Tg, 360 M167-Tg, 360 PspA-TCR-Tg,, 360 
010.11 x RAG-/-, 360 OT-II x RAG-/-, 360 athymic nude, 360 BALB/c 360 C57BU6. 

Mice in pain category "E" are in EXP2.ii as follows: FVB (210 mice), BALB/c 
(210 mice), and C57BU6 (70 Mice). 

Total mice required for upcoming 3 years=17.016 (see Table next page} 
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V.2. Data Analysis: 

We have consulted with a professional statistician (Dr. fG)(6) I in the 
Department of Preventive Medicine and Biometrics, at USUHS. As per her advice, we 
applied a formula. obtained from ·van Belle Statistical Rules of Thumb" (Wiley 2002, 
page 35) to determine the number of mice needed per experimental group in order to 
generate 80% power at 0.05% significance for a 3-1old difference ootween control and 
experimental groups, 130% power indicates that 4 out of every 5 experiments will show a 
statistically significant difference, if in fact a difference exists. fhis determination is 
based on celculatlng a coefficient of variation that quantifies differences in serum titers 
of lg between individual mice in the same experimental group. The formula is as follows: 

N=8CV2/FC2 ( 1 + { 1-FCJ2) where N:number of required mice, CV=coefficient of 
variation (standard deviation/mean), fC:afold=change. We calculated a set of CVs for 3 
separate, in vivo experiments using intact Pn. involving several different (1) time points 
primary response (days o. 7, 14) and secondary r~ponse (days 21 and 28). (2) 
antigens (PC , PPS14, and PspA), (3) isotypes (lgM, lgG) and (4) strains of mice 
(BALB/c, C57BL/6, and 86129). Collectively, the average CVs for the ~ experiments 
were 0.4 (using 5 mice per group, 86129), 0.51 (using 10 mice per group, BALB/c). and 
0.53 (using 8 mice per group, C57BU6). The number of required mice ('N") to generate 
80% power to tr.ese studies was compatible with our typical use of 7 mi~ per group. 
Thus, these numbers clearly provides the power necessary to reproducibly detect 
significant changes anticipated in thest studij, and is consistent with mouse numbers 
used by others for in vivo studies. Or. {bX6> agree<I with our use of the stuaent-T-test 
for determination of statistical signific:ance, and the use of standard error of the mean for 
expressing variation. and sugg~stect that geometric means would be preferable to 
arithmetic means, even though the latter are also acceptable. 
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V.3. Laboratory Animals Required and Justification: 

An itemized justification of the number of animals required is found in section V.1. 
under the respective descriptions of each set of experiments, based on the internal logic 
of each subsection. 

V.3.1. Non-animal Alternatives Considered: 

As state in V.3.2 below the studies described herein cannot be performed using 
long-term cell lines or modeling, but must directly assess the reactivity of the intact host 

V.3.2. Animal Model: 

Mice 

Species Justification: 

Collectively, these studies are designed to evaluate an immune response to either a 
whole pathogen or purified antigen in the intact host. In light of the vast complexity of an 
intact immune system, including the spatio-temporal organization of multiple cell types 
and cell surface and soluble mediators, a true understanding of the physiology of an 
immune response to a pathogen can only be studied in an intact host. The mouse 
model is ideal for studying the physiology of an in vivo immune response because: 1) it 
is the most widely studied animal model and hence a vast amount of information is 
already known in this species and 2) there are numerous immunoreagents available 
specific for use in the mouse. 

Strain Justification: 

1. Conventional wild-type mice: BALB/c, C57BU6, FVB. C3H/HeN and 
CBA/CaJ. These mice will, in part, serve as controls for genetically altered mice that 
have been created on these respective strain backgrounds. Additionally, each of these 
wild-type strains have certain unique host response patterns to immunization that make 
them of interest for studies involving the intact immune system. 

2. Athymic nude mice (mice lacking T cells). These mice have a natural mutation 
leading to the loss of thymic development. As a result, these mice are markedly 
deficient in T cells. Hence they serve as a convenient recipient for T cell transfer 
studies. 

3. RAG-/- lBALB/c and C57BU6 background] {mice lacking both B cells and T 
cells). RAG-/- mice are genetically deficient in a key protein involved in the formation of 
the antigen receptors for B cells and T cells. On this basis, RAG-/- mice fail to develop B 
cells and T cells, but otherwise develop in a relatively normal fashion. These mice thus 
serve as a convenient recipient for injecting B cells and/or T cells exhibiting specific 
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alterations, in order to determine if these alterations have an effect on an immune 
response. 

4. OVA-specific T cell receptor transgenic mice: 010.11 x RAG-/- (BALB/c 
background), OT -11 x RAG-I· (C57BU6 background. These mice are transgenic for a 
rearranged T cell receptor that recognizes a chicken ovalbumin (cOVA) peptide in 
association with MHC class-II. As such, a large percentage or 100% (on RAG-/
background) of the T cells in these mice are specific for cOVA-MHC class-II on the 
surface of antigen-presenting cells. Since wild-type Pn does not express this peptide, 
these T cells will be used as negative controls in transfer experiments in which 
transgenic T cells with an anti-Pn peptide specificity (i.e. PspA-specific T cell transgenic 
mice are used to determine the role of such T cells in the anti-Pn humeral response. 
Alternatively, cOVA-specific T cells will be used to deliver specific cognate help to 
genetically altered Pn which expresses a PspA-cOVA fusion protein in its cell wan, but 
not wild-type Pn. 

5. Phosphorylcholine (PC)-sptcific B cell receptor transgenic mice: M167 Tg. 
PC is a determinant on the cell wall C-polysaccharide (teichoic acid) of Pn. Thus, the B 
cells from M 167 T g mice will specifically recognize Pn through this determinant. B cells 
from these mice will be used to study the functional B cell response to Pn. 

6. lmmunoglobulin transgenic mice: PPS14 light chain, PPS14 heavv chain, 
double PPS14 heavy/light chain, PspA light chain. PspA heavv chain1 double 
PspA heavy/light chain. These mice are currently being created in our lab. The 
immunoglobulin heavy chain and light chain encoding a B cell receptor specific for 
either the Pn cell wall protein, PspA, or the Pn capsular polysaccharide, PPS14 has 
been isolated and will be used to create BCR transgenic mice. This will lead to the 
creation of mice possessing large numbers of PspA-specific or PPS14-specific B cells. 
These B cells will be used in studies of the B cell functional response to intact Pn during 
an immune response. 

7. PspA-soecific T cell receptor <TCR) transgenic (Tgl mice (PspA-TCR-Tg). 
These mice are currently being created in our lab. They will posses rearranged T cell 
receptor genes encoding for a PspA peptide/MHC ctass-11 specificity. These mice will 
possess a large number of CD4+ PspA-specific T cells useful for studying the T cell 
response to intact Pn during an immune response. 

8. Lsc-1- mice. These mice lack the cytoplasmic signaling protein Lsc, which results 
in an inability of antigen-specific splenic marginal zone B cells (MZB) to migrate from 
the marginal zone to the T cell areas of the spleen following immunization. This results 
in a defect in MZB obtaining CD4+ T cell help during an immune response. Thus, these 
mice have been useful in defining B cell subset utilization in T cell-dependent humoral 
immune responses to intact bacteria versus soluble bacterial-derived antigens. 

9. MvD88-/-, TLR4-1- mice. These mice are genetically deficient in the TLR adaptor 
protein My088 or the Toll-like receptor 4 [TLR4]. A role for these proteins in mediating 
in vivo innate and adaptive immune responses to Pn has been demonstrated. 

USUHS Form 3206 - Revised October 2008 
Previous versions are obsolete 

15 



10. C3H/HeJ mice. These mice have an inactivating mutation in the TLR4 gene 
leading to the expression of a non-signaling TLR4 molecule, and are used in a 
complementary fashion with TLR4-/- mice, which lack the TLR4 gene. 

11. CD11 c-DTR and CD11 b-DTR mice. These mice express the Diphtheria toxin 
receptor in cells expressing either CD11c (dendritic cells) or CD11b (inflammatory 
monocytes), respectively. Injection of diphtheria toxin selectively depletes these cells 
allowing for studies on their functional role in humeral immunity. 

Both male and female mice (6-12 weeks of age) will be used. The gender of the 
mouse has been shown by us previously not to significantly bias the phenomena under 
study and thus use of both genders represents a substantial savings in money. 
Nevertheless, when genetically-altered mice of one gender is used, the control mice will 
be of the same gender to maintain a strict control. The age range of the mouse is 
chosen in order to use mice with a mature and vigorous immune system, in a timely 
way. 

Justification for performance of lethality studies: 

Prevention of lethality from infectious agents following vaccination continues to 
be among the ugold-standards" of vaccine validation using mouse models. Introduction 
of live pathogens via the i.p., i.v., or i.n. route are considered standard, straightforward 
approaches. Below, are several representative samples of numerous recent citations in 
mainstream, peer-reviewed scientific joumals in which lethality studies using 
extracellular bacteria were oonsidered a major aspect of the reported project 

1. Cao. J., D. Chen, W. Xu, T Chen, S. Xu et al. 2007. Enhanced protection 
against pneumococcal infection elicited by immunization with the combination of PspA, 
PspC, and ClpP. Vaccine 25: 4996-5005. 

2. Glover, D. T., S. K. Hollingshead, and D. E. Briles. 2008. Stretococcus 
pneumoniae surface protein PcpA elicits protection against lung infection and fatal 
sepsis. Infect. fmmun. 76: 2767-2776. 

3. N. Munoz, L Van Maele, J. M. Marques, A. Rial, J. C. Sirard, J. A. 
Chabalgoity. 2010. Muoosal administration of flageUin protects mice from Streptococcus 
pneumoniae lung infection. Infect. lmmun. 78: 4226-4233. 

4. N. Cerca, T. Maira-Litran, K. K. Jefferson, M. Grout, D. A. Goldmann, and G. 
B. Pier. 2007. Protection against Escherichia coli infection by antibody to the 
Staphylococcus aureus poly-N-acetylglucosamine surlace polysaccharide. Proc. Natl. 
Acad. Sci. USA 104: 7528-7533. 

V.J.3. Laboratory Animals 

V.J.3.1. Genus & Species: Mouse 

V.3.3.2. Strain/Stock: BALB/c, C57BU6, FVB, RAG-/- (BALB/c background), RAG-/
(C57BU6 background), Athymic nude, Lsc-/-, CD28-/-, ICOS-/-, CD40L-/-, CD11b-DTR 
(FVB}, CD11b-DTR (C57BU6), CD11c-DTR (BALB/c), MyDBB+, D011.10x RAG+, 
OT-II x RAG-/-, TLR4-/-, C3H/HeJ, C3H/HeN, x.i.d., CBNCaJ, PspA-BCR-Tg, PPS14-
BCR-Tg, M167-Tg, PspA-TCR-Tg. 
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V.3.3.3. SpurcaNandor: ... f6_>'
4
_> ____________ ___. 

V.3.3.4. Age: 6-12 weeks 
V.3.3.5. Weight: NIA 
V.3.3.6. ~: Male ana Female 
V.3.3.7. Soecial Considerations: None. 

V.3.4. Number of Animals Required (b~ s,gecies): 17,016 mice (see above) 

V.3.5. Refinem4mt, Reduction, ReRlae~meot (3 Rs): 

V.3.5.1. Refipement: 

Strict endpoint criteria have been defined to euthanize mice at the earliest 
appropriate time in order to minimize pain and suffering. Mice will be examined three 
times daily (8 AM, 1 PM, and 6 PM). Mice will be infected -s PM since most mice ttiat 
are not protected by vaccination will develop pre-terminal signs from 14h-24h post
infectjon. Thus. the majority of mice that will eventually die, can be identified when they 
are pre-terminal (as described above). in order to euthanize these mice to minimize 
distress. As discussed and cited in this protocol the use of anesttletics and analgesics is 
contraindicated for these studies. given the known effects of these agents on altering 
immune function and hence potentially obsruring the data obtained. 

V.3.5.2. Reduction: 

A minimal number of mice have been chosen for each experimental group based on 
the innate mouse-to-mouse variability of the humoral immune response to a bacterial 
agent in the context of maximizing our ability to discern statistical significance (p~0.05). 
A further reduction is realized by using only 3 mice per group to establish the dose of 
live bacteria of a given strain, that is minimally lethal as a prelude to performing more 
extensive lethality studies. 

V.3.5.3. Replacement: 

As indicated in this protocol, the mouse is the lowest species on the phylogenetic 
scale in which to conduct detailed studies on the immunologic response of the intact 
host to a bacterial agent. 

V.4. Technical Methods: 

V.4.1. Pain J Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 
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V.4.1.1.1.1. Column C: 
V.4. 1.1.1.2. Column D: 
V.4.1.1.1.3. Column E~ 

Species#1 

16, 190 

336" 
490·· 

Species#2 

•These mice (BALB/c) will be undergoing splenectomy, involving survival of a 
surgical procedure. 

-*These mice (FVB=210, C57BU6;70, BALB/c=210) will be involved in lethality 

studies, in which mice not protected by vaccination and/or unvacoinated mice will 
die from the infection. 

V .4.1.2. Pain Relief I Prevention: In bacterial lethality and other studies described 
abOve, no measures will be performed to relieve the distress the mice may encounter as 
this would represent a serious potential impediment to the interpretation of these 
studies, given that any such measure could impact on the ultimate functioning of the 
host irmnune system, 

V.4.1.2.1. Anesthesia/Analgesia/Tranquilization: NIA 
See justification in V4, 1.3.5. 

V.4.1.2.2. Pt&= and Post-procedyral <not surgery) Pr2vhsions: 

Lethality studies-The end-point of lethality studies will be whether or not the mouse 
becomes moribund, a condition from which the mice do not recover. The moribund status 
will be defined by any of the following criteria: 1) inability to ambulate, 2) inability to eat or 
drink, 3) hunched posture, and 4) unresponsiveness to external stimulL If any of these 
signs are present, the mouse will be euthani%ed by cervical dislocation as described in oo r 

· h fi r m ri n mptoms by._ltb_)(6_> ________ ....1 

Mice will monitored at : A 14 post-infection), 1:00 PM, and 6:00 
PM. A log wilt be maintained documenting the date and time the mice were 
checked and by whom, the number of mice appearing moribund (including those 
which required euthanasia) and the number of mice found dead. When the 
lethality experiment is completed the findings will be reported to IACUC in order 
to evaluate the effi~cy o1 this modified approach. If no improvement is observed 
in decreasing the number of mice found dead (versus moribund) we wm consider 
o1tler methods, induding adding an additional time point for monitoring. 

Mouse irradiation and establishment of bone marrow chimeric mice- Mice will be 
gamma irradiated at USUHS at 900-1000 Rads for the purpose of making oone marrow 
chimeras. Specifically, irradiation of wild-type mice will eliminate their hematopoietic cells, to be 
replaced with mutant dcmor (i.e. co11 D-DTR ana CD1 i c-DTR) [DTR=Oiphthena toxin r~ptor] 
hematopoietic cells, via injection, i. v., of bone marrow cells from mutant mice. These "chimeric" 
mite will thus have a wild-type no~hematopoletic system and mutant hematopoietfc system. 
This approach is being taken based on published observations that these mutant non-
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hematopoietic phenotypes confer unwanted lethality under the experimental conditions being 
used (i.e. following OT [Diphtheria toxin] injection [see below]}, which is designed to study the 
mutant hematopoietic cells. 

Transfer of bone marrow cells rescues mice from the lethal effects of the irradiation. 
Chimeras are stably established and ready to use experimentally at 4--6 weeks. If donor cells 
don't repopulate bone marrow, mice will die in about 10 days. Donor bone marrow cells (10 
million cells per mouse in 150 microliters) must be injected Lv. within 24h of irradiatkm. Mice are 
maintained on antibiotics in their drinking water {Oitrim [sulfadiazine/trimethoprim] or Sulfatrim 
[sulfamethoxazole/trimethoprim; 5ml/200ml) for 2 weeks following irradiation. Subsequently, 
mice will switched to regular water without antibiotics. The antibiotic treatment should have no 
effect on the data generated from these studies. No anesthesia nor other methods to alleviate 
pain/suffering are required. Identification of moribund mice (if, in the unlikely occasion, bone 
marrow cells fail to re-establish the hematopoietic system} with subsequent sacrifice of animals 
by cervical dislocation has already been described in our current protocol. 

V.4.1.2.3. Paralytics: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: Medline 

V.4.1.3.2. Date of Search: 03/01/2012 

V.4.1.3.3. Period of Search: 1980-2012 

V.4.1.3.4. Key Words of Search: Animal, mouse, immunity, bacteria, pain, in vivo. 

V.4.1.3.5. Results of Search: 

opioids-opioids such as morphine have been reported to produce a number of 
immunomodulatory effects in both laboratory animals and humans. In vitro exposure of 
murine lymphocytes and macrophages to morphine and its metabolites at a wide range of 
concentrations resulted in suppressed B cell proliferation, suppression of IL-2, IL-4, and IL-
6, and inhibited cytotoxic T lymphocytes function (rer 11 . Fentanyl and buprenorphine, both 
opioid analgesics, also have immunomodulatory attributes in mice. Both opioids have 
shown a dose dependent attenuation of the serum TNF-a response in mice as a result of 
exposure to LPS and results in a significantly lower LPS-induced serum TNF-a increase. 
Morphine also suppresses T and B cells, depresses NK cell activity, and decreases the 

.bod (ret 2> N . I . h. . I d primary anti y response . arcotic ana ges1cs can cause rstamine re ease an 

respiratory depression which could alter the pathogenic and clinical response to infection (ret 
3) 

B. Non-steroidal anti-inflammatories (NSAIDs)-The cyclooxygenase inhibiting 
NSAIDs have been shown to produce progressive alterations of parameters of the 
thrombocyte vessel system of hemostasis, decreased ability of thrombocytes to aggregate, 

and activation of Hpid peroxidation processes in rabbits injected with bacterial endotoxincret 
4) 
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In summary-Steroidal and non-steroidal anti-inflammatories are contra-indicated in 
many protocols due to their interference with the inflammatory pathway which is critical 
in the normal pathogenesis of many physiological processes, including immunity. 

1. Thomas PT, Bhargava HN, House RV. 1995. lmmunomodulatory effects of in vitro 
exposure to morphine and its metabolites. Pharmacology, Jan;50(1):51-62. 
2. Piersma, F.E., Daemen, M.AR.C., vd Bogaard, AE.J.M., and W.A Buurman. 1999. 
Interference of pain control employing opioids in in vivo immunological experiments. 
Laboratory Animals, 33:328-333. 
3. Soma, L. R. 1983. Anesthetic and analgesic considerations in the experimental 
animal. Ann NY Acad Sci 406:32-47. 
4. Malov VA, Studennikova LN, Pak SG, et al. 1991. The effect of cyclooxygenase 
inhibition on the indices of the thrombocyte-vascular link in hemostasis and on the free
radical processes of lipid oxidation in experimental Salmonella intoxication. Nauchnye Doki 
Vyss Shkoly Biol Nauki, (7):58-63. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 

Pain will not be alleviated in the studies described in this protocol, except for 
splenectomized mice post-surgery (see below: V.4.3 usurgery") since steroidal and non
steroidal anti-inflammatories are contra-indicated in these experiments due to their 
interference with the inflammatory pathway which is critical in the normal pathogenesis 
of many physiological processes, including immunity. However, animals listed under 
Category C that do show evidence of significant pain or distress, in the opinion of the 
attending veterinarian and after consultation with the Pl or his staff if they can be 
reached, will be euthanized immediately". The projects described above are designed to 
study the immune response of the intact mouse to various types of immunization. These 
encompass essentially classical cellular immunologic approaches to studying the 
immune system including injections for immunization and bleeding to obtain sera for 
measuring antigen-specific lg isotype titers. All members of the lab are trained and 
experienced in these procedures and this in turn minimizes the actual pain and 
discomfort inflicted. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: Splenectomy. The procedure is performed as follows (adapted from 
Griffith and Farris, 1942): Mice are anesthetized with a combination of ketamine, 
xylazine, and acepromazine, respectively at 30mg/kg BW IM, 6 mg/kg BW IM, and 
1mg/kg BW IM (O'Rourke et a!. 1994). The mouse is laid on its back with its tail towards 
the investigator. The abdominal cavity is exposed through a midline incision extending 
posteriorly for about half of the abdomen. Alternatively, a dorso-ventral incision can be 
made near to the costal border of the thorax, on the right of the investigator. The 
prominent splenic vein with an accompanying small artery courses through the 
pancreatic tissue and splits into several small vessels just before entering the spleen. A 
ligature is placed around the splenic blood vessels just before they divide; they are 
severed distal to the ligature and the spleen is removed before closing the incision. 

Postoperative care includes analgesic given SC bid for 24 hrs (Buprenorphine at 
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0.05-0.1 O mg/kg BW, as recommended by Flecknell, 1991). In addition, a single dose 
will be given during surgery. No adverse changes in body temperature were reported in 
the published protocol. Mice should remain healthy provided they are not infected witti 
Bartonella muris, a blood parasite which produces a fatal microcytic anemia in 
splenectomized animals. If necessary, infection can be controlled with an i.m. injection 
of Neoarsphenamine at a dose of 140 mg/kg body weigtit. The pain level is •ow. 

V.4.4. Animal ManiQulations: 

V.4.4.1. Injections: 

Mice are immunized either s.c .. i.p., or i.v. with either heat-killed or viable intact S. 
pneumoniae, soluble purified protein and/or polysaccharide antigens with or without 
alum or TLR adjuvant and/or immune cells. For immunizations, mice will be immobilized 
manually and 0.25-0.5 ml of PBS containing bacteria, antigen(+/- adjuvant) and/or cells 
will be injected using a 28 gauge needle. For Lv. injections mice will first be subjected to 
heating by infrared heat lamp, with close monitoring to prevent heat exhaustion, in order 
to increase blood flow to the tail vein to facilitate injections. After various time periods, 
sera may be collected by obtaining blood from the tail vein. The maximum number of 
blood collections from immunized mice is typically 3 per mouse. Approximately 0.2 ml of 
blood is collected from the tail vein of each mouse, 7 days apart. We have taken this 
approach for many years and have noticed no ill effects on mouse health. To 
accomplish this, a small transverse cut is made to puncture the tail vein allowing blood 
to drip into an eppendorf tube. Blood is collected until the bleeding stops spontaneously, 
which is not life threatening to the mouse. None of these procedures requires prior 
measures to relieve distress. 

V.4.4.2. Biosamples: 

Sera will be obtained by tail vein bleed and stored at -20°C. Spleen, lymph node, 
and bone marrow will be obtained after mouse euthanasia by cervical dislocation. 
These tissues will either be used immediately as a source of immunologic cells and/or 
frozen in liquid nitrogen for subsequent immunohistochemistry studies. 

V.4.4.3. Adjuvants: 

Alum (Aluminum hydroxide) or select Toll-like receptor ligands (e.g. CpG-ODN), will 
be used for enhancing immune responses. The use of these adjuvants historically has 
had no discernible adverse effects on mice at the dosages and frequencies described in 
this proposal. 

V.4.4.4. Monoclonal Antibody CMAbs) Production: 

1. All mAb production currently planned in-house wm be done using in vitro 
methodologies. There are occasions when relatively large quantities of mAb are 
required necessitating the use of an outside vendor to make mAb using in vitro 

USUHS Form 3206 Revised October 2008 
Previous versions are obsolete 

21 



bioreactors. These mAbs will be screened for pathogens prior to use in the 
USUHS animal facility as per IACUC policy 023. 

V.4.4.5. Animal Identification: 

In selected experiments individual mice are specifically identified using metal ear 
tags (purchased from the National Band and Tag Company). Otherwise all animals are 
identified by cage cards. 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: NIA 

V.4.4.8. Tissue Sharing: 

Cells, tissue. and sera are available for sharing when appropriate. 

V.4.5. Study Endpoint: 

Bacterial lethality studies (Experiment: V.1.2.ii)-Mice will be infected i.p with viable 
extracellular bacteria that will be sub-lethal in a wild-type mouse. Changes in blood levels 
of live bacteria over time will be measured by counting colonies on agar plates, and the 
ability of the mice to recover from the infection will be graphed as number of deaths on the 
ordinate versus days after initial infection on the abscissa. The end-point of the study will 
be whether or not the mouse becomes moribund, a condition from which the mice do not 
recover. The moribund status will be defined by any of the following criteria: 1) inability to 
ambulate, 2) inability to eat or drink, 3) hunched posture, and 4) unresponsiveness to 
external stimuli. If any of these signs are present, the mouse will be euthanized by cervical 
dislocation as described in our protocol. 

Mouse immunizations (Experiments: V.1.1-V.1.4)~Mice are immunized one or more 
times wtth either intact bacteria or purified bacterial antigens. At varying periods of time 
after immunlzation, as described in detail above, sera is obtained through tail vein bleeds 
for measurement of antigen-specific lg isotype titers and/or cytokines. When the period of 
the immune response under study is completed, mice are euthanized by cervical 
dislocation. In other studies, mice are similarly immunized, and at select periods of time 
thereafter, are euthanized by cervical dislocation whereupon lymphoid tissue (i.e. spleen 
and lymph nodes) is removed for immunologic analyses. In some studies, na'ive mice are 
euthanized by cervical dislocation and bone marrow cells are obtained for the in vitro 
generation of dendritic cells or macrophages, or as donor cells for bone marrow chimeric 
mice. 

V.4.6. Euthanasia: 

Mice will be euthanized by cervical dislocation. 
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Justificttion for select circumstance to use cervical dislocation instead of C02 
asphyxiation for mouse euthanasia. A major ooncem of using C02 asphyxiation, 
which is not a concern when using cervica l dislocation, is its potential effect on immune 
cell function. My laboratory routinely isolates immune cells from euthani2ed mice for 
further immunologic study in vitro or for adoptive transfer into na'ive mice, and several 
studies indicate a potential fcr immune cell parameters to be altered by prior euthanasia 
With C(h. In an article tlY Howard et al (ref 1) C02 euthanasia was associated wtth 
alterations in in vitro lymphoproliferation and cytotoxic T cell function, not observed after 
cervical dislocation. In an article by Butler et al (ref 2) C02 euthanasia was associated 
with alterations in prostacyclin production, an arachidonic acid metabolite with potential 
direct and indirect immune modulating properties (ref 3). Finally, a study by Pecaut et al 
{ref 4) demonstratea that C02 elJtharulisia can alter circulating cos~ T cell numbers and 
spontaneous blastogenesis of blood and spienic leukocytes. The members of my 
laboratory have had prior experience in the procedure of cervical dislocation, which will 
assure the virtually instantaneous euthanization of the mouse, thus avoiding significant 
distress to the animal. 

1. Howard, H. L., E. McLaughlin-Taylor, and R. L. Hill. 1990. Ttle effect of mouse 
euthanasia technique on subsequent lymphocyte proliferation and cell-mediated 
lympholysis assays. Laboratory Animal Science. 40:519. 

2. Butler, M. M .. S. M. Griffey, F. J. Clubb Jr., L. W. Gerrity, and W. B. Campbell. 
1990. The effect of eutl'lanasia techniQue on vascular arachidonic acid metabolism and 
vascular and intestinal smooth musde contractility. Laboratory Animaf Science 40: 277. 

3. Kumar, V., A. K. Abbas, N. Fausto. 2005. Pathologic Basis of Disease. 7rn 
Edition, Elsevier Saudners. 

4. Pecaut. M. J., A L. Smith, T. A Jones, and D. $ . Gridley. 2000. Modification of 
immunologic ana hematologic variables b method of C02 euthanasia. Comparative 
Medicine. 50: 595. 

V.5. Veterinary Care; 

V.5.1. Husbandry Considerattgns: Except as noted below, routine animal husbandry 
will be provided in accordance with lAM Husbandry SOPs for each species in this 
protocol. 

V.5.1.1. Study Room:l1...(b-)(
6
_
1 ---------------.....J 

V.5. 1.2. Scecial Husbandry Provisions: 

Food Restriction: Yes 

Fluid Restriction: Yes 

V.5.1.3. Exceptions: None 

V.5.2. Veterinary Medical Care: 
V.5.2.1. Routine Veterinary Medlcaf Care: 
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All animals will oo housed in LAM, The USUHS maintains a modern. AAALAC -
accredited, Central Animal Facility of approximately 40,000 square feet. The facility and 
the Universityjs animal care and use program, are managed by the Department of 
Laboratory Animal Medicine (LAM), LAM is directed by a veterinarian who is an 
ACLAM Diplomate and is staffed with two other veterinarians, a graduate of animal 
husbandry, and approximately 30 t~hnlcians, The University is able to provide 
appropriate care for a wide variety of laboratory animal species, from invertebrates to 
lower vertebrates, to higher vertebrates, induding non-human primates and domestic 
livestock, as well as the more commonly used species such as rodents and rabbits." 

V.5.2.2. Emergency Veterinary Medical Care: All emergency; weekend; and holiday 
care is provjded by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V .5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents; balls. 
toys and food enrichment treats for large animal species. 

V.5.3.2. Enrichment Restriction1: None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICA TIONSfTRAINlNG 

Protocol activity or 
procedure (e.g , tail vein Name of person 
iniacrions_, euthanasia) oerformina activltv 

iv (tail vein). ip. and (b)(6) 

s.c. injections, tail 
vein bleeds, lethality 
studies. and 
euthanasia~ 

--~··-

iv (tail vein). ip, and 
s.c. injections, tail 
vein bleeds, lethality 
studies, and 
euthanasia. 

iv (tail vein). ip. and 
s.c. injections tail 
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Qualifications of person Specific training in tflis 
performing activity (e.g., activity or proced1.1re 
research technician, 2 . (e.g., rodent handling 

yrs experience} class 1999) 

Associate Prof 16 2000 rodent handling 
yrs; 1 O yrs doing 
lethality studies. 

- --
Res Assoc 11 yrs; 6 2001 rodent handling 
yrs doing lethality 
studies. 
Will perform 
splenectomy according 
to published protocol 
end prior consultation 
with LAM. Has had 
extensive experience in 
mouse handling and 
invasive procedures. 
Prof 26 yrs 1989 rodent handling 

24 



vein bleeds. and 
euthana$ia. 
iv (tail vein), ip, and (b)(6) Grad Student 3 yr; 2 2008 rodent handling 
s.c. injections, tail yrs doing lethality and investigator 
vein bleeds, lethality studies. training 
studies. and Grad Student 3 yr; 2 2008 rodent handling 
euthanasia. y~ doing lethality and fnvettigator 

studies training 

Grad Student 1 yr; 2011 roaent handling 
will be trained to do and investigator 

lethality studies. training 

VII. BIOHAZAROS/SAFETY: 

Laboratory use of extracellular bacteria, discussed in this protocol, does not pose a 
!ignlficant l'iealtl'I hazard for immunooompetent adults when standard laboratory 
precautions are taken as stated in the catalogue published by the American Type Culture 
CollectJon (ATCC, Manassas, VA). Indeed, most adults are already colonized with these 
bacteria. Hence, these bacteria are considered a -biohazard level 2· requiring investigator 
handling with gloves and a lab coat. Facial masks are to be worn upon entering animal 
rooms. The 'following types of individuals should not be exposed to these bacteria: 1) 
asplenic, 2) immunodeficient 3) children and elderly, 4) cancer, Areas in which these 
bacteria are stored should have appropriate biohazard labels. Mice receiving live, virulent 
extracellular bacteria are to be kept in filter-top cages as a precaution against transmission 
to other mice, although mouse to mouse transmission is uextremely rare". All cages that 
contained intected mite are to eventually be autoclaved before re-use. Dead mice are 
placed in a bag and either autoctaved immediately1 or placed in the LAM oo1d room until 
autoclaved. 

1X. ASSURANCES: 
As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide assurances 
for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the maMer described herein. unless a mOdffication is sr;ecifi~lly afll)rove<i Dy the IACUC prior to its 
implementation. 

B. Dupiicadon of Effort: I have made a reasonable, good faith effort to ensure that this protocol is 
not an unnec.essary ti.iplicetion of previous e>eperiments. 

C. Statlstlcal Assurance: l assure that 1 nave ctl(lsulted Wilh an individual Who Is quaiifiect to 
e\laluate tne statistical design or strategy of this proposal, and that the "minimum number rx animals 
~ded for sc:iert~fic validity ar~ u~d." 
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IX. ASSURANCES: 
As ttie Principal Investigator m this protocol, I acknowledge my responsibilities and provide assuram;es 
for ih! following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in the activities and 
in the manner deseribea Mreii'l, lJnleM a rMdification is specifically approved by the IACUC·prior to its 
implementation. 

B. 0111>lication of Effort: 1 have made a reasonaoie, gooc:I faith effort to ensure tflat this protocol is 
not an unnecessary duplication of previous experiments. 

C. Statistitil AHUtanee: I assure that i have consulted with an individual who Is qualified to 
evaluate the statistical design or strategy of this proposal, and that the "minimum number of animals . 
needed for scientific validity are used.• 

O; Biohazard\Safety: I have taken into consideration and made the proper c-0ordination regarding 
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so 
forth, in the preparation of this protocot . 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures I 
manipulations, 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

r·) I 0:!~6.o,>-
G. Training: The following personnel will attend the next USUHS 

Investigator/Animal User Training Course: 

H. RMpom~ibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, a~d I ass.ure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

I. Painful Procedure(s): 
I am conducting biomedical experiments which may potentially cause more than 

momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL be relieved with the use of anesthetics, analgesics and/or tranquilizers. I have 
considered alternatives to suen procedures: however, using the methods and. sources 

·described in the protocol, I have determined that alternative procedures are not 
available to accomplish the objectives of this proposed experiment. 
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D. Biottazard\Safefy: I have taken into consideration and made the proper coordination regarding 
all applicable rules and reQulations concerning radiation prot~tion, biosafety, recombinant issues, and so 
forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I manipulations I 
observations oesctibed in this protocol are technically competent and have been propef1y trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the proced!A'es J 
manipulations. 

F. Training: I verify that 1 have attended the USUHS Investigator/Animal User 
Training Course. 

Principal Investigator Signature Oate 

G. Training: The following personnel will attend the next USU HS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, anc:I well-being of the researeti anim~us. Aaditionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

Principal Investigator Signature Date 

I. Painful Procedure(s): 
I am conducting biomedical experiments which may potentially cause more than 

momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL be relieved with the use of anesthetics; analgesics and/or tranquilizers. t have 
considered alternatives to such procedures; however. using the methods and sources 
described in the protocol, I have determined that altemative procedures are, not 
available to accomplish the objectives of this proposed experiment. 

Principal Investigator Signature Date x. 
PROTOCOL ABSTRACT: 

A. Animal Protocol Number: ._l<b-)(6_> ____ _. 

B. Animal Protocol Title: Regulation of anti~bacterial immunity {mic.e) 

C. Princioal lnvestigfigr:l(b)<
6

> I M.D.; Professor. Dept of Pathotogy, 
USUHS. 
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D. Ped9rming Otganlzation_: Uniformed Services University of the Health Sciences 
4301 Jones Bridge Road; Bethesda, Maryland 0814 

E. Funding: NIH; USUHS 

F. Oblective and Approach: 

Infections with extraeellular bacteria are a majOr oouree of global morbidity and 
mortality. This fact, and the increasing incidence of antibiotic-resistance of bacterial strains 
make the development of vaccines against these agents of high clinical importance for both 
the civilian and military sectors, Immunity to this class of pathogens is mediated by 
antibody that facilitates the uptake and subsequent killing of bacteria by phagocytic cells 
such as neutrophils and macrophages. In order to optimize the design of effeetive vaccines 
against these agents, it is important to understand the basic immunologic parameters that 
regulate antibody production in vivo in response to immunization or inlection with an intact 
bacterial patht>gen, 

Our laboratory initially conducted extensive studies on the in vivo protein- and 
polysaccharidEFspecific immunoglobulin isotype response to intact Streptococcus 
pneumoniae or vac.cine an~igens derived from S. pneumoniae, using the mouse as a model 
system. Recently, additional extracellular bacterial species have been added to our scope 
of investigation, including Staphylococcus twntu$; Streptococcus agelactiae (Group B 
Streptococcus, GBS), Acinetobacter baumannii, and Neisseria meningitides, groups A and 
C. These extracellular bacteria continue to cause substantial global health problems. We 
currently have two major funding sources (see above) that collectively are integrated to 
explore this general. issue in a c.omolementary fashion. Hence. thesj re.spective projects. 
whieh are conducted in Room~<bl(5l _ n the Department of 
Pathology, are subsumed under this one animal protocol, given that the methodologies 
related to the use of mice are widely overlapping among the projects. 

Areas of study include the role of dendritic cells and macrophages, B and T 
lymphocytes, innate immunity including Toll*like receptors, cytokines, chemokines. T cell 
costimulatory molecules, in the abiUty to elicit humoral immunity to distinct, polysaccttande· 
encapsulated extracellular bacteria, and conjugate vac:cines containing specific capsular 
poiysaccharide derived from these bacteria. Regarding the use of mice. methodologies 
include 1) utilizing ~thymic nude mice as a model of T cel1-.deficiency for immunologic 
studies, 2) immunization of mice with heat*killed intact bacteria or bacterial antigens, by i.p., 
Lv. and s.c. routes; in selected experiments alum or Toll-like receptor (TLR) ligand 
adjuvants are used. 3) tail vein bleeds to obtain sera for measurement of antigen-specific lg 
isotype titers and cytokines by ELISA, and for obtaining circulating immune cells, 4) 
removal of lymphoid tissue for obtaining cells for various in vitn;, immunologic studies and 
for confocal fluorescence microscopy, 5) infection of mice with live extracellular bacteria for 
studies on immunologic protection, 6) use of RAG+ (B cell-deficient+ T cell...c.feficient) mice 
as recipients in immune cell adoptive transfer experiments, and 7) gamma irradiation of 
immune cells, to act as antigen-presenting cells fOr stimulating T cells, and gamma 
Irradiation of mioo for making bone maffOiN chimeras. Heavy use is made of transgenic and 
knockout mice in which, for some, we have established breeding colonies in LAM. As will 
be described, although the extracellular bacteria described In this protocol are human 

USUHS Fonn 3206 - Revised Odober2008 
Prelloua venions are obsolet• 

27 



pathogens, their use experimentally at worst poses minimal health concerns that can easily 
be addressed using routine microbiologic precautions. 

G. Indexing Terms (Descriptors): Animal, bacteria, antibody, polysaccharide, 
mouse, dendritic cell, macrophage, T--cell, B-cell, innate, adaptive, costimulation, Toll~ 
like receptor, oligodeoxynucleotide, vaccine. 
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UNIFORMED SERVICES UNIVERSITY OF TH~ HEALTH SCIENCES 
4301 JONES BRIDGE ROAD 

SETHESOA MARYLANO 20Bl4-41 799 

October 9, 2013 

MEMORANDUM FOR DRJ1-16_n
6

_> _____ __,bEPARTMENT OF PATHOLOGY 

SUBJECT: IA CUC Approval of Protocol -Triennial Review 

The following application was reviewed and approved by ihe Unifonned Serv:cc$ University 
of the Health Sciences (USU HS) Institutional Animal Care and Use Committee (lAC UC) via 
Designated Member Review on October 9, 2013: 

Animal Protocol Title: "Role of MicroRNAs in Mild Traumatic Injury and Posuraumatic Stress 
Disorder: Identification of Biomarkers and Therapeutic Targets in Mice" 

USUHS Protocol Number: ! ._1b_l<5_) ___ ___, 

Expiration Dale: Oc1ober 8, 2016 

Supporting Grant(s) Numbed(o)c6) 

Name of Principal Jnvcstii!ator: Dr JL..(b_x_6> ______ _, 

The USU HS has an Animal Welfare Assurance on file with the Office for Laboratorv Animal 
Welfare (OLA W). National Institutes of Health (NIH). The Assurance Number is 1161<6) · I The 
IACUC approved the above re ferenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review must be 
completed by the anniversary date of the protocol. If work is to be continued past the expiralion 
date, a triennial review must be completed prior to the expiration date in order for work to be 
uninterrupted. Protocol expiration dates may not be extended. and no animal work may be done 
without an approved protocol. AlthOugh the IACUC may send reminders, it is the investigator's 
responsibility to submit an annual review fo rm (Form 3206A) ac least 30 days in advance, or a new 
form 3206 for triennial review at least 60 days in advance of expimtion. 

Prior to placing your first animal order, please contact MAJ l(b)(S) ko schedule a 
pre-protocol planning meetinJ6~6> I This meeting must occur to ensure animal numbers are 
load<d in the CA RT system and LAM cesou~ ltil' milabl< 1• """" T"' needs. 

~ ] Ph.D 

cc: 
Office of Research 

Chair. lnstilutiona\ Animal 
Care and Use Committee 

Doc 71 



USUHS FORM 3206 

ANIMAL STUDY PROPOSAL 

PROTOCOL COVER SHEET 

PROTOCOLNUMBER:,_[6)_{6_> ______ __, 

PROTOCOL T'TLE: Role of MlcroRNAs Jn Mild Traumatic Injury and Posttraumatic 
Stress Disorder: Identification of Biomarkers and Therapeutic Targets in Mice 

GRANT TITLE (if different from above): 

USUHS PROJECT NUM~ER: ._116)_(61 __ ___, 

FUNDING AGENCY: DMRDP 

EARLIEST ANTICIPATED FUNDING START DATE: 

PRINCIPAL INVESTIGATOR: !16H6) 

PAT ~1<5~)(5~)~~~~~ 
Department Office/Lab Telephone 

7/1.sj;.,,;1 
Date 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific 
review aru:Lis_consJs1enLwJtb_ ood scientific research practice. 

(b)( ) 

Chair f6 """'":)(=6) ===-' :t-[rJ~ 
Telephone Date Title 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive. and the stati~tieal design is appropriate for the intent of the 
study. 
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fAT Date 7ftJ./lo/1 _....,...,,__..i...:--1, ' tatiStiCian Signatu1e 
rypeci Namer;;r"""><""5> ______ _ Department 

ATIENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
tile Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
relieved by anesthetics or analgesics. 
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ANIMAL PROTOCOL NUMBER: l(b)(a) 

PRiNCIPAL INVESTIGATOR: .... r6>"""'<5)-----.__-

.AN1MA.L_P80TOCOL TITLE~ Role of MicroANAs in Mild Traumatie Injury and 
Posttraumatic Stress Disorder: Identification o1 Biomarkers and Therapeutic Targets in 
Mloe 

GRANT TITl..E (If different from above): 

USUHS PROJECT NUMl;JER: 

CQ-INVESTIGATOR<S}: 
l(b)(5) I PhD 

1(6)(6) I .MS, 
1<sx5> I MS 
;;;p;:;;>l5>;:::===::::;1-M-S-. __, 

((6)(6) I MS 
.:;:;::;;;:;::::====::!. 

..::l(b;;;;l<;::ai ===~' PhD 
l(o><5l lyl PhD 
;;:;;;;:::::::::::::::::::::::::::::::::::~ 
l{b)(6) I PhD 
';;;:::;:;;;;:=:::::;-----' 
l(b)(B) I PhD 

TECHNICIANS($): TBD 

I. NON-TECHNICAL SYNOPSIS: Traumatic brain injury (TBI) is described as an insult 
to the head by a violent force. Mild traumatic brain injurv (mTBI) is one of the most 
common types of injury sustained in the war zones. mTBI Is also called signature injury 
of war In Iraq ana Afghanistan. Recent advancement In the knowledge ot mTBI has 
shed light on the role of immune and repair response generated by the body in 
response to mTBI. Dysregulated inflammatory responses following mTBI are 
increasingly being discovered at the core of the mTBI induced brain injury resulting in 
the loss of cognitive skills and neurobehavioral disorders. mTBI injury usually go 
unnoticed due to lack o1 any outward sign of injury. There are no diagnostic mark~rs for 
identifying mTBI injury at early stages. In the proposed study we will sought to 
determine early serum based biomarkers to detect mTBI. In this regard we will evaluate 
the expression pattern of microRNAs (miANA) in the blood of the animals that sustain 
mTBI. MiRNA are a class of small oligonucleotide molecules that have come to be 
known as key regulators of gene expression and thereby cellular processes. Their 
presence in blood has been reported after organ injury such as of liver and muscle and 
in cancer such as of colon and pancreas. mTBI injury will be induced by an free falling 
impactor (333gm) from a height of 2 cm. This has been demonstrated to induce a 
clinically relevant m TBI injury that results in cognitive and neurobehavioral deficits. 
MiRNA expression will be evaluated in the blood and the brain of these animals and 
their expression and significantly modulated miANAs will be determined. These 
significantly modulated miRNA will then be restored to their normal levels either by 
using a mimic (a molecule similar to the mi RNA made by the body) or an antagonist (a 
molecule that will stop the miRNA made by the body) . Restoration to normal levels of 
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miRNA will then be correlated with improvement in the cognitive and neurobehavioral 
deficits. 

II. BACKGROUND: 

11.1. Background: 

Traumatic Brain Injury {TBI) is defined as a blow or jolt to the head or a 
penetrating head injury resulting in the disruption of brain function. Mild TBI (mTBI) is 
generally referred to as the minor injury caused to the head. This is defined as 
alterations or loss of consciousness lasting 30min to 24hr post injury (Vasterling et al 
2009, www.dvbic.org). Mild TBI is much more difficult to define and diagnose and early 
identification usually involves a history of direct trauma to the head and brief loss of 
consciousness. Clinical symptoms of mTBI include headache, dizziness, inability to 
concentrate, loss of memory and other neuropsychiatric and cognitive complaints. Most 
of the symptoms associated with mTBI resolve within days or weeks of injury with 
substantial recovery in most cases. However approximately 10-20% of patients reported 
continued problems and 44-50% experienced three or more symptoms in a year post 
injury (Bigler 2008, Wood 2004, Vasterling et al 2009). These kind of reoccurring 
symptoms are termed as persistent post concussive syndrome (Bigler 2008). 

mTBI often goes undiagnosed because of the lack of visible wound and lack of 
diagnostic markers (Belanger et al 2005, 2007 and 2009). Traditionally, neuroimaging 
techniques i.e. computed tomography (CT) And magnetic resonance imaging (MRI) is 
used to diagnose the brain injury. In case of mTBI these two diagnostic tools have 
limitations due to sensitivity of detection of minor brain tissue alterations (Le et al 2009). 
Development of minimally invasive assays for biomarkers capable of detecting and 
managing mTBI is urgently needed to reduce high morbidity associated with it. 

MicroRNAs (miRNAs) are a class of small (19-28nt) endogenous RNA molecules 
that regulate gene expression at post transcriptional level either by translational 
repression. MicroRNA binds to the complementary sequences in the mRNA and blocks 
its translation and accelerates mRNA decay (Brown et al 2009). MiRNAs play important 
role in development and functioning of the brain. More than 1000 miRNA have been 
identified in the brain and have been shown to dttferential expressed in brain during the 
developmental stages (Forero et al 2010, Shao et al 2010, Sempre et al 2004, Nelson 
et al 2006, Krichevsky et al 2003, Kosik and Krichevsky 2005, Liu et al 2011). MiRNA 
have also been shown to regulate memory and learning by modulating dendrite spine 
formations and synaptic plasticity (Bredy et al 2011, Konopka et al 2010, 2011, Edbauer 
et al 201 O, Rajasetjupathy et al 2009). Addiction to drug such as cocaine and its effect 
on cognition, memory and learning has also been suggested to be mediated by miRNAs 
and miRNAs have also been shown to regulate learning and memory associated genes 
(Chandrasekar and Dreyer et al 2011, Gao et al 2010, Spadaro et al 2012). 

Biomarker is "a measurable substance in an organism whose presence is indicative 
of some phenomenon such as disease, infection, or environmental exposure" .. MiRNAs 
have emerged as novel diagnostic biomarkers for various diseases. MiRNA changes in 
the serum have been suggested as a potential marker of disease and injury (Mayr et al 
2013, Allegra et al 2012, Wahid et al 2010). MiRNA modulations in patients with TBI 
have also been reported (Redell et al 2009). Earlier we have reported that miRNA 
modulation occurs in the serum of rats exposed to repetitive blasts (Balakathiresan et al 
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2012). Serum miRNA expressions can also reflect the miRNA modulation that may 
occur in the CNS following TBI, which was indicated by the simultaneous up-regulation 
of Let-7i in the blood and brain of rats with TBI (Balakathiresan et al 2012). 

As mentioned earlier, mTBI is under diagnosed at present; therefore a non invasive 
test for biomarker of mTBI is needed for the diagnosis of mTBI. The presence of specific 
miRNAs in blood following organ injury including brain facilitates the use of miRNAs a 
biomarker of mTBI. Simple and non invasive tests such as blood test will prove 
extremely useful in diagnosis of mTBI. We hypothesize that upon induction of mTBI, 
miRNAs will be modulated which result in inflammatory response in the brain. These 
miRNAs will cross the BBB to enter the blood and hence can be detected in blood 
plasma and utilized as biomarkers for mTBI. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: Medline, Defense Technical Information Center 
(DTIC), DoD Biomedical Research Database (BRO) and Research Portfolio Online 
Reporting Tools (RePORT). 

11.2.2. Date of Search: June 28-July1 2013 

11.2.3. Period of Search: 1980 - current 

11.2.4. Key Words and Search Strategy: Traumatic brain injury (TBI), microRNA, 
biomarkers, Post traumatic stress disorders (PTSD), War and TBI, Operation Enduring 
Freedom (OEF), Operation Iraqi Freedom (OIF). miRNA and brain injury, miRNA and 
blood, miRNA and plasma, circulating miANA and brain injury, brain injury and blood 
brain barrier (BBB). brain and miRNA antagomirs, brain and miRNA mimics, miANA as 
biomarkers etc. 

11.2.5. Results of Search: No duplication of the proposed study was found in the 
above mentioned database. Below is the summary of the search results: 

1.) Incidence of TBI has increased significantly in the current conflicts of OEF and 
OIF over the previous wars. Untill 01 of 2013 the total incidence of TBI in US 
troops is 273, 859. 

2.) mTBI is a signature injury of OEF and OIF. 

3.) There is no reliable diagnostic test available to detect mTBI at early stages 
though some putative protein based biomarkers such as 51008, UCH-L 1, GFAP 
and its breakdown products and neuronal elonases etc have been described but 
there use in diagnosing the mTBI and its prognosis is unknown. 

4.) Circulating miRNAs have been describes as potential biomarkers in various 
organ injury and cancers. 

5.) BBB is breached after mTBI and brain specific miRNAs have been detected in 
the circulation when an injury results in BBB breach. 

6.) miRNA expression pattern signature may be used as a potential biomarkers after 
an injury. 

7.) RePORT database search with key words "traumatic brain injury" return 1310 
results. further filtering using key word "biomarker" returned 51 results. 
Combination of TBI and microRNA return 6 results. Careful examination of these 
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results revealed funded projects in microRNA and brain function but no 
duplication of proposed research effort was found. 

111. OBJECTIVE\HYPOTHESIS: 

The central hypothesis of the proposed study is that miRNA profile of the serum will 
change after mTBI. This altered pattern of serum miRNAs may then be used as 
diagnostic marker of mTBI injury. Some of the identified miRNA can also be used as 
therapeutic molecules for treating mTBI. The overall objective of the proposed study is 
to establish miRNA as diagnostic markers for mTBI and to develop miANAs as 
therapeutic moleculaes for treating mTBI. 

The first objective is to evaluate the expression profile of miRNAs in the blood of 
mouse following an mTBI. Evidence in the literature suggests that miRNA modulation 
occur upon injury to brain either caused by stroke or by traumatic events (Liu et al 2009, 
Lei et al 2009). Our working hypothesis is that, a mild injury to the brain is going to 
cause a focused as well as diffused injury which will cause a modulation of expression 
of miRNAs which then results in an inflammatory response throughout the brain. Mild 
TBI also cause disruption of BBB which would allow the miRNAs of brain to enter the 
blood stream. These circulating miRNAs in blood plasma can be used as a biomarker 
for mTBI. 

From previous studies on mTBI, we know that inflammation plays a major role in the 
pathophysiology of mTBI. Gene involved in inflammatory response would be modulated 
and along with them the miRNAs which regulate them would also be modulated. We 
expect to find significant modulation of miRNAs in brain which are involved in regulating 
the inflammatory and neuronal repair and regeneration pathways. 

Reconstitution of aberrantly expressed miRNAs in diseased conditions using 
antagomirs and expressing miRNA through plasmid vector "mimic" has been 
successfully shown in many studies as discussed before. The working hypothesis here 
is that due to mTBI, mi RNA expression is altered which results in a persistent 
inflammation and reduced neuronal repair and development. Restoring the altered 
levels of miRNAs expression may be important in reducing the inflammation in the brain 
and would enhance repair process in damaged neurons. In this study, we will design 
specific antagomirs and plasmid vector expressing pre-miRNAs for the miRNA over 
expressed and repressed during mTBI. 

IV. MILITARY RELEVANCE: 

Traumatic brain injury (TBI) is a significant concern amongst military personnel who 
are currently or were previously deployed in Iraq and/or Afghanistan. Among the causes 
of war.related TBI are exposures to blast, gunshot and shrapnel wounds, falls and 
motor vehicle accidents. Mild TBI (mTBI) that is also commonly referred to as 
concussions occurs when the head is hit or shaken leaving a person dazed, confused or 
with loss of consciousness for a short period of time. About 22 % of the wounded 
soldiers in the current conflicts have sustained TBI and approximately 43,000 and 
39,000 cases of TBI and PTSD have been recorded by military health system (MHS) in 
the year 2008. The cost associated with the diagnosis and treatment of TB! and 
posttraumatic stress disorder (PTSD) is huge and about $2 billion was spent in the FY 
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201 O on the diagnosis, treatment and care recent veterans with TBI and PTSD (A CBO 
Study: The Veterans Health Adm;nistration's Treatment of PTSD and Traumatic Brain 
Injury Among Recent Combat Veterans, February 2012)). 

Symptoms of mild TBI can appear in days, weeks to months post injury. Clinical 
symptoms of mTBI are wide ranging and include sleep disturbances, fatigue, trouble In 
decisions making, headaches, depression, memory loss, short attention span, dlfficulty 
organizing and completing the tasks, irritabilrty, anger, impulsive behavior and sensitivity 
to lights and sound. These conditions not only degrade the quality of life among 
veterans it also have detrimental effect on their family social and mental health. 
Morbidity due to mTBI also affects a soldiers potential for redeployment and the ever 
growing numbers of TBl may also affect the military operational readiness. 

Mild TBI often goes undiagnosed because of the lack of visible wound and lack of 
diagnostic markers. Traditionally, neuroimaging techniques have been used for the 
diagnosis of TBI which have several limitations for the detection of mTBI. MicroRNAs 
have been successfully shown as circulating biomarkers in various neurodegenerative 
disease models and tissue injury models. Diagnosis of mTBI using miRNAs as 
biomarker will be an easy, non invasive and inexpensive method. Upon successful 
evaluation of miRNAs in this study, it can be easily tested in mTBI patients and 
integrated in military for diagnosis in a significantly short period of time. 

The experimental models to create mTBI injury in mice that will be employed in the 
proposed study have been well characterized. This model replicates all the 
pathophysiological changes such as cerebral edema and decreased blood pressure that 
is seen in the soldiers sustaining mTBI injury. Secondary neuronal damage such as 
diffuse axonal injury and excitotoxicity and inflammation that is implicated in the brain 
tissue damage following mTBI is also reproduced in this model. Cognitive and 
neurobehavioral deficits associated with mTBI are also reproduced in this model. 
Further, we are using a closed head injury model which also replicates the kind of injury 
which is often associated the soldiers and war veterans who experience mTBI. 

The proposed study has significant military relevance and importance as there is no 
specific biomarker for diagnosis and effective treatment available for mTBI and PTSD. 
There is a greater prevalence of PTSD in veterans who had suffered mTBI. Both the 
conditions contribute towards the morbidity and loss of quality life in veterans returning 
from the war zones and also have significant financial burden on the military in terms of 
diagnosis, treatment and care of veterans. Social and mental stress on veterans and 
their families is far greater than the civilian population. This project therefore addresses 
the task area "diagnosis and treatment of brain injury" where we will evaluate the 
capability of miRNAs as biomarkers for mTBI and treatment of mTBI by targeting 
aberrantly expressing miRNAs during mTBI. We have assembled a team of 
experienced investigators with significant expertise and capabilities, as documented in 
their biographical sketches, to investigate miRNA as biomarker for mTBI and to 
evaluate the neuroprotection by targeting modulated miRNAs in brain upon mTBI. The 
environment, resources and various centers involved in TBI and PTSD research at 
USUHS offer an added advantage and will enhance the chances of success. 

V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 
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V.1.1. Experiment 1: To evaluate the mild TBI in mouse induced with the injury using a 
free falling weight that is restricted to stop at the depth of 4-5 mm from the point of 
impact. 

From our previous experiments, it was observed that mild injury with 333g, weight 
and falling height of 2 cm and 3cm result in high percentage of mortality {Fig 1A). 
Resulting injury causes mild injury with acute neurological and behavioral alterations at 
day 1 (Fig 1 B). This may be due to compression of brain in between the hard surface of 
the falling rod and solid plastic base. Therefore, in the proposed experiment we will 
restrict the falling weight to stop at the depth of 4-5mm from the point of contact (Fig 2). 
In a preliminary experiment, the mortality associated with the injury was reduced to 20% 
in 333g/3cm weight injury. Further contusion on the brain that result in a mild injury may 
not cause a full skin depth cut wound, therefore in one subset of animals injury will be 
induced on the head over the left parietal lobe area without the scalp incision. For this 
subset, skin over the head will be stretched to minimize the slipping of falling rod. 
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Groups mTBI by # iteration/ Total Pain 
weight Drop group/ animals category 
method method 

No Injury with scalp incision 6 3 18 E 
·····-· 

Injury (333g/3cm) with scalp 6 3 18 E 
incision 

No Injury without scalp incision 6 3 18 c 
Injury {333g/3cm) without scalp 6 3 18 E 
incision 

Total animals required 72 
.. -

Total animals required [6 animals/group x 4 groups x 3 Iterations/ group/ method 
=72 mice] 

Anticipated resultS/problems and alternative aoproach: Based on our previous 
experience we expect that the described model (333g/3cm) will produce a mild 
traumatic brain injury while significantly reducing the associated mortality that is seen if 
weight is dropped unrestricted under gravity. If, mTBI is not reproduced as per the 
described parameters we will increase the height of the falling weight by 0.5 cm until we 
achieve the desired parameters of mTBL The above table includes the number of mice 
(iteration #) that may be needed for the standardization of injury. This pilot study will 
also predict the percent survival of the mice after receiving the injury. 

V.1.2. Experiment 2: To evaluate the miRNA expression profile In mouse blood 
and brain upon mTBI using 333g weight falling from a height of 3cm. 

In this experiment animals will be subjected to single mTBI as described above in 
experiment 1 (please also see Section V.4.3.2 page 24). miRNA expression profile in 
the brains and blood of mice subiected to mTBI will be evaluated at different time points 
as described below. A correlation will be done to identify blood miRNA that are 
common, or not, with the miRNA expressed in the brain. Target prediction to predict the 
genes that may be modulated by the miRNAs will also be done using Target Scan 
software. 

NOTE: From our previous experiments observation, 333g weight and 3cm height should 
reproduce the mild TBI. This combination of weight and height will be used in this and 
rest of the experiments. However, restricted fall may change the outcome. In that case 
the parameters determined in the experiments 1 will be used to create injury in this and 
the rest of the experiments. 

Test and controls: Following test and control groups will be taken: 1.) No injury-naive 
control; 2.) mTBl-3hr; 3.) mTBl·1day; 4.) mTBl-4day; 5.) mTBl-7day; mTBI will be 
induced using weight drop method as described in section V4.3.2. Sham controls (with 
only the scalp incision) for each of the above time point will also be taken. Mice will be 
euthanized after the indicated time point post injury and blood and brain samples will be 
collected as described below. 
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Groups No. of # Total Pain 
Animals iteration/group animals Category 

No injury control-naive 6 2 12 c 
mTBl-3hr 6 2 12 E 

mTBl-Day 1 6 2 12 E 

mTBl-Day4 6 2 12 E 

mTBl-Day 7 6 2 12 E 

.·::::: Day 14 6 2 12 E 

mTBl-Day30 6 2 12 E 

Sham (3hr, Day 1, Day 4, 6 each group 1 36 E 
Day 7, Day 14 and Day 
30) 

Total animals required 48 2 (except 120 
sham) 

Total animas required [{6 animals /group x 7 groups x 2 iterations/group = 84 
mice} + {6 animals/group x 6 groups x 1 iterations= 36mice} = 120 mice] 

Sample collection: Animals will be deeply anesthetized using isoflurane and blood will 
be collected from animals by cardiac puncture (terminal procedure) into the collection 
vials (MiniCollect Serum Clot Activator Tubes with Gel Separator (0.8 ml), Greiner Bio
One) and serum will be separated by incubating at RT for 40 min followed by 
centrifugation at 3000g for 1 Omin. Serum will then be stored at -20°C. Five out of 1 o 
animals will be perfused with 4% neutral buffered formalin and brains will be collected 
for histological evaluation. Other five animals will be euthanized without perfusion and 
brains will be collected and freeze immediately for RNA isolation. Other tissues viz 
spleen and liver will also be collected from all the animals and banked for use if need 
arises. 

miRNA analysis: cDNA synthesis for the miANA will be done using stem-loop multiplex 
mi ANA primer pool (ABI Inc). Analysis of mi ANA expression profile will be done using 
Taqman low density array cards (ABI Inc) in a 384 well format, as per manufacturer's 
protocol. Total of 10 biological replicates will be used for each time point after the injury 
for the analysis. The results will be analyzed using Statminer software (lntegromics, Inc) 
for determining the statistically significant miRNAs modulated upon mTBI. We will use 
Benjamin Hochberg algorithm for adjusting the false discovery rate (less than 5%) to 
reduce the number of false positive results. 

Anticipated results/problems and solution: From the literature we know that miRNAs are 
candidate biomarkers in various tissue injury models in blood plasma. Since in mTBI 
blood brain barrier is compromised, we expect to find miRNAs in plasma which have 
entered the circulation from the brain. The miRNAs expressed exclusively in animals 
with mTBI and not in the plasma of animals with no injury would be the candidates for 
biomarkers of mTBI. Further miRNA expression profile of the brain will give us insights 
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of the dysregulation of miRNA during mTBI. This will enable us to elucidate the role of 
these miRNAs in various regulatory pathways important with regard to mTBI. 

V.1.3. Experiment 3: To reconstitute the expression of specific miRNAs In mouse 
brain with mTBI by deploying miRNA Inhibitors and/or mimics. 

Reconstitution of aberrantly expressed miRNAs in diseased conditions using 
antagomirs and expressing miRNA through plasmid vector "mimic" has been 
successfully shown in many studies (Thum et al 2008, Krutzfeldt et al 2005). The 
working hypothesis here is that due to mTBI, miRNA expression is altered which results 
in a persistent inflammation and reduced neuronal repair and development Restoring 
the altered levels of miRNAs expression may be important in reducing the inflammation 
in the braln and would enhance repair process in damaged neurons. In this study, we 
will design specific antagomirs and plasmid vector expressing pre-miANAs for the 
miRNA over expressed and repressed during mTBI. 

Design and synthesis of antaqomirs and mimics: From the Experiment#2, we will 
get the data for specific miRNAs which gets modulated upon induction of mTBI. We will 
custom design locked nucleic acid (LNA) antagomirs (Exiqon Inc} specific for these 
miRNAs which are upregulated. LNA oligonucleotides contain one or more of the 2·-0, 
4'-C-methylene-~-D-ribofuranosyl nucleosides which results in a conformational lock of 
the molecule into a near perfect N~type conformation. LNA modified antagomirs are 
more stable, less toxic and highly specific. MicroRNA mimics will be ordered for specific 
miRNAs in the form of precursor molecules (Pre-miR™ miRNA Precursor Molecule, 
Ambion Inc). 

Treatment with antagomlrs and/ or mimics: Animals will be treated with antagomirs 
or mimics following the mild TBI (as determined in experiment #2) via intravenous 
injections in the tail vein. LNA antagomirs will be dissolved in Phosphate buffer saline 
(PBS) buffer and would be administered at a dose of 80mg/kg of body weight (Krutzfeldt 
et al, 2005). MicroRNA mimics in the form of precursor molecules will be administered 
at a dose of 50ug/mice in PBS buffer via tail vein injections (Takeshita et al 2009). This 
treatment will be repeated after 24 and 48hrs post injury. 

Following parameters will be evaluated; 

(A) Determine the delivery of the ml RNA antaqomir or mimic: Cy3 labeled LNA 
antagomirs and/or mimics will be administered intravenously in a separate group of 
mice to verify the delivery of antagomirs and mimics to brain post mTBI. Brain sections 
from these mice witl be studied using a laser scanning microscope to detect the 
localization of cy3. Mice will be evaluated every day for 3 days for localization of cy3 
signal. 

Group 

Cy3 labeled LNA antagomir and mimic 
with no injury 

Cy3 labeled LNA antagomir or n:iimic with 
injury 

Total animals required 
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Total of animals required [18 animals /group x 2 groups= 36 mice] 

(B) Effect of miRNA antagomir or mimics treatment on cognitive and neurological 
dysfunctions following mTBI: 

Animals will be treated as described above. Following groups will be taken: 

Groups #of Animals # of Total Pain 
iterations/ animals Category 
group/ 
function 

Saline control with 6 3 18 E 
Sham (without injury) 

Saline control with 6 3 18 E 
injury 

Antagomirs I mimics 6 3 18 E 
control with sham 
(without injury) 

Treatment with 24 (n=6 for 3 72 E 
antagomirs and/or each of the 4 
m1m1cs following miRNA target 
mTBL We anticipate groups) 
selecting 4 mi RNA 
targets. Represents 
4 groups 

Total Animals 42 3 126 

Number of animals required-

[6 animals/group x 8 groups x 3iterations/group=144 mice]. 

Evaluation of neuro-behavioral deficits: On day 1 post injury three different tasks will 
be evaluated. Animals will be first evaluated for NSS-r in the morning followed by 
evaluation of OFL and then ASA in the afternoon. On day 14, only OFL and ASA test 
will be sequentially done in the afternoon 

The above three tests and time points were selected based on our experience with 
this model. However, it may turn out that as the experiments progress we may have to 
do specific test for memory, depression or motor activity. Therefore, we have added the 
Barnes Maze Test, the Morris Water Maze test, Forced Swimming Test, and the 
Rotarod test, and the under section V4. In case we decide that a specific test is needed, 
animals under those experiments will undertake only that particular test in addition to 
NSS-r. 

(C) Effect of miRNA antagomir and mimic treatment on the biochemical and 
histological changes in the brain. This experiment will be undertaken only with the 

USU HS Form 3206 - Revised October 2008 
Previous versions are obsolete 

13 



most effective miRNA antagomir or mimic as determined from the experiment in part B. 
Animals will treated with the miRNA antagomir or mimic will be euthanized at 3hr, Day 
1, 4, and 7 after the last treatment with antagomirs or/mimics as described above. 
Brains will be isolated from one group of animals and immediately stored at -aaoc tor 
biochemical parameter analysis. Another group of animals will be perfused with the 4% 
formaldehyde solution and brains will be collected for histological studies. Serial sagittal 
sections of the 1 mm thickness will be cut and placed on slides from all parts of the 
brain. 

Groups # of #of animals # of Total Pain 
animals for for iterations/ animals Category 
biochemical his to log icat group/ 
parameters parameters parameter 

Injury + Treatment 24 24 2 96 E 
with antagomirs and/or 

(n=6/each (n=6/each 
mimics following mTBl time point) time point) (For histological and 
biochemical parameter 
analysis) 

Treatment with 24 24 2 96 c 
antagomir or mimic 

(n=6/each (n=6/each without injury 
time point) time point) 

Total animals required 192 

Number of animals required- [24 animals/group x 2 groups x 2 iterations/group ;;; 
240 mice] 

V.2. Data Analysis and Statistics: The statistical framework for designing 
experiment and estimating the sample size considers the magnitude of the effect in the 
control group the "additional effect" (over and above the control effect) expected in the 
treatment group, statistical power to detect this desired difference between the 
treatment and control, and the alpha level. The laboratory and clinical experiments will 
be designed with a statistical power of at least 80%. The alpha level is traditionally set 
at 5%. To observe a treatment effect of 60% with 80% power and 5% alpha level a 
sample size of 6 mice per group would be necessary and therefore 6 mice per group will 
be taken in all the experiments. All qualitative variables will be compared between 
treatment and control groups using Fisher's exact test. Since several variables will be 
measured in each experiment, analyses of all variables at 5% alpha level will result in 
inflation of P-value. This inflated P-value may increase the probability of false positive 
result Therefore to maintain the experiment wise alpha level of 5% and to control for 
multiple comparisons in the experiment, we will adjust the P- values using statistical 
procedures of Holm 1979 and Hochberg 1988. This will rule out any false positive 
results. USUHS has a Biostatistics Consulting Center (BCC) that provides help with the 
statistical and graphical analysis of the data. sec provides advice at all stages of the 
research process from study design to presentation of results. BCC will be extensively 
consulted while analyzing the data and its presentation. 
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V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal A1termat1ves Coosi<!ered: Due to ttie complex nature of the 
traumatic brain injury and especially in mTBI where there are no outward sign of trauma 
there are no non-animal alternatives to the experiments involving TBI experiments. 
Further in the proposed study biomarkers in the circulating blood post mTBI will be 
evaluated which will require use of animal model and there are no non-animal 
alternative to this study. 

v .3.2. Animal Model and Species Justtfication: Several animal models such as mouse 
and rat have been described for studying T61 injury and effect of therapeutic drugs in 
T91. We have taken 10-12 week old (weighing 29 gm), male C57BlJ6 mice (Jackson 
Labs) for the proposed study, C57BJJg mouse model have been well characterized for 
creating mTBI (Flierl et al 2009). Male mice are preferred as progesterone has been 
shown to have protective effect on TBI ln humans (Beauchamp et. al., 2008). Further, 
other mouse species will require re characterization of the TBI model as the parameters 
such as weight and the height from which it is dropped will change with ttie species. 
Therefore. we have chosen male CS7BIJg mouse for the proposed study. 

v ,3,3, Laboratory Animals 

V.3.3.1. Genus & Species: 

V.3.3.2. Strain/Stock: 

V.3.3.3. SOurceNendor: 

V.3.3.4. ~: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. Soecial Considerations: 
No special considerations are 
needed. 

S!lecies#1 

Mouse 

C57BU6 

1(6)(4) 

10-12 week 

28gm 

Mate 

V.'3.4. Nymber of Animals Required (by Specie$): 546 

V.3.5. Rtflne_mant, Aedu_ction. Replacement (3 Rs): 
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V.3.5.1. Refinement: The free fall weight drop model originally described in Flierl et.al 
2009 caused significant mortality in our hands. Therefore, we will modify the free fall in 
such a way that the falling weight stops after impacting the brain (please see figure 2). 
This will help in reducing the compression of brain tissue between the tamng weight and 
the solid surtace of the platform on which animals are placed, We expect that such 
refinement will result in significant reduction in ttie mortality. Further if any animal show 
symptom of sever disease such as loss of consciousness for prolonged time (>30min)1 

NSS score of >5 and paralysis, it will be removed from the study and will be humanely 
eutnanized. Animals wm be anesthetized before performing any brain injury. 

We have ctellD-erated use of rat model in the: proposed study but mouse model 
provided us with greater advantages. Since mouse is much smaller than ttie rat 
handling and induction of mTBI will be faster and far easier In this model. Further the 
miRNA work relating to use of antagomirs and mimics has been extensively carried out 
and validated in-vivo in the mouse mooel and only a few study has shown this approach 
in rat Consideration was given to the number of known miANA in mouse and their 
similarity with the known human miRNAs. As listed in the microANA resource database 
(www.mirbase.org) number of Known mouse micmRNAs (579) rs much higher than in 
the rats (325). The number of known human microRNAs is 721. Several microRNAs 
that are known in both human and mouse are not discovered in the rat yet. Therefore, 
we belie-ve the advantages of using mouse in the proposed studies outweighed the use 
of rat model. 

V.3.S.2. Reduction: The number of animals to be used is the minimum number of 
animals needed to achieve scientifieany sound eonelusions for the experimental 
objectives. In order to reduce the number of animals in case the defined parameters do 
not produce the desired injury, we will perform a small pilot study upfront to establish 
the induction of desired mTBI using the weight drop method. This will significantly 
reduce the number of animals that otherwise may be needed for successful completion 
of this study. 
V.3.S.3. Replacement: Due to the nature of the study, in-vitro and/or computer 
modeling systems are not available. A whole live animal model is necessary to study 
and possibly identify specific biomark.ers after TBI. 

V.4. Technical Methods: 

Procedure tor induction of mTSI by weight drop method: Please refer to section 
V4.3.2. 

Neurological Severity Seals Revised (NSS-R) 1<
5
><
5

> !Laboratory Version. The 
Neurological Severity Scale - Revised (NSS-R) is currently being used to characterize 
traumatic brain injury in rats. Using this assessment will allow for comparisons both 
between multiple behavioral tests as well as behavioral comparisons between strains. 

The Neurological Severity Score (NSS) is a battery of motor and reflex tests used to 
assess the extent of t>rain injury in experimental rodents (Shohami et al., 1995; Hamm, 
2001: Mahmood et al., 2001). The tests assess reflex suppression, general movement; 
and postural adjustments in response to a challenge. The NSS includes observations 
of behaviors and penormanee measures. The Revised Neurological Severity Scale 
(NSS-R) is a specific1 continuous sequence of behavioral tests and observations. The 
NSS-R is based on several previous reports but modified to increase standardization. 
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NSS-R tasks 2, 3, and 1 Oare based on the methods of Shohami et al. (1995); tasks 1, 
3, 6, 8, and 10 are based on the methods of Mahmood et al. (2001); tasks 6 and 10 are 
based on methods described by Hamm (2001); task 4 is based on the methods of Marti 
et al. (2005); tasks 7 and 9 are new. The testing ls conducted using two empty "guinea 
pig" polycarbonate cages (46 cm x 36 cm x 20 cm) with no bedding or lid. 

Scoring: 

In the previous version of the NSS, behavior was scored in a binary fashion with the 
absence of behavior assigned one point; higher total scores indicated a greater extent 
of injury. The Shohami system allowed for a total of 24 points and the Mahmood 
system allowed for a total of 14 points. By contrast, a three-point Likert scale is used in 
the NSS-R to increase sensitivity, in which a normal, healthy response is assigned a "O," 
a partial or compromised response is assigned a "1," and the absence of a response is 
assigned a "2." Therefore, the NSS-R has a scoring range of 0-30, which is designed to 
increase sensitivity. 

In the NSS-R, the mice are scored as follows: 

a-presence of reflex or response that is comparable to a normal mouse 

1-reflex or response is present but impaired/attenuated 

2-absence of reflex or response 

Higher scores will reflect greater extent of injury, with the highest score possible being 
the total number of measures multiplied by three. Following the methods of Shohami et 
al., two terms will be used to describe the clinical status of the mice: 

1. NSS - the total score for performance on a particular test 

2. ti NSS - the difference between the total score immediately post-injury and 
any subsequent scores. 

NSS-R Tests: 

1. General balance test 

The mouse's ability to walk on a balance beam is assessed. The balance beam is 
placed lengthwise at above Cage A by placing the ends of the balance beam on top of 
two pairs of stacked cages. The mouse is gently placed onto the balance beam and 
observed. The mouse's movement on the balance beam is given a score of 0, 1, or 2. 
A score of O is given if the mouse maintains balance and walks successfully on the 
beam. A score of 1 is recorded if the mouse balances on the beam but does not walk 
along the beam. A score of 2 is given if the mouse does not balance or walk on the 
beam at all. The task is repeated three times and the score is based on the "best" 
performance. The second test begins immediately after test #1. 

2. Landing test 

In this test, the mouse lands on a flat surface after being dropped from the cage height 
where the balance beam is placed as described above, and the reflexes of its paws and 
body posture are observed. The landing test occurs immediately following the general 
balance test, as the mouse lands on the cage floor. The mouse's landing is observed 
and rated. A score of 0 is given if the mouse shows normal reflexes when landing. A 
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score of 1 is given if the mouse shows partial reflexes that are compromised in some 
way. A score of 2 is given if the mouse does not use landing reflexes when falling off 
the balance beam, and instead falls flatly onto the cage floor. 

3. Tail ra;se test 

Immediately following the landing test, the mouse will be gently lifted by the base of the 
tail (dorsal side up). When the mouse is lifted, the reflexes of its forelimbs and hind 
limbs will be observed and scored for the proper flexion and extension. A score of o 
indicates normal reflexes, a score of 1 indicates partial reflexes, and a score of 2 
indicates that no reflexes were observed (e.g., the mouse was limp when lifted by the 
tail). After the tail raise test, the mouse is brought to the second cage, Cage B, to 
conduct the drag test. 

4. Drag test 

While continuing to hold the mouse by the base of the tail, the mouse is placed on the 
floor of Cage B, with the mouse facing and close to one of the shorter walls. Allowing 
only the mouse's forepaws to remain on the floor of the cage, the mouse is gently 
dragged backwards at a constant speed (about 20 cm/sec) across the length of the 
cage. The mouse's behavior while being dragged is observed. A score of 0 indicates 
extension of forepaws and effort to slow down the drag or to pull away from the drag. A 
score of 1 indicates some effort to slow down the drag or to pull away. A score of 2 
indicates no resistance. 

5. Righting Reflex 

After the conclusion of the drag test, the mouse remains in Cage B for the Righting 
reflex test, as well as for the remainder of the reflex tests. The mouse is placed on its 
back and the mouse is observed. A score of O indicates that the mouse gets onto four 
paws without difficulty. A score of 1 indicates partial "righting" or complete righting with 
difficulty. A score of 2 indicates inability to right completely. 

6. Face Reflex 

The face reflex will be tested by lightly touching the head with a long Q-tip or eraser end 
of a pencil and observing responses. A score of o indicates a head shake or movement 
away from the stimulus. A score of 1 indicates partial response and a score of 2 
indicates no response. 

7. Eye Reflex 

The eye reflex is tested by lightly touching the eye with a Q-tip and observing the 
response. The response will be scored according to the following criteria: O indicates a 
complete and immediate eye blink; 1 indicates a delayed eye blink; and 2 indicates no 
response. 

8. Sound Reflex 

This reflex is a movement in response to the noise of a short, sharp clap of the 
experimenter's hands. The reflex is observed and rated as follows: 0 for a quick jumpy 
movement followed by freezing; 1 for a slow movement and/or no freezing; and 2 for no 
response. 

9. Tail reflex 
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This reflex is tested by applying a brief pinch using the experimenter's fingers to the tail 
for a marked and immediate squeak; 1 for a delayed or weak squeak; and 2 for a no 
response. 

10. Paw flexion reflex 

This reflex is tested by briefly applying a pinch with the experimenter's fingers to the 
hind paw and observing whether a withdrawal response is elicited. The test will be 
scored as follows: O for a limb withdrawal reflex; 1 for a partial or delayed withdrawal 
reflex; and 2 for no response 

Other Neurological behavior tests: 

Barnes Maze test: Spatial memory task in rodents after TBI will be evaluated using 
Barnes Maze test (Barnes 1979, Harrison et al 2006, Doll et al 2009, Maegele et al 
2005). The arena consists of a circular platform (122 cm diameter) with 20 holes around 
the perimeter. One hole is designated as the "escape hole" and has a long box 
underneath it that extends under the platform. The other 19 holes can be used with or 
without the false boxes directty underneath the holes, but do not extend out underneath 
the platform. Bright light is pointed towards the maze to act as an aversive stimulus and 
induce mice to find the "escape hole". The time line for training and testing using the 
Barnes Maze test consists of 4-5 consecutive training days and multiple testing days. 
On the first day, three trials (one acclimatization and two training trials) are given to 
each animal. Next for four consecutive days each animal receive two training trails. 
Following the induction of mTBI each animal will be given two test trails each day for 
seven days to evaluate the spatial memory task. Training is conducted by placing the 
animals at the center of the platform and ends after the animal has escaped from the 
"escape hole" or the predetermined time of 300 sec has ended. After the animal has 
escaped from the maze it is covered for 30sec to reinforce the escape from the aversive 
stimuli. If the animal fails to escape the maze then it will be led to the escape hole and 
will be covered for 60sec to reinforce the escape from the aversive stimuli. Platform will 
be cleaned with 35% isopropyl alcohol in between the training and or testing of each 
animal to remove any olfactory cues. 

Rotarod test: The rotarod test measures the motor skills of an animal. It also measures 
learning behavior as the animal improves the balancing act by practice (Chen et al 
2007, Fujimoto et al 2004). The rotarod treadmill (Med Association) consists of a motor
driven drum divided into four stations. When the animal falls off the rotating drum it 
breaks a photobeam stopping the timer associated with that chamber. The animals will 
have three consecutive trials on this device with speed of rotation increasing with each 
trial from O to 35 revolutions per minute for a maximum of 3 min. Average time from 
three trails will be expressed in seconds and will be recorded for scoring each animal. 

Open field locomotion: Open field locomotion will be measured during the dark cycle 
i.e. the active period of the animals using an Omnitech/Accusan Electronics Digiscan 
infrared photocell system (Elliott and Grunberg 2005). The system consists of a clear 
box with infrared beams to measure horizontal and vertical movement of the animal. 
Activity for each animal will be measured for one hour. 

Startle acoustic test: The acoustic startle reflex test in animal will be conducted with a 
Startle Response Acoustic Test System (Coulbourn Instruments, Columbus, Ohio, USA) 
(Faraday and Grunberg 2000). The system consists of eight weight sensitive platforms 
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in a sound-attenuated chamber. A subject's movements in response to stimuli will be 
transduced into analog signals by the platforms. These signals will then be digitized and 
stored by a computer. All acoustic stimuli wilt be given by a loudspeaker mounted 24 cm 
above the test cage. To minimize the effects of handling and stress on drug testing, 
animals will be allowed to acclimate to the startle chamber for 2 consecutive days. 
During acclimation animals are in the chamber for 20 min/each session. The startle 
baselines will then be tested for each animal the next day on Day -1 before their drug 
administration or experimental manipulations. During testing mice will be individually 
placed in an animal holder (E05-15, Coulbourn Instruments, Columbus, Ohio, USA), 
which will be then placed on a weight-sensitive platform within the chamber. A 
ventilating fan built into the chamber provides background noise. Following 3-min 
acclimation period animals will be exposed to six types of sound stimulus trials: 1 oo and 
110 dB alone, both 100 and 11 o dB with pre-pulse (84dB), pre-pulse alone and no 
stimulus. Each trial type will be presented eight times. Trial types will be presented in 
random order to avoid order effects and habituation. Inter-trial intervals ranged 
randomly from 15 to 25s. Animals will be tested in the dark cycle; during the 
experiments the red light will be provided in the dark room. Each animal's responses will 
be averaged within trial type. Trials during which no stimuli presented will be used as 
control for normal subject movements on the platform. Amplitudes of each trlal type will 
be derived by subtracting grams (g) of platform displacement on the no-stimulus trials 
(i.e., body weight of each subject) from g of platform displacement in response to 
specific stimuli. The remainder resulting from this calculation represented absolute 
amplitude of ASR to the stimulus (e.g., 100 dB, 100 dB with pre-pulse, 110 dB, 110 dB 
with pre-pulse). The ASR amplitude tested each time was finally represented as "% of 
baseline", which was calculated using the equation: % of baseline= (absolute amplitude 
/baseline absolute amplitude) 100%. For each test day, ANOVAs for repeated 
measures will be performed on startle amplitudes with factors of stress status and drug 
dosage. Tukey or Bonferroni test was used to assess significant post-hoc differences 
between individual groups. The data will be represented as mean ± 
S.E.M. 

Forced swimming test: Forced swim test consists of two phases, a training phase and 
a test phase on two successive days (Carlezon et al 2002, Pliakas et al 2001 ). For the 
training phase animals are placed into a 65cm tall x 25cm diameter cylinders filled with 
tepid water up to 48 cm for 15 minutes. For testing phase animals are similarly placed 
into the water for 5 min. Animal is considered immobile in water if 75% of the animal's 
body is still for at least 5 seconds (as analyzed by video recording software). Total time 
of immobility, latency to first instance of immobility and number of immobile periods will 
be recorded for each animal. Animals under stress or showing inability or difficulty in 
swimming will be immediately removed from the water. All mice will be dried off using 
paper towels after the test and before placing them back in their respective cages. 

Morris Water Maze (MWM) test: Our current neurobehavioral experiments such as 
open field locomotion and rotarod test indicate that there may be a learning behavior 
deficit in the mild TBI group as compar~ to the control. Published literature on mild TBI 
suggest that Morris Water Maze test may be more sensitive to bring out the learning 
behavior deficits in mouse as compared to the other neurobehavioral tests. Therefore 
we would like to conduct MWM test in our studies details of which are given below: 
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Ten days (day 1 of the training) after TBI or sham procedures, a Stoelting Morris water 
maze is filled with tap water (25°C) to a depth of 20-30 cm. A clear plastic platform is 
placed in one of the "quadrants" of the tank floor. On Day 1, a pre-training trial takes 
place where the mouse is gently placed on the platform in the tank and the mouse 
remains there for 15 seconds. If the mouse jumps into the water during this time, it is 
allowed a brief swim (< 60 seconds) before being guided back to the platform. On Days 
2-5, training trials take place in which the mouse is placed near the side of the tank in a 
location away from the platform, and is allotted 60 seconds to swim to the platform, 
where it remains for 15 seconds before being dried and placed into the home cage 
under a heating lamp. If the mouse does not reach the platform in the allotted 60 
seconds, they are gently guided to the platform. A total of four trials per mouse, 
separated by 1-2 minutes, are performed each day and the latency to find the platform 
is recorded for each trial. Finally, on the final day of training (Day 5) about one hour 
after the last training trial, a single trial is performed with the platform removed from the 
tank. The time spent in the pool quadrant where the platform was located is measured, 
compared to time spent in the other three quadrants. The time to reach the platform, 
distance traveled, and time in each quadrant of the tank is recorded by the Any-Maze 
video tracking program. 

Twenty six days (day one of the 2nd round of training) after the TBI or sham procedure 
above procedure will be repeated again with following differences. The platform will be 
moved to a different quadrant of the Stoelting Morris water maze. Training will done for 
3 days i.e. day 26, 27 and 28 post TBI or sham procedure. Day 26 training will be 
similar to day 1 of first round of training as described above. On day 27 and day 28 
training will be similar to day 4 and 5 of the 1st round of training respectively. On day 28, 
a single trial with platform removed will be conducted 1 hour after the last training trail. 
Data will be measured and analyzed as described above. 

Ear punch identification: We have initially proposed in our protocol that a temporary 
marking on tail with a sharpie marker will be used to identify animals. We have 
increasingly face problem with this mode of animal identification as many times due to 
water bottle leak or form other reasons the marking on the tail fades away and it 
becomes extremely difficult to identify the animals. Therefore we would like to request a 
more reliable animal identification technique of ear punching. Ear punches will be made 
on the day of surgery when the injury or sham group of mice will be under anesthesia 
(as described in the protocol). Scissor style ear punch (Kent Scientific, cat# !NS500076) 
will be used to make ear punch. Animals will be identified in the following manner: 

Mouse #1-No holes. 
Mouse #2-0ne hole on the right ear. 
Mouse #3-0ne hole on the left ear. 
Mouse #4-0ne hole on each ear. 
Mouse #5-Two holes on the right ear. 
Mouse #6-Two holes on the left ear. 
Mouse #7-Two holes on the right and one hole on the left. 
Mouse #8-Two holes on the left and one hole on the right. 
Mouse #9-Two holes on each ear. 

Mostly numbering from 1 to 5 five will be required and further identification wm be done 
based on the cage number followed by the animal number. 
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Perfusion and collection of brain: Animals will be perfused as described before 
(Sharma et. al., 2009). Briefly, each animal will be euthanized using over dose of 
isoflurane and will be perfused first with 15ml of ice cold IX PBS {GIBCO Phosphate
Buffered Saline, lnvitrogen) containing 12.5U of heparin followed by 15ml of 10% 
neutral buffered formalin (NBF) (VWR, West Chester, PA). Whole brain will be carefully 
removed and fixed in the 10% NBF solution. 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

Species#1 Species#2 

V.4.1.1.1.1. Column C: 144 

V.4.1.1.1.2. Column D: O 

V.4.1.1.1.3. Column E: 402 

Please refer to section V.4.1.4 for details regarding grouping of animals under each 
category. 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesla/Analgesia/Tranauilizatlon: 

Anesthesia: Animals will be anesthetized by inhalation anesthetic immediately prior to 
the induction of TBI. General anesthesia will be induced by 2-4 % lsoflurane + 100% 
oxygen using a precision vaporizer via a rodent anesthesia machine in a clear chamber. 
Mice will then be removed from the chamber and maintained under anesthesia on 0.5-
3% isoflurane + 100% oxygen using a nose cone during the procedure. All the 
procedures such as induction of TBI, euthanasia and perfusion will be performed on 
mice with no pedal withdrawal reflex. Mice will also be carefully monitored for a stable 
rate of respiration. Waste anesthetic gases will be scavenged either through the 
chemical fume hood or passively by the charcoal filter. Anesthetics will be administered 
by the Pl or his staff or by LAM personnel. 

Analgesia: None 

V.4.1.2.2. Pre- and Post-procedural (not surgery} Provisions: 

Animals will be kept at the animal housing facility of LAM for 1o~14 days prior to the 
induction of mTBI and will receive standard care. Acclimation and baseline 
measurements for the behavior test will be done in the week preceding the day of injury. 
Post injury animals will be monitored for any distress. If animal is found to be distressed 
for reasons other than the mTBI it will be removed from the study and humanly 
euthanized. 

V.4.1.2.3. Paralytics: none 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 
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V .4.1.3.1. Sources Searched: Med line (PU BM ED), defense technical information 
center biomedical research database (BAD) and research portfolio online reporting tools 
(RePORT) 

V.4.1.3.2. Date of Search: June ~ -8, 2013 

V .4.1.3.3. Period of Search: 1970-current 

V.4.1.3.4. Key Words of Search: Traumatic brain injury, mild traumatic brain injury, 
traumatic brain injury + pain, mild traumatic brain injury + pain, mild traumatic brain 
injury + distress + pain, mild traumatic brain injury + alternative, mild traumatic brain 
injury + pain + alternative, mild traumatic brain injury+ analgesic, mild traumatic brain 
injury+ analgesic+ microRNA, perfusion and tissue fixation, perfusion+ pain, perfusion 
+pain +alternative, cardiac puncture blood collection, cardiac puncture+ pain, tail vein 
injection, tail vein injection+ pain, tail vein injection+ pain+ alternative. 

V .4.1.3.5. Results of Search: 

Use of the various key words and their combinations returned several results. These 
results showed that induction of mTBI by weight drop method, formalin perfusion by 
cardiac puncture, tail vein injection and blood collection by tail vein nick and cardiac 
puncture are routlnely used technique and are used as per the need of the experiment. 
We could not find any alternative to the weight drop method to induce mTBI that is 
minimally invasive in producing contusion. Further the blood collection by cardiac 
puncture will give greater blood volume as compared to the tail vein nick with minimum 
stress to the animal as it will be done under anesthesia. Below is the summary of the 
literature search: 

1.) Search using the term "traumatic brain injury" returned 54467, 4825 and 626 results 
in PUBMED, BRD and RePORT database respectively. Adding "mild" to this search 
reduced the numbers to 2961, 1316 and 211 in PUBMED, BRO and RePORT database 
respectively. Search with "mild traumatic brain injury + pain" returned 141, 504 and 171 
results in PUBMED, BRD and RePORT database respectively. "Mild traumatic brain 
injury + alternative" returned 28, 399 and 103 results in PUBMED, BRD and RePORT 
database respectively. These results show that there is no painless alternative to study 
mild traumatic brain injury. Most of the results indicate interventions to reduce the 
associated pain after the injury has happened. 

2.) Use of analgesic: Pubmed search of the analgesic (NSAIDS such as aspirin, 
cyclooxygenase 2 blocker, ibuprofen, Sildenafil, acetaminophen etc) and gene 
expression showed that analgesics modulate gene expression in the host. 

3.) Perfusion: Pubmed search of "perfusion by cardiac puncture" returned 123 results, 
where as "cardiac perfusion" returned 42445 results. Search for formalin cardiac 
perfusion returned 80 results. These results showed that perfusion with formalin through 
cardiac puncture is a well establish methodology. Search for "alternative to formalin 
perfusion" returned 6 results. All these results showed alternative to use of formalin with 
some other fixative such as acrolein but did not indicate any painless alternative to the 
perfusion technique. 

4.) Blood collection: Search wlth key words "blood coUection" returned 26909 results 
which reduced to 507 when the term "cardiac puncture" was added to the first search. 
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These results indicate that blood collection by cardiac puncture is a well established 
method. 

5.) Tail vein injections: Search for "tail vein injection +mouse" returned 1114 results and 
addition of microRNA to the above keywords retuned only two results. These results 
show that tail vein injection is a well established method of administering drugs/ dyes 
and microRNA can also be delivered by tail vein injection. 

V.4.1.4. Unallevlated Painful or Distressful Procedure Justification: All the 
animals in the experiment 1, 2 and 3, that will be induced with the TBlhave been placed 
under the unalleviated painful or distress category, category E. Animals that will 
undergo only the scalp incisions have also been placed under the category E. Total 
number of animals under this category are 402. This is done due to the concern that 
analgesics (NSAIDS such as aspirin, cyclooxygenase 2 blocker, ibuprofen, Sildenafil, 
acetaminophen etc) results in modulation of gene expression in the host. Buprenorphine 
is a mu-opiod receptor partial agonlst and kappa-opiod receptor agonist (Sanchez et al 
2008). Detailed molecular mechanism of Buprenorphine action is not fully understood. It 
has been shown to induce dose dependent affect on myelin associated glycoprotein 
expression and glycosylation. Buprenorphine engages both mu-opiod receptor and 
nociceptin/orphanin FQ receptor (NOP receptor) in the oligodendrocytes presumably via 
modulating activity of Src-family tyrosine kinase Fyn (Sanchez et at 2008, Eschenroeder 
eta I 2012). Buprenorphine also induce low level of interleukin 4 response in T 
lymphocytes and has also been reported to induce apoptosis in NG108-15 nerve cells 
(Borner et al 2013, Kugawa et al 1998). Studies on molecular mechanism of 
Buprenorphine action are limited. Therefore, it is also not know if buprenorphine 
treatment will affect the microRNA expression in the serum and brain of mice. The main 
objective of the proposal is to evaluate mTBI induced miRNA expression in brain and 
blood so as to use that information as diagnostic marker of mTB!. It is well establish that 
microRNA modulate the gene expression by acting upstream of the mRNA translation 
step. Since the analgesics modulate gene expression it will be safe to assume that 
microRNA expression will also be modulated by these analgesics. Analgesic, 
acetaminophen is known to modulate the miRNA expression in the serum (Wang et al 
2009). Therefore, use of analgesic may interfere with the outcome of the proposed 
study i.e. identification of microRNA in serum post mTBI and their establishment as 
mTBI biomarkers, in a way that may result in false identification of miRNAs or 
inaccurate correlation of miRNA with mTBI. However, to reduce the pain at the time 
of injury or only scalp incisions, all procedures wlll be done under continuous 
inhalation anesthesia. 

Animals that are placed under the category C (n=144) are the animals that will either be 
naive subjects or receive momentary discomfort due to injections of saline or miRNA 
antagomirs/mimics. 

Treatment with miRNA mimics/antagmoirs is expected to alleviate the pathology 
associated with the induction of mTBI therefore will be expected to alleviate the pain 
associated with the mTBI. If treatment with microRNA mimic(s) or antagomir(s) would 
be found effective in treating the mild TBI, then the above categories will be changed as 
deemed necessary. Such observations will be recorded and reported in the annual 
report to IACUC. 
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V.4.2. Prolonged Restraint: None 

~~~M ~~~~~~ai~~~~~~~o~~~~fb7c4rave been adopted from the sop orcwicted hJ the 

V.4.3.1. Pre-surgical Provisions: Animals will be kept at the animal housing facility 
bf LAM for 1 o~14 days prior to the induction of mTBI and will recehle standard care. 

V.4.3.2. Procedure: All the procedures will be carried out under aseptic conditions at 
the CNRM's TBI surgical suite in Dl.AM. Bench space and instrument to be used will be 
cleaned with 70% ethanol. Following 1wo proeeaures will be aone uncter the proposed 
study: 

Weight drop Induced mTBI: Mice (-28gms) will be anesthetized by inhalation 
anesthesia as described in section V.4.1.2.1. Skin will be cleaned with betadine and a 
midline scalp incision (-1.0·1.5 cm) will be made in a single cut exposing the skull. Mild 
closed head injury (CHI) will be induce<I by weight drop method. 333 gm weight will be 
dropped from a heigtlt of 3 cm causing a mild CHL An impactor tip ot 3 mm diameter at 
the end of the rod will be used to create the blunt end injury at the predetermined left 
anterior frontal area. Rod will be retracted immediately to prevent and "rebound injury;' 
that may otherwise result in multiple contusions. Such injury causes a NSS-r) score of 
3-4 at Day 1 post injury (figure 18). which is consistent with the mTBI (Flierl et al 2009, 
Brody et al 2007). Following injury scalp will be closed with tissue glue. Sham~treated 
controls will be treated similarly except the impact with the free falling weight. 

Controlled cortical Impact TBI: This method has been incorporated as a backup to 
weight drop mTBI methoo. In case if weight drop mTBI mOdel fails to provide any 
measurable alteration (biochemical/molecular/behavioral), CCI model for inducing 
mTBl, which ls well established and characterized in the CNAM, will be used to 
undertake miRNA mimic/antagomir experiments. Mice will be induced and ma,intained 
on isoflurane anesthesia as described in section V .4.1.2.1. Mouse will be placed in the 
injury device stereotaxie frame at 0° angle. Skin will be cleaned with Betadine and a 
small surgical incision in the scalp will be made to expose the skull overlying the right 
lateral ventricle. A 5.0mm burr hole will be drilled into the skull of the right hemisphere at 
anterior-posterior = 0 mm, medial-lateral = 2.0 mm from bregma with a hand-held 
trephine to expose the dura mater. After removal of the bone flap, injury will be 
produced with the CCI device operated and maihtainoo under the Center for 
Neuroscience and Regenerative Medicine (CNRM) core services in DLAM. The impact 
tip {3 mm 'ir1 diameter) will be slowly lowered to the surface of the dura and a low
voltage detector indicates when the tip contacts the dura (contact will be visually 
verified). A single contusion will be made and target insult parameters will be a 
penetration depth of 0.5 mm (mild injury) with a stroke velocity of 5 m/s (Brody et al., 
2007). Following CCI, the burr hole filled with bone wax and incision is closed with a 
Vitryl absarbaole suture or With rissue glue. SharrHreated controls will be treated 
similarly, but the impactor will not be activated. Body temperature will be maintained 
with the use of a warming pad. 

V.4.3.3. Post-surgical Provisions: 
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Animals will be allowed to recover frorn the anesthesia on a hot water circulating paa. 
No analgesic Will be given to the animal as it may interfere with the inference of results. 
Animals will be monitored for 4 hours after the induction of surgery and will be housed 
singly in their cages. There after animals will be checKed once a day by· Pl's staff. A 
cage card indicating the date and time of the TBI and the responsible person will be 
placed on each of the animal cage. Animals will also be assessed for weight loss, 
absence of grooming and undergo neurological tests to assess the absence/presence 
of impairment. Animals shown signs of distress not typically associated with the TBI 
suen as muscle rigidity or lack of muscle tone. twitching, trembling, tremor. self· 
mutilation, or unkempt appearance (erect, matted, or dull hair coat) Will be identified. Pl 
will consult with OLAM veterinarians on a case by case basis to determine pain and 
distress in all animals. Animals deemed to be in distress will be removed from the study 
and euthanized by DLAM personnel, Pl or her/his staff following consultation by LAM 
vet staff and the Pl or his staff. 

V,4,3.4. Location: f6><6) I USUHS. 

V.4.3,5, Surgeon: P1,l .... {b_)<
6
_> ~----------~__, 

V.4.3.6. Multiple Major Survival Operative Procedures! none 

V.4.3.6.1. Procedures: N/A 

V.4.3.6.2. Scientific Justification: N/A 

V.4.4. Anlmal Manlpulatlons: 

V.4.4.1. lnlections: Animals in the experiment #3 wlll receive three intra.venous 
injections of miRNA antagomirs in the tail vein starting just after the injury, at 24 and 48 
hour post injury. LNA Antagomirs (dose of 80 mg/kg) or miRNA mimics (50µg/mice) will 
be dissolved in PBS and a fina1 volume of 50µ1 will be injected in the tail vein using a 
26(1/2)-27 gauge needle. Control mice will receive only PBS in similar fashion. · 

V.4.4.2. Blosamples: Animals will be anesthetized as described in the section 
V.4.1.2.l. Blood samples will be collected from the animals t>y cardiac puncture while 
under anesthesia or by tail vein nick. Brains will be isolated after the perfusion (for 
histology studies) or after the removal of the head (for biochemical and miRNA studies). 
Other tissues such as spleen and liver will also be harvested and banked for future use 
is the necessity arises. 

V .4.4.3. Adjuvants: none 

V.4.4.4. Monoclonal Antibody (MAbs) Production: none 

V.4.4.5. Animal ldtntlflcatlon: Cage cards, temporary markers and ear punches will 
be used for animal identification. 

V.4.4.6. Behavioral Studies: 

V.4.4.7. Other Procedures: NA, no other procedures will be performed on the 
animals. 

V.4.4.8. Tissue Sharing: none 

V.4.S. Study Endpgint: 

For experiment #1: 4 day post injury. 
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For experiment #2: 3hr, Day1, 3, 4, 7, 14 & 30 post injury. 

For experiment #3: (a): 3days post injury. 

(b): 7 day post injury. 

(c): 3hr, Day 1, 4 and 7 post last treatment with the 
antagomir /mimic. 

In addition 10 the above time points animals found to be under duress tor reason 
other than the TSI such as; extensive bite marks and skin lesions from fighting, will be 
removed from the study and humanely euthanized. 

V.4.6. Euthanasia: 

Animals will be euthanized at the study end points according to the 2013 AVMA 
Guidelines on Euthanasia. Mice will be deeply anesthetized as described in section v 
4.1.2.1. Deeply anesthetized mice (slow rhythmic breathing with no response to foot 
pinch) will be euthanl:zed either by cerv1ca1 dislocatiort decapitation or exsanguinauon 
during perfusion. 

Animals that become paralytic or sustain severe injury due to the creation of TBJ will 
be removed from the study and will be euthanized by C02 inhalation by DLAM staff 
(explanation of this procedure has been adapted from the IACUC policy#13: Rodent 
Ane$theSia with C02 Prior to Euthanasia (09/08)) . Without pre·Charging the chamber, 
anirnal(s) will be placed in the chamber and 100% carbon dioxide will be introduced. A 
fill rate of higher than 20% of the chamber volume per minute with C02, added to the 
existing alr in the chamber will cause rapid unconsciousness with minimai distress to 
the animals. The expected time to unconsciousne$S and death is about 2 minutes. Mice 
will be observed for lack of oreathing and pale eye color. If both signs are ol:>served, 
co2 will be allowed to flow for another 1 minute. Mice will be removed and will be 
verified for death after euthanasia and prior to disposal and cervical dislocation and 
bilateral thoracotomy may be used to ensure death . 

V.5. Veterinarv Care: 

V,5 .1. Husbandry Conslderat1on1: Routine animal husbandry will be provided in 
accordance with LAM Husbandry SOPs for each species in this protocol. 

V.5.1.1. Studv Room: 

Building(s) ... l<b_R_5i ____ ....__ 

V.5.i.2. 
Special Hysbpndry Provisions: 

Food Restriction: 

Fluid Restriction: 

V .5.1.3. Exceptions: none 

V.5.2. Veterinary Medical Care: 
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V.5.2.1. Routine Veterlnarv Medical Care: Mice will be checked on daily oasis by 
the LAM veterinarian and Pl staff. All the animals will be checked by the Pl's staff twice 
a day for the first two days after the injury. After that animals will be checked once a day 
till the end of the study. Routine care such as plentiful chow, water and change of beds 
will be provided by the DLAM staff. Mice that show increased distress as determined by 
the veterinarian and described in section 4.3.3 will be removed from the study and will 
be humanely euthanized by the OLAM staff as described in the section V.4.6. 

V.5.2.2. Emergeoc.v Veterina~ Medical Car~: All emergency, weekend, and holiday 
care is provided by two animal husbandry tecnnicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

\/.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: None 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Qualificatiom~ ot person Specific training in this 
Protocol activity or performing activity (e.g., activity or procedure 
procedure (e.g,, tail vein Name of person research technician, 2 yrs (e.g., roaent handling 
injections, euthanasia) performing activity experience) class, 1999} 

1-:T"""s"""1'"""·, -a-ne-s-:-t:-he-s-ia-,--fi:,vhl:J)\~0i:-======'1t--=P-;--I, -- >30 Years -- OfRo.-d_e_n_t . ~-h-a_n_d-lin-g-1 
and injections. experience with the training class 2006, 

1--- - ·------
Neurobehavioral 
and cogn1tive 
functions. 

Neurobehavioral 
and cognitive 
functions. 

Neu robehavioral 
and cognitive 
functions, 
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mice model. USUHS Investigator 

Pl in several IACUC 
rodent protocols at 
USU HS. 

Training Course 
Pl training 200@ 

Pl in IACUC mice USUHS Investigator 
protocols at USUHS Training Course. 
evaluating the traumatic Pl training 2005 
brain injury in rodent 
model. 

Pl in several IACUC USUHS Investigator 
mice and rat protocols at Training Course. 
USUHS evaluating Pl training 2003 
neurobehavioral and 
cognitive functions in 
rodent model. 

Pl in IACUC rat USUHS Investigator 
protocols at USUHS Training Course 
evaluating the Pl training 2003 
neurobehavioral and 
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TBI, anesthesia, tail (b)(BJ 

vein injections, 
perfusions/fixation. 
serum collection/ 
tissue harvest 

TBI, anesthesia, tail 
vein injections, 
perfuslons/f bcation. 
serum collection/ 
tissue harvest 

TBI, anesthesia, 
injections, 
Neurobehavioral 
ana cognitive 
functions. 

TBI, anesthe$ia, 
injections., 
Neurobehavioral 
and cognitive 
functions. 

Neurobehavioral 
and cognitive 
functions. 

Neurobehavioral 
and cognitive 
functions. 

Neurobehavioral 
and cognitive 
functions 

Weight drop injury 
and surgery 

Weight drop 
injury and surgury 
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cognitive functions in 
rodent model. 

Research associate, > 
1 O years of experience 
wtth the mice model 
s1udying viral disease. 

Grae1uate stuaent, 5 
years of experience 
hand ling mice. 

Graduate student, 3 
years of experience 
handling mice. 

Graduate student, 3 
years of experience 
handling mice 

3+ years of ex15~rience 
with mice 

3+ years of experience 
with mice 

2 years experience 
working with mice and 
rats 

Rodent handling 
training class 2002 
and 2006, USUHS 
Investigator Training 
Course (200S), 

Rodent handling 
training class 2008, 
USUHS Investigator 
Training Course 
2007, 

Rodent handling 
trainrng class held 
on 08/17/2010. 
USUHS Investigator 
Train ing Course 
08/17/2010 

Rodent handling 
training class held 
on 08/17/2010. 
USUHS Investigator 
Training Course 
08/17/2010 

USUHS Investigator 
Training Course 
July 2009. 

USUHS Investigator 
Training Course 
2009. 

USUHS investigator 
training course In 
2008 

t---------~-----1-------·-·-
>3 year of experience USUHS Investigator 
in mice and rat TBI Training Course on 
surgery related to her September 9, 2006. 
clinical practice as a Rodent HaFIOling 
microsurgeon. and Procedural 

Techniques on 
September 24tt1, 
2009, 

15 years of experience 
in mice and rat 

USUHS Investigator 
Training Courses on 
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[b)(6) nandlinQ,aseptic October 28, 2009.--. 
surgery, and rodent Rodent Handling 
behavior testing and Procedural 

Techniques on 
November 19th. 
2009. 

TBI, anesthesia, Graduate s1udent. 5 Roasnt handling 
Blood and tissue years of experience training class 2008, 
collection. handling mice. USUHS Investigator 

Training Course 
2007. 

---- ~ 

VII. BIOHAZARDS/SAFETY: None 

VIII. ENCLOSURES: 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only ln 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

Principal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 
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1J s./-;.oi 1 
Principal Investigator Signature Date 

I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL NOT be relieved ~ith the use of anesthetics, analgesics and/or tranquilizers. I 
have considered alternatives to such procedures; however, using the methods and 
sources described In the protocol. I have determined that alternative procedures are not 
available to i~~omnlish the objectives pt this proposed experiment. -f 1 1hJ:/'J-oJ1 

Principal Investigator Signature Date 

USU HS Form 3206 - Revised October 2000 
Previous versions are obsolete 

35 



X. PROTOCOL ABSTRACT: 

A Animal Protocol Nu.mb§r: ... f0
_i<

5
_l ----

B. Animal Protocol Title: Role of MicroANAs in Mild Traumatic Injury and 
Posttraumatic Stress Disorder: ldentificatlon of 61omarkers and Therapeutic Targets in 
Mice 

C. Principal lnvestigator:._1{6_)<6_1 ______ ___. 

D. Performing Organization: USUHS, Bethesda, MD 

E. Funding: DMRDP 

F. Oblective and Approach: The overall goal of this study is to determine the miANA 
modulation in serum and brain post mTBI, to establish miRNAs as early diagnostic markers 
of mTBI and to determine use of miRNA mimics and antagomirs as therapeutic molecules 
for treating mTBI. To achieve the proposed objectives we will use a free falling wetght drop 
model to create mild traumatic brain injury (mTBI) in mice. Mice brain and serum samples 
will be evaluated for changes in the miRNA expression patterns to establish the miRNA 
expression signature post mTBI. Once these miANA expression signatures will be 
established we will cetermine the significantly modulatea miRNAs and wm te$t for their 
therapeutic potential. Thi$ will be achieved by restoring the normal expres$iOn pattern (as 
determined from the sham controls) of the significantly modulated miANA by using miRNA 
antagomirs (for Inhibiting miRNA) and or mimics (to restore the suppressed mlRNA). This 
will determine the therapeutic potential of these miRNAs. Changes in the miRNA 
expression pattern will be correlated to the cognitive and neurological dysfunctions that are 
observed post mTBI. Also ihe treatment with the miANA antagomirs and mimics will be 
correlated with cognitive and neurological behavior changes to establish any beneficial 
effect O'f these mi RNA antogomirs or mimics. 

G. tndexlng='Terms_JDes_cri.Qtors}: mild traumatic brain injury, microANA, biomarkers, 
mice, antagomirs and mimics. 
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UNIFORMED SERVICl!S UNTVERSITY OF THE HEALTH 'SCIENCES 
430 ~ JONES BRID~E ROAD 

l'IETHeSDA; MARYi..ANO :2o81~·•1°7!l9 

May 7, 2014 

MEMORANDUM POR DR(,_(6l_<6_> _____ ___,( DEP.ARTMENT OF PATI 101 .OGY 

SUBJECT: IACUC Approval of Protovo~ ·Triennial Review 

The following application was reviewed and .approved by the Un:ifo(l[ncd Services University 
of the Health Sd~nces (lJSUHS) lnsl~tutional A . .nimal Care 'and Use CCimmittee (lACUC) via 
Desibtflatcd Member Review on Muy 7, 2014: 

Animal Protocol Title~ .. PosMranscriptional Sikncing of Vtinczuclan Equine Encephalitis Virus 
(VEEV) RINA for Deve'loping an Anliviral Thc.rapy against !Exposure with VEEV, a Bio
warfare Agent (Mice)" 

1
(6)(6) 

USUHs l>mtocol Number: .. 

hxpiruti()n Dntc: May 6. 2017 

Sunportlng Omntts) Numhud(b)(6) 

NaJnc of Principal lnvC.i\tii;ator: Or.I .. 16_11_
6
) ______ _, 

TI1c U8UHS has ;.m Animal Wdforc Assurance on file with the Officu for Laboratory Animal 
Wclfbro (OL A W), N3'ti(lnal IM~inncs of i lc~lth .(Nln). 111~ Assurance Numher i~(b)(6) !The 
LACUC approved the abuve refetc11ced applicatwn as subitutted. 

An annual review i's req11ired for each of the 'th rec years of th is protocol. This review must be 
completed by ihe anniversary dote ofthe protocol lfworlc is to bo continued past the expiration 
date. a triennia~ review l'fi'Lll!:>t be Coinpletcd prior to the cx:pir.ation 1datc ih ord<t'r for work tt.l oo 
uninterrupted. Protocol ·expirntion dates may not be IC..\1.cnded, and no animal work may be d,0nc 
without an approved protocol. Al1though the Il\CUC mQy S'-'l'id t~minders, it is the investigator's 
responsibility to submit an annual review fonn (fonn 3206A) at lea:st 30 dHys in advance, or a new 
Fonn 3206 for triennial review at least 60 days in advance of cxpi'ra1tion. 

Prior to placing yoor lirst an.1mal l):rd~ r, pUease contact MAJ((b)(e) I tc scbiedule a 
pre-protocol planniing mectinglCb)(6) I This meeting must oocur to ensure ru.tlmal m.1mbers are 
loaded in the CART system and LAN1 re!lources rirc nvu·ilnbJe to met1t your needs. 

cc: Office of Research 

r)(6) 

l<bH5> IPb.D. 
Chair, lnstit1Jtiooal Animal 

Care and Use Committee 
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ANIMAL STUDY PROPOSAL 
P,ROTOCOL COVER SHEET 

l~IlQT_OC.Ob NUMBE~d(b)(o) L---..-. __ ___. 

IAC'UC Date Stamp 

2RO:tO~C_OLJJlilE: Post-transc11iptional silencing of Venezuelan Equine Encephalitis 
Virus i(VEE'V) RNA for develop:ing an antiviral therapy agaiinst exposure with VEEV, a 
bfo-watf,are agent (in mice). 

FUNDING AGENCY: Def.ense Threat Reduction ,Agency (DTRA) 

EARUESi ANTIC11PATED FUNDING_S__IART DATE: 1013012013 

PRf NC~PAL INVESTIGATOR: 1 ) 
(ll)(~) 

PAT l(bj(G) I 
Prlhc1paJ Investigator Slgne1ure Oepa111ne11t Office/lab Telephone 

3 }.2c!;: I t 'i 
Date 

SCIENTIFIC R'EVIEW: This arnimall use propos31 received ap:propriate peer scien1ifiic 
review and_is_:_cJJnslst_enLwllh .o_o~d~s_cle_nlific research practice. 
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II 

f . v 
Research Urn\t Chi~( / Dept. Ii . ad Signature 
Typed Name· 

Title 

1(6)(6) 

iel.ephone 

dl 
~ $~ ~ ' •r¢ 

Date r , I 

~TAT~STlCAl REVIEW: A person knowledgeab'.le in biostatisties reviewed this 
proposal 110 ensur~ that the numt>er of animals used is approp'riate to obtain su1ffident 
data and/or is not excessive. and the stafrstical design is approprriate for the intent of the 

:t:.n argnetut• 6::.!ment ~=~hone I 03.~U IN 
Typed Name; 

AiTEr~OING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the ,AUe·ndirng Veterinarian vfaS consulted in tile planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress,even if 
relieved by anesthetics or analgesics. 

r)(S: I 
AtteMinglConsu~tifl~ V1eterinarian Signature 

LAM 
Department 

Typed Name··~ • ~:. -
r.__)(6-) ______ 1 bll!Vf, fl'1 pH 
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,ANIMAl PROTOCOL NUMBER: 

.PRINCIPAL llNV~STIGATOR: F ... _<
5
_> -------

ANIMAl PROTOCOL TITLE: Post-transcriptional silencing of Venezuelan Equ1ine 
Encephalitis Virus (VEEV) RNA for developing an antiviral therapy against exposure 
with VEEV, a bio-warfare agent (in mice). 

~RANT TITLE (if different from above): NIA 

USUHS IPB__OJECT NUMBER: ... r _><5_> ___ _. 

co~~NV~STIGATORJS); 

TECHNICIANS(SJ: ... l(b_l<
6
_> ----------------------' 

I. NON"'TECHNiCAL SYNOPSIS! Alphaviruses have caused widespread outbreaks 
resulting in stgniflc3nt. morbidity in humans and mortality in equines. Currently~ there is 
no safe and effective vaccine or a therapeutic drug against the two important New and 
Old World alphaviruses, Venezuelan equine encephalitis virus (VEEV} and 
Chikwngunya virus (CHIKV) respectively. The proposed study address.es the research 
gap that exists to deve~op effective anti~alpnavirus therapeutic drugs .. In our earlier 
studies, we had tested small Interfering RNAs (siRNA) for their efficacy against VEEV 
replication. Two lead siRNA molecules were sefected based on the experiments in the 
cell culture. One hurdle of using the siRNA duplexes in the animals is that these 
molecules elicit innate immune response of the host after administration. A chemical 
modification of the siRNA, however, attenuates this property of siRNA. Another problem 
of using the siRNA in animals is a very short life of the siRNA in the blood circulation, 
This ls addressed by encapsulation of complexing of siRNA molecules to lipid based 
vesicles that protect the siRNA from the harsh degrading environment of the blood. In 
this study, we will evaluate the immunostimulatory activity of the non-modified and 2· O 
methyl modified siRNA duplexes in mice to establish the loss of immunomodulatory 
activiiy of rmodlftied siRNA~L SiRNA duplexes will be injected eithe·r 
encapsulated/complexed with PEGylated DOTAP vesicles or without any encapsulation 
in the tail vein of mice. Serum will be isolated from the blood to test for the innate 
immune response markers. This knowledge will provide information regarding potential 
use of the modified siRNAs as anti-alphavirus therapy agent In the second objective. 
we wm 1evaluate the miRNA changes in the blood of the alphavirus infected mice at the 
non·symptomatic stages of infection. The miRNA expression will then be analyzed for 
their use as non-symptomatic and/or prognostic marker of alphavirus exposure. The 
pl'ioposed study, therefore. will address two main research gaps i.e. developing an 
effective anti-alphavirus therapeutic drugs and diagnostic markers for alphavirus 
exposure and prognosis. 

II. BACl<GROUNO; 

11.1 . Background: 
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Venezuelan Equine Encephalitis Virus (VEEV): VEEV is a New World alphavirus 
classified under family T ogaviridae [Schlesinger 1998). Genome of 11. ?kb single strand 
message RNA is packed within an icosahedral protein capsid composed of repeated 
copies of protein C [Strauss et al 1969]. 5' capped two third genome encodes for non
structural polyproteins nsP1-4 (200-300k0a), including the precursor of RNA 
polymerase required for message amplification. The terminal one third of the genome 
encodes for structural proteins that are translated from a subgenomic mRNA copy (26S 
RNA) of full lengths minus strand intermediate. The genomic replication strategy 
involves a minus strand replicative intermediate and is similar to the strategies used by 
Picornaviruses, Flaviviruses and Calciviruses [Schlesinger 1998, Flint et al 1969]. Viral 
RNA dependent RNA polymerase (rdrp) is encoded by the nsp-4 gene of the virus and 
is central to viral replication in the cells. In this study VEEV rdrp will be targeted using 
the anti-sense RNA technology. 

TC83, a live attenuated strain of VEEV will be used in the proposed experiments. 
TC83 is highly attenuated and have been excluded from select agent regulations. 
Because of the low level of pathogenicity, this strain can be safely handled under 
BSL-2 conditions without vaccination or additional personal protective equipment 
(Page 243; Appendix B: BMBL5-section Vlllf). 

Chikungunya virus (CH/KV): CHIKV is an Old World alphavirus in the family 
Togaviridae. Genome organization of CHIKV is same as that of the VEEV with 4 non
structural genes nsp1-4 and 5 structural proteins capsid, 6K, and E1-3. Similar to VEEV 
Viral RNA dependent RNA polymerase (rdrp) is encoded by the nsp-4 gene of the virus 
and is central to viral replication and in this study CHIKV rdrp will be targeted using the 
anti-sense RNA technology. 

CHIKV181/25, which is a live attenuated strain of CHIKV, will be used in this 
study. The United States army had developed and tested CHIKV181/25 for vaccine 
application. CHIKV181/25 demonstrated an excellent immunogenic profile in Phase II 
clinical trials (98% seroconversion (Edelman et al 2000). CHIKV is not a CDC select 
agent. CHIKV181125 strain can be safely handled under BSL-2 conditions (see 
attached document, Doc-2: BMBL5-section Vlllf; Page 235 and Doc-3). 

Antiviral potential of RNA Interference Technology: RNA interference (RNAi) or post 
transcriptional gene silencing (PTGS) was first discovered in plants and later 
successfully tested in Drosophila, Caenorllabditis elegans, mammalian cells and 
against viruses [Bann and Puri 2004]. PTGS is a phenomenon where introduction of 
double stranded RNA (dsRNA) in the cell system results in a target specific degradation 
of mRNA resulting in gene silencing. Synthetic short 21-nt RNA duplexes (siRNA) are 
introduced into the cell. Once inside the cell, siRNAs associate with the RNA -induced 
silencing complex (RISC), which catalyzes the degradation of complementary cellular 
mRNA in a highly specific manner. As a result gene expression is reduced both at 
mRNA and protein level- the hallmark of RNAi. This technique has tremendous potential 
to be used as a therapeutic strategy in treating the disease involving altered gene 
expression [Forte et al 2005, Stein et al 1999, Zentilin et al 2004, Xia et al 2002]. 
Human immunodeficiency virus (HIV), polio virus, hepatitis B virus, hepatitis C virus , 
West Nile virus, severe acute respiratory syndrome associated coronavirus (SARS
CoV), foot and mouth disease (FMD) virus and Influenza virus (including pandemic 
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subtypes HS and H7 and adenovirus infections) have been inhibited both in vitro and in 
vivo using virus specific siRNAs [Jacque et al 2002, Ge 2003, Hui et al 2004, 
Tompskins et al 2004. Wang et al 2004, Giladi et al 2003. Klein et al 2003, Chen et al 
2004, Mohanpatra et al 2005, Kahana et al 2004, Sanchez-Vargas et al 2004, Kaliq et 
al 2010, Eckstein et al 2010). We and others have also shown that siRNA and miRNA 
targeting the viral nsp4 gene can inhibit VEEV replication in vitro [Bhomia et al 2013, 
O'Brien 2007]. These results suggest that RNA interference may provide a viable 
therapeutic approach to treat viral infection. Viral RNA polymerase is our target of 
interest as it is critical for the amplification of VEE viral genome. 

Modified SiRNA and Immune Response: Native siRNA duplex when administered in the 
host is treated as foreign moiety and host demonstrate an innate immune response to 
the siRNA duplex. 2'0'Me modification of the U and G residues in the sense strand of 
the siRNA duplex does not interfere with the siRNA efficacy, however, inhibit the innate 
immune response against the siRNA even when encapsulated with in the SNALPs 
[Judge et al 2006, Ursic-Bedoya et al 2014]. 

Encapsulation of siRNA: Naked siRNA show rapid degradation in the blood with in 4hr 
after injection. However, lipid encapsulated siRNA are protected for more than 24hr at 
3 7°C. is small nucleic acid lipid particle (SNALP)/lipid-nano particle (LNP) given via 
systemic administration has been shown to accumulate in the liver and have deliver 
siRNA to the liver to treat hepatic carcinoma. and in one study a modified SNALP was 
used to treat dermal carcinoma. Systemically administered SNALP encapsulated siRNA 
has also been shown to inhibit EBOLA and Marbug infection. Liver is the primary site of 
virus replication or both EBOLA and Marbug virus [Geisbert et al 2006, Ursic-Bedoya et 
al 2014). 

DOTAP (cationic lipid) liposomes have been used to deliver the siRNNpeptide to 
dendritic cells after sub-cutaneous injection. These DCs then migrate to the draining 
lymph nodes (DLN). Particle size of DOTAP based liposomes have been described to 
be in the range of 100-267 nm. Other studies (non-DOTAP based) have shown that 
desirable size for lymph node specific delivery of drug range from 20-BOnm. However, 
DOTAP based liposomes have been repeatedly shown to sequester in the DLNs. 
Further, DOTAP based cationic liposomes have been found to be less toxic than the 
lipofectamine/SiPORT NeoFX/SlPORT amine based transfection reagents. 
Incorporation of DOTAP liposomes with DSPE-PEG2000; enhances liposome uptake by 
resident antigen-presenting cells, accelerates the drainage of DOTAP liposomes into 
draining LNs, increases deeper distribution of liposomes in lymph nodes and spleen, 
and prolong their LN retention. DOTAP encapsulated siRNA (non-modified) induce type 
I and II interferon. DOTAP by itself also act as adjuvant and facilitate CDS+ T cell 
induction. Cholesterol:DOTAP based cationic lipid liposomes have been used to inhibit 
HBV and HCV infections in-vivo. 

MicroRNA and Biomarker. Biomarker is "a measurable substance in an organism whose 
presence is indicative of some phenomenon such as disease, infection, or 
environmental exposure". MiRNAs have emerged as novel diagnostic biomarkers for 
various diseases. MiRNA changes in the serum have been suggested as a potential 
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marker of disease and injury [Vvahid et al 2010). Earler we have also described the 
microRNA changes in me brains of mice infected with VEEV [Bhomia et al 2010). 

11.2. Uterature Search for 'Duplication: 

11.2.1, Liter•ature Source(s) Searched: Medline. Federal Research in Progress. and 
Defense Technical Information Center and BRO 

11.2.2. Date of Search: ~Apri l 28~. 2014. 

11.2.3. Period of Search: 11950-2014 

11 .. 2.4. Kev Words and Search S.trate_gy: Venezuelan equine encephalitis, Venezuelan 
equine encephalomyelitis, VEEV. CHIKV, Chikungunya virus, siRNA, amivlr-.af 
treatffie.At-;-innate immune respon$e, 2'0 Methyl modification, modified siRNAs, ~Yr 
t-A~tie;-mice, EMCV, alphavirus. biomarkers, miRNA and biomarkers. One or 
combination 1of these keywords was used. 

11.2.5. Results of Searrch: 
VEEVNenezuelan e -wine ien~e halitisNenezuelan e-uine ence 
Fijve results· 2ielevan~ to siRNAs: One :._ublished b nd one ublished b 
another groups; both deal with the anti~VEEV siRNA 1nAvitro work onl_y. No work with 
modified s1RNA and effect on immonomodulation. 
Chikungunya virus+ siRNA: 10 results: One deal with host s~RNA response to 
chlkunqunya virtUs~ 3 deals with anti-CHIKV activity of slRNAs. None discuss evaluation 
of m0,difi~d s1RNA agajp_st Chikungunva virus and or evaluation of immune modulati<m 
QY. native and chemicalh£ modiflea siRNA sequences. 
2'0 Methyl modification + siRNAs: 25 results· Non-modified siRNA ind1.1ces innate 
immune response via TLR7 activation: 2·0 Methyl modification In G and U residues of 
the sjRNAs Inhibit host Innate immune response. 2'0 Methyl modification of G and U 
residue in :sense strand does not effect the anti--g.ene activity of siRNAs duplex, 
however. modification in anti-sense strand lntereferes with the anti-gene activity of 
siRNAs. Ebola viru1s. Marbug virus, hepatitis virus and various host cell genes have 
been successfully targeted using the 2'0 Methvl modtfied siRNAs. 
MicroRNA and VE'EVNenaz_uelan_e_.uine_ence _haJltls vir_u_s : 2 results both from ( l 1 
(b)() one describe anti~VEIEV activit of miRNAs -and other described host miRNA 
response to VEEV in brain. No results describing microRNA as VEEV infection 
b,iomarker. 
MicroRNA + alohavirus:: tt 0 results including above 2 froml(b)(6) I Alpha~iruses have 
not been 'Shown to encode fQr mLc..t.o~8_s~SJo_db_is_yjr_u__s'=e_asJem e_guine_enc~Qhalitis 
virus and semliki fo:rest virus modulate host miRNA responses in various cell lines. 
Alphavirus based replicon particles have been utilfzed ta express miRNAs in host cells, 
No study was rep.osrteci to utilize microRNA as marker of alphavirus infection. No study 
has proposed usage of host microRNA resQonse to alphaviruses as sury_elll~~ 
biomarker at nonQsvmptomatic stages of infe..ction. 
EMCV/ encephalomyocardiUs virus+ microRNA 4 re$ult~ : 2 are relevant to EMCV and 
microRNA re-Search which deals with ITlechanistic study regarding the miRNA rfiediated 
translation .inhibition. EMCV internal ribosome entry sites llRE:Ses) was used to 
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describe sensitivity and resistant to miRNA mediated inhibition of gene translation. 0 
study was found to describe host miRNA response to EMCV infection in serum. 
MicroRNA + biomarker: 3076 results . 
MicroRNA + alphavirus + biomarker: No resu lts. +Aer-e-a,re-two- fesea.f'etl-ptJblleatioAs 
4esG~fr9 th~ use ot siRN.'\ and-mi-RNA for VEEV repliGatiGR-ffifi.~t~ese-is. 
fr~I l eSGfi9iA§4Re-wse-ef-aA4i-VE-EV-6i~iR-W#ef16l(6).(b)(4) 1-Gtf!et: 
~af*r-eesefiees-ttle-!;J&e--0f-&iR-NM-t'9-iAf::liGit-mult~?le-&tr.a~i.Y-0--{0'8r-ieR 
200+t,-Ne literatui:e w.a&-f-Ot:1f\~Gi~g-t1~A-m~~effef~Hl':li&it 
VEEV replioation in animal&. Te~ublioatiGns were-fouAd-t<H:iessA&e-miGf.<>RNA-ffi 
res~se to a~havirl:lses, Mic;mR-NA-m&Gulation in response t~phaYiFll&-infeGtions 
ha•.ie been desGribed he•t1e¥er. no literature was fouAEt to Eies<1ribe "1&e ot microR#A--as 
Diomarker of alphavirus iflfeGtion... 

111. OBJECTIVE\HYPOTHESIS: The objectives of this proposal are: 

1) To evaluate the loss of immunomodulatory activity of 2' 0 Methyl modified anti
VEEV and CHIKV siRNA duplexes. 

2) To evaluate the blood miRNA expression in the mice post alphavirus exposure. 

The hypotheses of this project are: 

1. 2'0 Methyl modified siRNA duplexes will not elicit non-specific innate immune 
response in the host that is otherwise seen with the non-modified siRNA 
duplexes. Non-specific Immune response may itself have some protective 
effect against the alphaviruses and therefore, will hamper the conclusion of 
any effect by siRNA duplexes. The long term goal of the project is to identify 
the siRNA duplexes that will inhibit the VEEV replication in the host and any 
non-specific inhibitory effect will interfere with such interpretation. 

2. Circulatory mi RNA expression profile of the host will change after alpha virus 
exposure. Specific changes in the miRNA expression may predict the type of 
alphavira.f infection. Since non-symptomatic individuals may act as carriers, a 
diagnostic marker may help in identifying such Individuals and introduction of 
preventive medical measures can be employed . 

IV. MILITARY RELEVANCE: VEEV is a CDC category B agent. VEEV has been 
developed as a biowarfare agent and is infectious through aerosol distribution. Both 
civilians and soldiers are vulnerable to VEEV exposure as VEEV is endemic in United 
States and can be potentially used as bio-terrorist agent. Current experimental vaccine 
is not licensed by FDA and has many non-responders {approximately 20%). Similarly 
CHIKV is an emerging pathogen that has caused very large outbreaks with significant 
morbidity in humans. Though CHIKV is not endemic in the continental USA now, states 
such as Florida with tropical climates and Ades albopictus as endemic mosquito 
population are at high risk of CHIKV spread. Currently there is no antiviral therapy for 
either VEEV or CHIKV infection. Testing novel strategies like RNA interference may 
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help in developing treatment for VE.EV and CHIKV infection for botll civilians and armed 
forces. 

V. MATERIALS ANO METHODS~ 

V .1. e~perimental Design and General Procedures; 
Two slRNAs targeting VEE nsp4 mRNA and the scrambled siRNA that will be used 

are as following : 

1. Vflev s1~NA 1 
Sense: 5'GCUGCGCAGCUUUCCAAAGUU3' 
A111tisense: 5'CUUUGGAAAGCUGCGCAGCUU3' 

2. Veov a1iRNA 2 
Sense: 5'AAAGAAAUlJGCAACGUCAGUU3' 
Antisense: 5'GUGACGUUGCAAUUUCUUUUU3' 

Two siRNA targeting the CHIKV nsp4 region of the viral genome will be identified in 
the in-vitro e.xperiments 

3. CHIKV siRNA 1 
Sequence: to be determinea (TBD) 

4. CHll(V s iRNA 2 
Sequence: TBD 

5. ScambfedSc_rambled RNA sequence 4G 7T 4C 6A (2 1 nt) 
5' TAGAGCGTAT TACGTATACC T 3' 

Only 76% idenl ical to 2 oryza sativa (rice) genes AP006523 AND AP008208 

V.1.1. Experiment 1: To evaluate the loss of immunomodulatory activity of 2'0 Methyl 
modified siRNA duplexes in mice, 

SIRNA Formulations: 

1.) Without encapsulation: HPLC purified lyophilized siRNA re-suspended in nuclease 
free autoclaved PBS. 

2.) With PEG-DOTAP encapsulation/complex: HPLC purified lyophilized siRNA wi ll be 
complexed with PEG-DOTAP liposomes in our collaborators laboratory (Dr. l(b)C5

) I 
NCI, Frederick. MD). 

Doses· siRNA dose of 2.5mg/kg body weight will be administered vial the tail vein. This 
dose is based on the available data in the literature where 2 to 3mg/kg body weight of 
siRNA has been successfully used in animal studies [Zimmerman et al 2006]. 

Mice: Male Balb/c, 6 - 8 week-old , 12-16 grams mice will be used in the study. 
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Sample collection: Blood will be collected at 6hr post siRNA administration via the 
cardiac puncture. Animal will be deeply anesthetized using cylinderized C02 and will be 
closely observed for respiration to cease: after a period of 10 seconds with no breaths, 
thoracic cavity will be opened to expose the heart and blood (700-900 µI) will be 
collected using a 26-1/2 gauge needle mounted on a 1ml syringe. After blood collection 
cervical dislocation will be performed to ensure the death of animal. Serum will be 
isolated and tested for an array of innate immune inflammatory cytokines 
(SABioscience, Qiagen, Frederick, MD). 

Animal housing: Animals will be housed in LAM. For this experiment BSL 1 housing will 
be needed for the animals. 

Groups No. of # Total Pain 
Animals iteration/group animals Category 

Control 
Naive 6 2 12 c 
Saline 6 2 12 c 
Empty PEG-DOT AP 6 2 12 c 
Liposomes 
Non-encapsulated aiRNAs 
Veev siRNA 1 6 2 12 c 
Veev siRNA 2 6 2 12 c 
Chikv siRNA 1 6 2 12 c 
Chikv siRNA 2 6 2 12 c 
Scrambled siRNA 6 2 12 c 
PEG-DOT AP Encapsulated/Complexed siRNAs 
PEG-DOTAP Veev siRNA 1 6 2 12 c 
PEG-DOTAP Veev siRNA 2 6 2 12 c 
PEG-DOTAP Chikv siRNA 1 6 2 12 c 
PEG-DOTAP Chikv siRNA 2 6 2 12 c 
PEG-DOT AP Scrambled 6 2 12 c 
siRNA 
Trainina 
Tail vein injection training 20 1 20 c -
usina sterile saline solution 

Total animas required 

!{{6 animals /group x 13 groups x 2 iterations/group}) = 156) + [Training animals 
(20 animals x 1 iteration)=20) = 176 

Animals in pain category "C"= -tii176 

Experiment 1: In the first experiment none of the mice (n=156) are expected to 
experience any disease as they will either receive saline or siRNA injections and 
therefore, are kept under category C. 
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As tail vein injections are not routinely done in Pl's laboratory, a group of 20 mice 
has been added as training animals. Two personnel from the Pl's laboratory will train for 
tail vein injections using 10 animals each. 

V.1.2. Experiment 2: To evaluate the blood miRNA expression in mice post alphavirus 
exposure. 

Mice: Male Balb/c and C57BU6J, 6 - 8 week-o ld, 12-16 grams mice will be used in the 
study. 

Virus Infections : TC83, CHIKV181/25 and Encephalomayocarditis virus (EMCV) will 
be used in this experiment. 1000 PFU of the virus will be injected sub-cutaneous at the 
back of animal neck. Time of injection will be considered 0 hr. 

Sample collectJon: Blood will be collected at 12hr, 24hr, 48hr and 72hr post infection 
with the respective viruses.-. Blood will be collected via the terminal cardiac puncture~ 
therefore, different set of mice (n=6/group} will be used at each of the above indicated 
time points. -at-wttiOO--t~me anima~ wm be-euthaAizad~ At each time point tM-a~nimal§. 
will be deeply anesthetized using cylinderized CO~ and will be closely observed for 
respiration to cease: after a period of 10 seconds with no breaths. thoracic cavity will be 
opened to expose the heart and blood (700-900 ul) will be collected using a 26-1/2 
gauge needle mounted on a 1 ml syringe.wH1-be-4eepiy-anestheti~using cylinaerizad 
GG2 and blGGd will be GGllested 'Jia cardiac 1:nmst~re . After blood collection at each time 
point. ce rvical dislocation will be performed to ensure the death of animal.- No repeat 
cardiac puncture will be performed on the same mouse. 

Animal rsrMsin~ : Animals will be housed in LAM. All injection with the viruses will be 
done in < in biosafety cabinet. An imals will return to LAM after the injection 
procedure and will be housed in LAM for the remainder of the experiment. After virus 
injections, animals will need BSL-2 housing conditions for the rest of the experiment. 

Groups No. of #of time 
Animals points 

Uninfected control groups: 

Na·ive (Balb/c) 6 4 

Saline (Balb/c) 6 4 

Narve (C57BL/6J) 6 4 

Saline (C578U6J) la 4 

Non-alphavirus infection control group: 

EMCV (Balb/c) 6 4 

Alphavirus infection test groups: 
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TC83 (Balb/c) 6 4 2 48 QC 

CHIKV181/25 6 4 2 48 QC 
(C57BU6J) 

Total animals required 

Balb/c = [6 animals /group x 4 groups x 4 time points x 2 iterations/group] = 192. 

C57BU6J = [6 animals /group x 3 groups x 4 time points x 2 iterations/group] = 
144. 

Animals in Pain Category C= 288 

Animals in Pain Category E= 48 

Experiment 2: 192 animals in experiment 2 will either be under na·1ve group (n=96) 
or receive saline injection (sub cutaneous) (n=96). Therefore, these animals have been 
kept under category C. 

Two groups will receive live TCB3 (n=48) or CHIKV181/25 (n=48) via subcutaneous 
injection. These two virus strains are live attenuated vaccine strains of the VEEV and 
CHIKV respectively, and do not cause disease in mice. Therefore, these mice have also 
been placed under category C. 

One group under non-alphavirus control will receive EMCV infection. EMCV causes 
full blown disease and in our earlier experience cause 100% mortality in mice in 5-6 
days post infection. The experiment will be terminated at 3 day post infection and 
therefore, animals should not suffer with the full blown encephalitis. However, since no 
analgesic or anti-pyretic drugs will be used, there animals have been kept under 
category E. 

V.2. Data Analysis: The statistical framework for designing experiment and 
estimating the sample size considers the magnitude of the effect in the control group, 
the "additional effect" (over and above the control effect) expected in the treatment 
group, statistical power to detect this desired difference between the treatment and 
control, and the alpha level. The laboratory and clinical experiments are designed with a 
statistical power of at least 80%. The alpha level is traditionally set at 5%. To observe a 
treatment effect of 60% enhancement with 80% power and 5% alpha level a sample 
size of 6 mice per group would be necessary and therefore 6 mice per group were 
chosen. To achieve maximum power, animals are randomly allocated to treatment and 
control groups in equal numbers. Since several variables are measured in each 
experiment, analyses of all variables at 5% alpha level will result in inflation of P-value. 
This inflated P-value may increase the probability of false positive result. Therefore. to 
maintain the experiment wise alpha level of 5% and to control for multiple comparisons 
in the experiment, we will adjust the P- values using statistical procedures of Tukey's 
post hoc multiple comparison. Means of quantitative variables will be compared across 
treatments and time points using 2-way analysis of variance (ANOVA) followed by 
Tukey's post hoc multiple comparisons. This will minimize the likelihood of any false 
positive results. 
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V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: The potency of siRNA to silence/inhibit 
VEEV replication have been evaluated in-vitro and two siRNA duplex were selected out 
of seven siRNA sequences that were tested. Similar approach will be taken for the anti
CHIKV siRNA and two lead molecules will be selected for in-vivo testing. Similarly, for 
serum miRNA evaluation study, miRNA changes against the CHIKV 181/25 and TC-83 
strains were evaluated to determine that viral infection indeed induced differential 
miRNA expression. However, in-vivo environment is more variable as compared to the 
in-vitro cultures and thus in-vivo miRNA expression changes will be evaluated in mice. 

V.3.2. Animal Model and Species Justification: 

Experiment 1 : 

Balb/c mice: Aim of the study is to evaluate the innate immune response of the 
mice against the siRNA molecules. Balb/c mice are immunocompetent mice and 
have been used in similar studies to evaluate the rmmunomodulatory effect of 
siRNA [Robbins et al 2007]. 

Experiment 2: 

Balb/c mice: VEEV is endemic in rodents [Day et 1996, Bigler et al 1974] VEE 
infection in mice induces the bi-phasic disease observed in humans [Jackson A 
et al 1991, Grieder et al 1995]. Because mice mimic the biphasic disease 
observed in the humans it is a model of choice to study VEEV pathogenesis. 
Several murine strains have been described as models such as BALB/c, 
C3H/Hen and Swiss CD-1 [Paessler et al 2003, Schoneboom et al 2000, Hart et 
al 1997, Grieder et al 1995, Reynolds et al 1980]. Both BALB/c and CD-1 mice 
initiate humoral antibody response following subcutaneous vaccination with TC-
83 vaccine. Balb/c has also been used to study EMCV infection and prophylaxis 
studies [Jeoung et al 2011 ]. Therefore, balb/c will be used to study miRNA 
expression following TC83 (VEEV) and EMCV infection. 

C57BU6J mice: CHIKV infection in adult C578U6J mice has been described to 
mimic the self-limiting arthritis, tenosynovitis, and myositis seen in humans 
[Gardner et al 201 O]. This model is useful in studying the pathogenesis and host 
responses. Therefore, C57BU6J mice will be used to study miRNA expression 
following CHIKV181/25 (CHIKV) infection. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 

V.3.3.2. Strain/Stock: 
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Balb/c 

Species #2 
Mouse (mus musulus) 

C57BU6J 
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V .3.3.3. SourceNendor: 

V.3.3.4. Age: 6-8 weeks 6-8 weeks 

V .3.3.5. Weight 10-12 gm 10- 12gm 

V .3.3.6. Sex: Male Male 

V,. 3.3.7. Special Con~i:derati~ns; All animals will be free of common laboratory 
pathogens, such as MHV. 

V.3.4. Numlber of Animals Reguir,ed (by S,pecies): .... 64'+118----368 144 

I 

V.3.5. ,Refinement. Redu:ctio111, ~e.placement t(l Rs): 

V .3.5.1. Refinement: In vitro experiment models do not replicate the comprehensive 
host respornses to either siRNAs or alphaviruses. We are using the lowest animal in the 
phylogenetic scale that serves well as an animal model to study alphavirus 
pathogenesis. Experiments are designed to use noninfectious strain of alphaviruses, 
thereby reducing the morbidity associated with the alphavirus infection. Further, the 
study end points are designed to be in the non-symptomatic stage of infection, which 
will further reduce the morbidity in the animals. 

V.3.5.2. Reduction: The number of anima1s to be used is the minimum number cf 
animals needed to achieve scientifically sound conclusions for the experimental 
objectives. In order to reduce the number of animals in the study, we tested the efficacy 
of siRNA to inhibit VEEV replication in cell c ulture. Only the most effective siRNA 
duplexes will be used in the proposed animal studies. For biomarker studies, we have 
con~irmed modulation of miRNAs post alpahvirus infectoon in vitro, which has shown 
differential modullation of miRNAs agafinst TC83 and CHIKV181/25. thereby establishing 
the proof of concept before beginning 'the animal experiments. 

V.3.5.3. Replacement: We lhave extensively researched for an alternative to the 
animal model for :stu·dylng immune and miRNA modulation by siRNA and alphaviruses, 
respectively. Due to the nature of the study, in vitro experiments will not yield the 
desired data and animal experiments are required to achieve the successful completion 
of the study. 

V.4. Technfoal Methods: 

V.4, 1. Pain I Distress Assessment: 

V.4.1.1. APHIS !Form 7023 Information: 

V.4 .. 1.1.1. Nl!lmber of Arnimals : 
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Sgecies #1 Sgecies #2 

V.4.1.1.1.1. Column C: 600320 144 

V.4.1.1.1.2. Column D: 0 0 

V.4.1.1.1.3. Column E: 48 0 

Experiment 1: In the first experiment none of the mice (n=-+50176) are expected to 
experience any disease as they will either receive saline or siRNA injections and 
therefore, are kept under category C. 

Experiment 2: 192 animals in experiment 2 will either be under na"lve group (n=96) 
or receive saline injection (sub cutaneous) (n=96). Therefore, these animals have been 
kept under category C. 

Two groups will receive live TC83 (n=48) or CHIKV181/25 (n=48) via subcutaneous 
injection. These two virus strains are live attenuated vaccine strains of the VEEV and 
CHIKV respectively, and do not cause disease in mice. Therefore, these mice have also 
been placed under category C. 

One group under non-alphavirus control will receive EMCV infection. EMCV causes 
full blown disease and in our earlier experience cause 100% mortality in mice in 5-6 
days post infection. The experiment will be terminated at 3 day post infection and 
therefore, animals should not suffer with the full blown encephalitis. However, since no 
analgesic or anti-pyretic drugs will be used, there animals have been kept under 
category E. 

V.4.1.2. Pain Relief I Prevention: None 

V.4.1.2.1. Anesthesia/Analgesia/Tranquilization: None 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: Animals will be kept at 
the animal housing facility of LAM for 5-7 days prior to the start of experiments and will 
receive standard care. Since siRNA duplexes are not toxic by themselves we do not 
anticipate any adverse effect of siRNA injection in the tail vein or in the brain. We do 
anticipate a transient localized discomfort due to tail vein injection. Post inoculation, 
animals will be monitored for any distress. If animal is found to be distressed post 
siRNA injection, animal will be humanely euthanized. TC83 and CHIKV181/25 are 
attenuated strain and does not cause disease in mice therefore we do not anticipate any 
adverse reaction to these virus infections. EMCV causes disease in mice; however, 
study end point of 3 day post infection is before the symptoms of encephalitis develop. 
Animals will be humanely euthanized post EMCV injection if any of the following 
symptoms is observed before the study end point: excitability to sound, more than 20% 
body weight loss, paralysis or non-responsiveness to touch. A momentary discomfort is 
expected at the time of virus injections. 
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V .4.1.2.3. Paralytics: None 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: PubMed (National Library of Medicine) 

V.4.1.3.2. Date of Search: March 26 2014 

V.4.1.3.3. Period of Search: 1985-2014 

V.4.1.3.4. Key Words of Search: Individual and combination of following words was 
used; pain, analgesic, mice, alternative, procedure. justification, VEEV, EMCV, 
CHIKV181/25. 

V.4.1.3.5. Results of Search: In regards to alternative to animals for determining loss 
of immune activity of modified siRNAs, peripheral blood mononuclear cells (PBMCs) have 
been successfully used. PBMCs demonstrate differential gene expression response to non· 
modified and 2' 0 Methyl modified siRNAs. However, to detennine the complete host 
innate immune response, final screening for immune stimulation has been done in vivo. 

In regards to the alternative to study host miRNA response to alphavirus exposure 
several models of VEEV infection such as guinea pig, mouse, hamsters and non-human 
primates. Of these, the mouse model mimics the human biphasic infection of VEEV and the 
arthralgia of CHIV infection. No alternatives to animal model were found that can 
comprehensively replicate the host response to alphavirus infection/exposure. Search for 
EMCV animal model returned around 337 published articles. These describe the use of 
mouse model for studying EMCV pathogenesis and also for vaccine evaluation. No 
alternatives to evaluation of host response to EMCV infection other than animal models 
were found. 
Animal model alternatives: Venezuelan equine encephalitis virus + alternate + animal 
model: 1 result describing adaptation and evolution of VEEV in the mosquitoes and obligate 
hosts. No in-vitro alternative models to mouse and monkey models of VEEV pathogenesis 
were found. Venezuelan equine encephalitis + animal model + alternative: 4 results; none 
relevant to alternatives to animal model. Chikungunya virus + animal models + alternatives: 
No result. EMCV + animal model + alternatives: No results. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: Majority 
of the animals in the proposed study are either under category C or D. Only one group 
of animals that may develop disease is the EMCV group in experiment # 2. The main 
objective of the exp#2 is to determine miRNA expression changes in the blood of 
mouse exposed to alphaviruses. EMCV is included as a non-alphavirus control group to 
increase the sensitivity of the miRNA correlations to alphavirus exposure. EMCV cause 
disease in mice with a mean survival time of 5-6 days. The end point of the experiment 
is day 3 post infection, therefore, it is highly unlikely that these mice will experience full 
blown EMCV disease. However, out of an abundance of caution, these mice have been 
placed under category E. 

No analgesics will be used in the study due to the concern that analgesics (NSAIDS 
such as aspirin, cyclooxygenase 2 blocker, ibuprofen, Sildenafil, acetaminophen etc.) 
results in modulation of gene expression in the host. Buprenorphine is a mu-opiod 
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receptor partial agonist and kappa-opiod receptor agonist (Sanchez et al 2008). 
Detailed molecular mechanism of Buprenorphine action is not fully understood. It has 
been shown to induce dose dependent effect on myelin associated glycoprotein 
expression and glycosylation. Buprenorphine engages both mu-opiod receptor and 
nociceptin/orphanin FQ receptor (NOP receptor) in the oligodendrocytes presumably via 
modulating activity of Src-family tyrosine kinase Fyn (Sanchez et al 2008, Eschenroeder 
eta I 2012). Buprenorphine also induce low level of interleukin 4 response in T 
lymphocytes and has also been reported to induce apoptosis in NG 108-15 nerve cells 
(Borner et al 2013, Kugawa et al 1998). Studies on molecular mechanism of 
Buprenorphine action are limited. Therefore, it is also not know if buprenorphine 
treatment will affect the microRNA expression in mice. The main objective of the study 
is to evaluate host miRNA expression in blood so as to use that information as 
diagnostic marker of alphavirus exposure. It has been well establish that microRNA 
modulate the gene expression by acting upstream of the mRNA translation step. Since 
the analgesics modulate gene expression it will be safe to assume that microRNA 
expression may also be modulated by these analgesics. In fact analgesic, 
acetaminophen is known to modulate the miRNA expression in the serum (Wang et al 
2009). Therefore, use of analgesic may interfere with the outcome of the proposed 
study i.e. identification of microRNA in serum post alphavirus exposure and their 
establishment as biomarkers, in a way that may result in false identification of miRNAs 
or inaccurate correlation of miRNA with alpahvirus exposure. 
Pain +Venezuelan equine encephalitis virus: 4 results: All described VEEV infection in 
human population. Venezuelan equine encephalitis virus + analgesics: 6 results: None 
of the six results describe use and effect of analgesic on VEEV pathogenesis and 
symptoms. MicroRNA +analgesic drugs: 210 results; microRNA + NSAIDS: 105 results; 
microRNA and opioid receptors: 18 results. Morphine, 0-0pioid receptor activation, 
cocain, µ-opioid receptor. opioid tolerance and mu-Opioid receptor agonists, have been 
shown to modulate or modulated by microRNAs. MicroRNAs have also been shown to 
play role in chronic pain development by regulating nociception and were proposed as 
biomarker of pain for better patient stratification. Anti-inflammatory molecules such as 
resveratrol, EGCG and curcumin have also been reported to modulate miRNA 
expression. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: N/A 

V .4.3.1. Pre·surgical Provisions: 

V .4.3.2. Procedure: 

V.4.3.3. Post-surgical Provisions: 

V.4.3.4. Location: 

V.4.3.5. Surgeon: 
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V .4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1. Procedures: 

V.4.3.6.2. Scientific Justification: 

V.4.4. Animal Manipulations: 

V .4.4.1. Injections: 
• Experiment # 1: siRNA duplexes with or without encapsulation will be 

dissolved in nuclease free sterile water and will be injected one time in tail 
vein using 30 gauge needle in a maximum volume of 25µ1. 

• Experiment # 2: Virus will be suspended in sterile 1XPBS and will be 
inoculated subcutaneously using 26 gauage needle in maximum volume of 
100 µI dorsally at the back of neck of the mouse. 

V .4.4.2. Biosamples: 
• Experiment # 1: Blood will be collected at 6hr post siRNA inoculation via 

the cardiac puncture. 

• Experiment# 2: Blood will be collected at 12hr, 24hr, 48hr and 72hr post 
infection via cardiac puncture. 

V.4.4.3. Adjuvants: None 

V.4.4.4. Monoclonal Antibody fMAbs) Production: None 

V.4.4.5. Animal Identification: Cage cards 

V .4.4.6. Behavioral Studies: N/A 

V.4.4.7. Other Procedures: NIA 

V.4.4.8. Tissue Sharing: NIA 

V .4.5. Study Endpoint: 

• Experiment # 1: 6hr post inoculation of siRNA duplexes at which time animals will 
be euthanized and blood will be collected via cardiac puncture. 

• Experiment# 2: 12hr, 24hr, 48hr and 72hr post infection at which time animals 
will be euthanized and blood will be coflected via cardiac puncture. 
For animals infected with EMCV. maximum time animal will be held is 72hr post 
infection. However, if symptoms such as ruffled fur. lethargy, sensitivity to sound. 
shivering. and paralysis are observed in infected animals, animals will be euthanized 
and removed from the study. 
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V.4.6. Euth~1ta_sJa: Animals will be euthanlzed at the study end points according to the 
.2013 AVMA Guidelines on Euthanasria. For terminal blood collection via cardiac puncture 
animals will be sedated using eyllndertzed C02, after the blood collection cervical 
d1slocation wlU be done to ensure the death of animaL All euthanasia procedures wlll be 
performed in LAM, Pl orl<b)(BJ ~nd autliottzed LAM personnel wlil coordinate and 
will be responsible tot the eutihanasia. Disposiil of BSL-2 car~asses will be handled In the 
manner descr1ibed in VII BiohazardlSafety. 

V;S.1. Hus_ba.ndry ConsldemJlt:Jos: Except as noted below. routine animal husbandry 
will be provided in ~ccon1ance watn LAM Husbandry SOPs for each species in this 
prrotoeol. Animals under exf;)erlment #1 will be housed in BSL-1 cond1tlons, Animals 
under experiment# 2 will be hroosed in BSL-2 housing conditions. 

V.5.1.1. Stu(jyRt>O'M: LAM 
sullaing(s) ... e_)(6_) ____ _ Room Number(s)_ll6_><

6_l ____ I .... ~-
V .5. 1.2, Snee.la I Husbandrv Pmvi$ions: 

Yes No x 

Ftuid Restriction; Yes No x 

V.5.1.3. EXCJ:isrtlu_n_~: 

V.5.2. YeterJrnary Medical Car~: 

v .s.2.1. Routine Veterinary M~dical Care: Animals wlll be monitored for health, 
humane treatment. and husbandry considerations, twice daily by LAM veterinary 
technicians during routine weekday rounds and at least once on weekends/holidays. 
This 1is i1n addition to. and not in place of. the monitoring that is done by the principal 
investtgator and their staff. In the event of a debilitating illness or adverse reaction, the 
decisijon to treat or euthanize an animal will be made by either the veterinarian and/or 
principal 1investigator, If mice are found showing increased distress such as ruffled fur, 
hurnchefd posture, weight loss and lethargy, animals will be removed from the study and 
wiiU be humanely euthanized as described in the section V.4.6. 

V.5.2.2. Erne,rgency Veterinary Medical Care: All emergency. weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and ain on·call veterinarian. Essential husbandry procedures ahd health 
rounds are conducted by LAM personnel once daily during weekend and holidays. In 
tlhe case of an emergency health problem1 if the responsible person (e.g. Pl) is not 
available or if the investigator and veterinary staff cannot reach consensus on 
t:reatment, the veterinarian !has the authority to treat the animal, remove it from the 
experiment, institute appropriate measures to relieve severe pain or distress. or perform 
euthanasia if necessary. 
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V.5.3. Env1ironmental f~ntichment 

V.5.3.1. Enrlchmenit Strate.gx: Except as indicated below. all animals on this 
protocol will be prnvlded with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. IExamp'les include nestlets and tunnels for rodents. 

V .5.3.2. Enrichment Restrtcjion.s: 

VI. S_T_UDY_eERS~O__NN_ELil!UALIFliCATIONS _ANO_TRAIN~NG: 

STUDY p,eRSON 1NEll.. QUALIFICATIONS/TRAINING 
Ouallficatlons of person 

Protocol activity or performing activity (e.g., 
pr1o~edurre (e.g., tail vem Name of person research technician. 2 yrs 

1-'i""'1n'~1e .. ct=.lo;..;.;n:s;.<...;;..'e1u=t=hs;;..;.;n=as;;;..;;1a=1i~ll'lip'ii.e1-rfo.;...ffl_1 .... 1n....,;..qa.;..ot .... 111l'""'tv......_...i,-:e::-:x,12er1enee) 
Injections. (o1<1i> Pl. >30 years of 
eutharnasla, lblooo experience with the 
collection. mice model. 

Tail veln and :sub 
cutaneous 
i~njectlons. 
l1nlectlons. 
euthanasia, blood 
coUe,r;tion 
T a1il vein and 1sub 
cutaneous 
l!njection, 
eulthainasia, blood 
collection 
Injection, 
euthanasia, 
collection 

lnje,i;;Uons, 
euthanasia, 
coilection 

blood 

blood 

Pl in several IACUC 
rodent protocols at 
lJSLJHS. 

Research assoGiate. > 
10 years of experience 
with the mice model 
stiudying viral disease. 

Post-Doctoral fellow, 7 
years of experience 
handling mice. 

Post·Doctoral fellow, 7 
years of experience 
handling mice. 

Graduate student. 3 
years of experience 
handling mice 

Specific training In this 
activity or procedure 
{e .g., rodent handling 
class 1.;:;.;99~9~1 ----1 
Rodent handling 
training class 2006, 
USUHS Investigator 
Training Course 

Pl train ing 2003 

Rodent handling 
training class 2002 
and 2006, USUHS 
Investigator Training 
Course (2006). 

Rodent handling 
training class 2008, 
USUHS Investigator 
Training Course 
2007. 
Rodent handling 
training class 2008, 
USUHS Investigator 
Training Course 
2007. 
Rodent handling 
training class held 
on 08/17/2010, 
USUHS Investigator 
Training Course 
08/1712010 

VII. BIOHAZARIDS/SAFIETY: TC83 ana CHIKV181125 strain of VEEV and CHIKV 
tespectiively, are attenuated and have bee111 excluded from select agent regulations. 
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Because of the low l·evel of pathogenicity. TC83 and CHIKV181/25 can be safely 
!handled under BSL-2 conditions without vaccination or additional personal protective 
equ·ipment (Page 243; Appendix B: BMBl..5-section Vlllf).. All the injections with the 
viruses will be done in the blosafety cabinet in the BSL2 la~(b)C6> I 

Transport of animals between BSL-2 rooms AND the Pl laboratory or LAM 
Euthanas'ia room will be carried out as follows. The research staff will decontami1nate 
cages and carts w ith an appropriate disinfectant (e.g. MB-10) be.fore moving animals 
though command access areas. Cages will be double-bagged and taped closed in the 
clear bio!hazard waste bags kept in the BSL-2 room. The bags will be sprayed with an 
app·ropriate disinfectant. Carts will be sprayed down as well. especially the wheels. 
Allow disinfectant contact time of 3-5 minutes. 

Procedures after euthanasia of BSL-2 animals will be carried out as follows. Animal 
carcass1es will be doubled bagged and taped (include burn card) in clear autoclavable 
biohazara bags. Cages will be double bagged and tapped in dear autoclavable 
biohazard lbags as well. but separate from the carcasses. The downdraft table, C02 lid, 
instruments and any other surfaces that became contaminated will be disinfected by the 
person performing the euthanasia (e.g. research staff) and ariowed contact time of 3-5 
minutes. The double bagged cages and carcasses will be dropped off in autoclave 
room(!b)(6) fr11e bagged carcasses will be placed in the white biohazard container. 
The bagged cages Gan be left on the floor. LAM will autoclave the carcasses/cages and 
dispose of them. 

\/111. ENCLOSURES; Appendix A: References 
Append ix B· BMBL5-section Vlllf 
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As the Principal Investigator on tihis protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The an'imals authorized for 1use in this p:rotocol will be used only in 
the activi~ies and in the mann,er described herein, unless a modification 1is specifically 
approved lby the IACUC prJor torts implementation. 

B. OupHcaUon of Effort: 11 have made a reasonable, good faith effort to ensure that 
this protocol is not an un1nece;ssary duplfication or previous experiments, 

C. Stalistical .Assurance: l assme that I have co1nsulted with an Individual who is 
qualified to evaluate the statistical design oir strategy of this proposal, and that the 
"minimum number of animals needed for scientific valid'ity are used." 

D, Bi(ohazar.oi\Safety: I have taken into consideration and made the prorper 
coorainatio:n regarding all ,applicable rules and regulations concerning radiation 
protectiion., b1iosafety, recombinant issues, and so fortth, in the rpreparation of this 
protocol. 

E. fr,alning: I verify that the personnel performing the animal procedures I 
m1anipulations l observations described in this protocol are technically competent and 
have lbeen properly trained to ensull'e that no un1necessary pain or dlstr1ess will be 
caused to the aniima1ls as a result of the procedures I manipulations. 

f. Trai1ning: I verify that I have artendied the USUHS Investigator/Animal User 
Tr ·-· T -

3 (i.t/J11 
Date 

G. Training: Tlhe following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility~ I acknowledge the inheren·t moral, ethical and administrative 
obligations associated with lhe performance of this animal use protocol, and I assure 
tihat all indiv1iduals associa~ed with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the 000 has embraced, namely, 
"Responslbillity" for imp!lementing animal use alternatives where feasib~e and conducting 
humane and la - I re · ·· r ' _ 

Princ1p~r1 1)1west!gator ·· gnature 
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I. Pai'nful Pr.ocedure(s); 

I am condiuoting biomedical experiments which rnay potentially cause more than 
momentary or slight pain or distress to animals. Thlis potential pain and/or distress 

. Will NOT lbe relieved with the use of anesthetics. analgesics and/or tranquiHzers. I 
!have considered altematives to such procedures; however, using the methods and 
sources descriibed in the protocol, II have determined that alternative procedures are not 
availa 1b:le to accomplish the obiectlves of tll~s proposed experiment. 

r )(B) 1 3/ 2 S / ILf 
Priiflltipal Investigator Signature Date 
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X. PROT10COL ABSTRACT: 

A.ArnJmal Protoco~I Ni.unhe_t; 
B.,Animal 1Pr@tocol Tiitle: Post·transcriptional silencing of Venezuelan Equine 
Encephalitis Virus (VEEV) RNA for developing an antiviral therapy against exposure 
with VEIEV. a bio·warfare agent (in mice). 

C. Princi pa_I Investigator: l._<b_H
6_1 ______ ___. 

D, Performing Organizatioh: USUHS 

E. Funding: Defense Threat Reduction Agency (DTRA) 

F. Objective and Apgr;oach: The objedives of this proposal are: 

1) To eva1lualte the loss of immunomodulatory activity of 2·0 Methyl modified anti· 
VEEV siRNA. duple)(es ln mice .. 

2) To determine the miRNA expression in the blood of mice exposed to 
alphaviruses. 

Ear11ier 1report have shown tihat 2· O Methyl modified siRNA duplexes do not elicit a 
nan·specific innate immune response in the host that is seen with the non~modified 
siRNA dup~ex~s. Non-specific immune response may itself have some protective effect 
against the VEEV and therefore. will hamper the conclusion of any protective effect by 
siRNA dup~exes. The long term goal of the fptojeet is to identify the siRNA duplexes that 
wUI inhibit the VEEV replicatijon in the host. any non~specific inhibitory effect thus will 
interfere with such intenpretation. Host rniRNAs have emerged as novel diagrmstic; 
biomarkers for various diseases. MIRNA changes in the serum have been suggested as 
a potential mark.er of disease and injury. In this study, host blood miRNA profile will be 
determined Ito identify potential diagnostic and prognostic biomarkers. 

G. lnt!lex1nq Term~ (Oescriptt>rs)~ mice. RNA interference, siRNA, VEEV, CHIKV, 
al:phaviruses, biomarkers, muRNAs, diagnostic markers. 
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Section \1111-F: A1rboviruscrs and Reh.1ied Zoono1ic Viroses 

:In 1979. the American C'ommittee on Arthropod-Borne Viruses (ACAV) 
Subcommittee 011 Arbovirus Laboratory Safety (SALS) first provided biosafety 
recommendations for each of the 424 'Viruses then registered in the ll'ltemational 
Catalogue of Arboviruses. including Certain Other Viruses of Vertebrates. 1 

Working tog~ther, SALS, the CDC and ll'ie NIH have petiodically updated the 
ca'.talogue by providing recommended biosafety practices ana containment for 

arbo11i11uses registered since 1979. These recommendations are based, in part. 
on risk atsessrnents derived from information provided by a worldwide sorvey of 
laboratories working with arboviruses. new publlsneti reports on the viruses. as 
well as discussions with scientists working with each virus. 

liable 6, located at the end of this Section. provides an alphabetical listing of 
·597 viruses and includes common name, virus family or genus. acronym, SSL 
recommehdatlon, the basis for the rating, the antigenic group' (If known), HEPA 
filtration requirements. a1nd regulator} requirements (i.e., import/e)(port permits 
from either the CDC or the USDA). In addition, many of the organisms are 
e'la.ssified as select agents and require special security measures to possess. 
use, or transport (See Appendix F.) Table 4 prollides a key for the SALS basis 
for assignment of viruses listed 1n Table 6. 

Agent summary statements have been included for certain arbovlruses. They 
were submitted by a panel of experts for more detailed consideration due to one 
or more of the following factors 

• at the time of writing this edition, the organism represented an emerging 
p:U'olit health threat in the United States: 

• the organism presented uni~ue b1ocontalnment challenge(s) that requ1red 
forther detail: and 

• the ·organism presented a significant nsk of laboratort-acquired infection. 

These recommendations were made rin August 2005; requirements for biosafety, 
shipping. and select a·gent registration can change. Please be sure to confirm the 
rrequlrements with the appropriate Fe"1eral agency. If lhe pathogen of interest is 
:one llstet!l in Appendix D. eohtaet the USDA for additional biosafety requirements. 
USDA guidance may supersede the Information found in this Chapter. 

Recomme:ndat1ons for the containment of infected arthropod vectors were 
drafred by a 'Subcommittee of the American Committee on Medieal Entomology 
(ACME). arnd 1circulated widely among medical entomology professlonals. (See 
.Appendil( E.} 
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Some commonly used vaccine strains for which attenuation has been firmly 
established are recognized by SALS. These vaccine strains may be handled 
safely at BSL.-2 (Tat:>le 5). Tihe agents 1n Table 4 and 5 may require permits from 
USOAIDOC/OHHS 

Table 4. Explanation of Symbols Used in i abfe 6 to Deflnll BHls for 
Asslgnrneni of Viruses to Biosafety Levels 

Symbol Definition 

S Results of SALS survey and information from the Catalog ' 

IE lnsulfic1ent experience with 111fus 11'1 leboratory fac1hb1n with low bloconta1nmenl 

A Add\t1onal cntetia 

A 1 Disease In sheep, cattle or horses 

A2 Fatal numan laboratory infechoo-probably eero•ol 

A3 Extensive laboratory experience and mild natur& of 1&ro11ol laboratory mfections 
juatirtee BSL-2 

A4 Placed 1n BSL-4 based on the clote antigenic relationship with 1 known BSL-4 agent 
plus ln&llfioent el(J>enei'lee 

A5 BSL-2 aronaviruses are not known lo cause aelious acute d1seaae In humana and 
are not ec1.1tely pathogen'.c for iaboratory anlmals 10clud1nQ pnmatos In 111ew of 
repor1ed high frequel'icy of laboratory aeroso1 1nft<:tion In worilera manipulating high 
conoehlrat1ons of f'lct11nd& v1ru,, rt Is strongly recommended that work with high 
concentrations of BSL-2 arena111fuses be done at BSL-3 

A6 Level assigned to prolOrype Of wtl<Mype virus. A k>Wer level may be recommended for 
variants with well·deflned rectuced virulence charactenatlcs 

A 7 Pieced al thoa b1osafety level 'baaed on cloae ant19en1c or genetlc relallonal'llp to other 
viruses 1n a group of 3 or more viruses. all of which ire cla11111fled at th111 level 

AS 8SL·2 lhanta1111usea .are not known to cause laboratory 1nfect1on1, overt disease 
In numan&. or ,&evere disease in expeilrnefttal pnmates Beeause of antigenic and 
biologic ielat1onshlps to highly pathogenic hantawusH and the hkelthood that 
ei<perimentaUy infected rodents m:lty shed large amounta of wus. 11 1s recommended 
H1at work with hlgh con<:4'1nt.ralions or expiirlmentally infected rodents be conducted al 

BSL-l 
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T'abie 5. Vaccine Strains of esr1.,.~3 and 8SL-4 Viruses that May S(! Handl@d 

H BSL.·2 

Virus Vac-eine Strain 

Cnlkungunya 181125 

Junln Candid 1#1 

Rift Valley fe"\lef MP-12 

Venezuelan equine enc:ephalomyelm TC83& V3526 

Yellow fever 17·0 

14-14-2 

!Based on the recommendations listed with the table.s, the following guidelines 
1s1nould t:le adnered to where applicable 

Viruses with BS1..·2 Co.intainment ·Recammenctea 

ihe irecommendation for conducting work with the viruses listed in Table 6 at 
BSL-2 are based on 'the existenee of historical laboratory el<perience adequate 
to assess the risks when working with this group of viruses . This Indicates a) no 
·OVer;t laboratory-associated Infections are reported, b) Infections resulted from 
exposures other than by infectious aerosols, ore) if disease from aerosol 
1e)(posure Is documented, 1t is uncommon. 

Laboratory Safety and Containment Recommendations 

.Agents listed in this group may be present in blood, CSF. various tissues, and/or 
Infected arthropods, depending on the agent and the stage of infection. Ttie 

primary laboratory hazards comprise accidental parenteral inoculation. contact of 
the virus with broken skin or mucous membranes, and bites of infected laboratory 

rodents or arthropods. Property maintained BSCs. preferable Class II, or other 
appropriate personal protective equipment or physical containment devices are 
used whenever procedures with a potential for creating infectious aerosols or 

splashes are conducted. 

BSL-2 practices. containment equipment, and facl!ities are recommended 

for activities with pote'ntially infectious clinical materials and anhropods and for 
manipulations of infected tissue cultures, embryonate hen's eggs, and rodents. 

Large quantities and/or high concentrations of any virus have the potential 
to overwhelm both innate immune mechanisms and vaccine-induced immunity. 

When a BSL·2 virus is being 1produced in large quantities or in high concentrations, 
additional risk assessment is required. This might indicate BSL-3 practices, 

including additional respiratory protection. based on the risk asse.ssment of 

the proposed experiment. 
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Viruses with BSL-3 Containment Recommended 

The recommendations for viruses listed in Table 6 that require BSL-3 

containment are based on multiple criteria. SALS considered the laboratory 

experience for some viruses to be inadequate to assess risk, regardless of the 

available information regarding disease severity. In some cases, SALS recorded 

overt LAI transmitted by the aerosol route in the absence or non-use of protective 

vaccines, and considered that the natural disease in humans is potentially 

severe, life threatening, or causes residual damage. 1 Arboviruses also were 
classified as requiring BSL-3 containment if they caused diseases in domestic 

animals in countries outside of the United States. 

Laboratory Safety and Containment Recommendations 

The agents listed in this group may be present in blood, CSF, urine, and exudates, 

depending on the specific agent and stage of disease. The primary laboratory 

hazards are exposure to aerosols of infectious solutions and animal bedding, 

accidental parenteral inoculation, and contact with broken skin. Some of these 

agents (e.g., VEE virus) may be relatively stable in dried blood or exudates. 

BSL-3 practices, containment equipment, and facilities are recommended for 

activities using potentially infectious clinical materials and infected tissue 

cultures, animals, or arthropods. 

A licensed attenuated live virus is available for immunization against yellow 

fever. It is recommended for all personnel who work with this agent or with 

infected animals, and those entering rooms where the agents or infected 

animals are present. 

Junin virus has been reclassified to BSL-3, provided that all at-risk personnel 

are immunized and the laboratory is equipped with HEPA-filtered exhaust. 

SALS also has reclassified Central European tick-borne encephalitis (CETBE) 

viruses to BSL-3, provided all at-risk personnel are immunized. CETBE is not a 

registered name in The International Catalogue of Arboviruses (1985). Until the 

registration issue is resolved taxonomically, CETBE refers to the following group 

of very closely related, if not essentially identical. tick-borne flaviviruses isolated 

from Czechoslovakia, Finland and Russia: Absettarov, Hanzalova, Hypr, and 

Kumlinge viruses. While there is a vaccine available that confers immunity to the 

CETBE group of genetically (>98%) homogeneous viruses, the efficacy of this 

vaccine against Russian spring-summer encephalitis (RSSE) virus infections has 

not been established. Thus, the CETBE group of viruses has been reclassified 

as BSL-3 when personnel are immunized with CETBE vaccine, while RSSE 

remains classified as BSL-4. It should be noted that CETBE viruses are currently 

listed as select agents and require special security and permitting considerations. 

(See Appendix F.) 
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llnvestigafiona'I vacoines for 1eastern 1equine encephalomyelitis (EEe) Virus, 
Venezuelan equlne encephalitis (VEE), western equine encephalomyelitis (WEE) 
virus, and Rift Valley fever viruses (RVFV), may be available In limited quantities 
and administered on-site at the Special Immunization Program of USAM~llD, 
kitiated at Ft Detrick. Freder1lck, MD. Details are available at the end of this sectiori_ 

The use of investigational vaccines tor la15oratory personnel should be 
considered if the v-accine is available. Initial studies have shown the vaccine 
to be e,ffective in producing arri appropriate immunologic response, and the 
adverse effects of va.cc1nalion are within aoceptable parameters. The decision to 
li'ecomrneM vaccines for laboratory personnel must be carefully considered and 
!based on an risk assessment which includes a review of the characteristics of the 
agent and the disease, benefits versus the risk of vaccination, the experience of 
1the laboratmy personnel, laboratory procedures to be used with the agent and 
the contraindications for vaecination including the health status of the ernployee, 

IJf the lnvestlgat1onal vaccine is eontraindicated, does not provide acceptable 
reliability for producing an immune re~ponse . or laboratory personnel refuse 
vaccination, the use of appropriate personal protecti11e equipment may provlde 
an alternative. Respiratory protection, such as use of a PAPR should be 
considered in areas using organisms with a well-established risk of aerosol 
lrnfecti1ons in the laboratory, such as 'VEE viruses. 

Any respiratory protection equipment m1..1st be provided in accordance with 
~he institution 's riespiratory protection program. other degrees of respiratory 
p.rotection may be wartaflted based on an assessment of nsK as defined in 
Chapter 2 of this manual. AH personnel in a laboratory with the infectious agent 
must use comparable personal protective equipment that meets or exceeds the 
rrequiliements. even if they are not wori<.ing with the organism, Sharps precautions 
as described undi'!:r BSL-2 and 8SL·3 requ1rernents rnust be continually and 
s'trictly reinforced, regardless of whether investigational vaccines are used. 

Non-licensed '1Jaccines are available in limited quantities and administered 
on-s1te at the Special Immunization Program of USAMRllD. IND vaccines are 
administered under a 1cooperative agreement between the U.S. Army and the 
ttndividual's requesting organization. Contact the Special Immunization Program 
lby telephone at 1(30f) 619-4653. 

enhanced BSL-3 Containment 

Situations may arise for whicti enhancements to BSL-3 practices and equipment 
are required; for example, when a BSL-3 laboratory performs diagnostic testing 
on specimens from patients with hemorrhagic fevers thought to be due to dengue 
or yellow fever viruses. When the origin of these specimens is Africa, the Middle 
East, or South America. sl!lclil specimens might contain etiologic agents, such as 
arenaviruses; filoviruses. or other viruses that are usually manipulated in a BSL~4 
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"')'r11rt<'t"1\• 

di\li<lct.I into five cllh<li1~. Iii l!•tal. !ii) \'oluntccrs (3$ nicri. 24 
women) ,rcc!livcd the Cl·llK vuccim:. 1mJ 14 volunte~rs (12 
men. 2 .-omen) n:ccivcd the plawho pn:paruiion. Si,.ty 
(ll:!'Yo) of the: 7J \lult111teers were Caucuiun. 1111<:1 13 wen: 
either I\ lrican-Amcrlc11n (5 pcrsuos). Asiau ( S persons). or 
lli~JlMli(' (3 p<:rl<Oft.9 ). 

'nu: vuccinc nr pluo;ebo ~\US admi11ist~n:J tt~ a 0.5 ml dl'IKC 
of° either llll' rcc.-onstitutcd vuccirtc <-10' plaquc•formlng 
11ni1« lplli1/1losll)ur pl:wcho b.v Injection ~uh~utaneou~ly over 
the llcltoid musi;le. Neither the vtlittncccr nM the investiga· 
tor~ hew whether \•irus vr placebo lluid wni- ullmini\tcn:d 
until oiler lhc completion of rhc study. Aller inoculution. all 
vuluntccr.. r.:1m1incd in Ille vicinity or the clinw tllr JO min· 
111c, for nti~crvntion or imrnc.limc rc11ctil'tl.,. v,1tuntccr~ ~uh· 
~cqucmly n;tumcd for clinic;il chc11ks on s111dy f)uys 1-4. 
IO. 14. itnd 2K. l'llf11111c1crs csamineJ ;ind n:<:onlod m 1t1c~c 
tim.ss lnc1tKkd lucal puin. 1cn11..,mcss. ~;irmih , crythianu. anti 
indurnlinn m 1hc inoculmion sHc. and limited range ot' am1 
111twcnw111. sys1c1nk sii;ns and >'Ylllfl!Oflls notca in~ludcu 
1(;111p1mlluf\:, s1thjcc1ivc Fever nr chills. mofoi~c. 11rthralgia. 
f1nhtit~s. rli)'i1lgi11. ru~h. rn1flh1s. ~<'ltt thl'Oiil, p!'il'>tojlhr>llia, 
hcudaclic. 1rnore.~1u. na11sc.i. mHl vo1niting. Rcuetlons wcr1: 
1j\Uuii1il11tiVC:Jy SCOF,;d on th.: b11,iS i1f ~CVCril)' of symptom,;: 
iO = twn.:, I ,. mild. syn1ptom w11 be isnorcd; 2 = mod· 
crate, >tyn1pttin1 uJ·lcct~ 11c1ivity: and 3 "' ~vcn:. ~ym1>1on: 
requires 111111l!_CC•i.:s}. Vulrnth:crs were give11 11 Jisp(1 ~t1blt1 
thermometer onJ instrlictcJ to r.:port to the research nurs~ 
or ph)8iciu11 whem:vor lhcy ~ll>JlC<.:lcJ u rcuclio11 Ill the vuc· 
dnc. A phy~iciun invc~ligntor W<l~ f1 \ldilnblc <lll n H·huur 
basis thro11gh0Ltt lhc stuJy Ill screen nny subject who l'C· 

port1."<l ~uspc1.1cd vilccinc ~idc clfo~h. 
B lovd for the 5nf'i.:ty s~rccn indu1lcll complel<: li!Md 

cnunts wi1h di lforential. platelet i:ount. clicm i>try punc I 
(c!4;<;trolyle:i;. glu1."(1se. bloo.J urc11 nitro~e11. ctcalinine. &lu
cosc. calcium. phosphc'rn~. abpartnt;,: 111ninotri111i;f"rasc 
(AST). alanine aminotran~ll:rase (ALT). tot:il kilirubin. and 
;1lkaline phnspltutusi: ) anu urinnlysis otitairied on D:1ys 0. 14. 
:md 28 after inoi:uhllion. Clinical labliratory tests were per· 
fonned by licensed. commercial pa1hok1gy h1bomtori1:s ap
pmvc<l b)' tho Aml.lrkwt Collc11.c nf Pathology. llkioJ for 
CHIK serology wa~ oht;1incd nn Da~s O. I J. 28. 42. 180. 
m11I 365 a Iler v11cc.ina1io11. 

Scrnlogi<? procedurcN. Scrn wcrc u~~uyecl for 50% 
plaque-reduction 1wutrah1.a1ion test ( PRNT,.,) antib00y." 
modilieJ for u!<C with the vaccine strain or l'HI K.11 The as-

'">'" \\Crc pcrlimn(d by the l>i11gno•tic S) sh!lns Divi.ion 111 
l ISAM RUD. ·"- posiriv( antihoJy titer wa% cn11sidcted to i'ic 
::.. 1 :20 hy Ilic Pl~N r,1 ossuy. Ille end-point titer wth cX· 
prcs;;c,t 1111 ~ recipmcul ol' the hiJl,hl!st initi11l dilution thal 
uclll(llt!!-tratcJ .i!:)0% rcJ ucli<m i1l the numl'>cr of pluqucs for 
th(! ove111ge virul dnsc. I.cs~ 1!1an 50111. nc1nraH.1.1.11ion b>' the 
mitiul Scrum test dilution of I: JO w11s n:portcll u!I S. 

Stalhtiu ! method~, I.Zoch wlunlccr·~ cl1nic11I rcac1l1, 11s 
und sc"Jlogical n:sulls were ontcrcd into rl'>c cumpulcr bi:forc 
th1i study C(lJc Wltii brokc::n. Roth the clinical and 1hc cli.nical 
111t'ol1rutury nl$!)(JllSCs fl) vaccine versus plu~ebo wen:. com· 
pured w;ing Fi~hcr~ cx11c1 tests. evah1atcd ut two·IDikd (P 
= 0.05). 

Kl s111 rs 

V ultrntt·t·r r4·tenti11n. One volunteer whose ~c.n11n imer· 
fcrccl llOJMpccl til:ully with the amibouy assay wu ... not in· 
thll.IC<.I in 1hc ~cro!ogi..:lll <lllllly~is. lltus. 72 VlllUlllecrS (38 
of .~., L'MIK v11ccfnt-cs 11ml 1111 14 rluccl:lo vnccinccsJ were 
c.:v11luat<l.'.d :;crol1>11.ict1ll} und all 73 volu111een; were evaluated 
lbr sidl.: ellcct~. Only ihrcc or .lo~ scheduled btuou spcci· 
mens were ohtllineJ n IT schcdtt le. cuch from a dilfcrt:nl 1101 • 

untccr. Oile l)i!y I ilil scrt11l1 wa~ C.llltlalcd nri Da} 270. one 
f>•J .l<~s scrum wu donated nn l>uy .l8S. antJ one Day .\6$ 
-.:rum was illlt 'lbt'uincd. 

l 1uflil f~acl ions. l"he number of volunteer~ v.•h,) expc:ri· 
cncea 1mc ur mo1-v lncul symptoms nr signs was 12 (20%) 
of ~·l C'l llK nc.:cinc<:s. and .'l i21%> of the 14 pla~cb!> con· 
trols (Table I). 1 he !cw reaction~ not.:d at the immu11i1:ulio1i 
,jte \Verll tlWBtiubl) tlli!d, cxtcpl •lllC ('I If):. volunteer who 
dcv<:lopcd Jll•)dcrntc intcrmin.;nt p11in in her inn.:ulutcd onn 
l-..:t\Vcc1~ 12 uni.I 48 h<lui's 11llcr itrimunizilti<.lll thut was os· 
"lciutcd with a rnildly pruritic cC7cftlu· likc r11~h Ill th~ vuc· 
dnution ~ile. 

Sy~tcillic r<:!lclion~. lhc CHIK vaccine was well toler
nh:d. L~~tept for tturnm:lll urthrolgi11. ~ystcmic !>)'rnptom~ 

were no mfln: kc411<.~it flr scwrc in <'HI K vuccincc$ them in 
pla~eb<> rcdpicnts (1i!hlc 1 ). The l>nly i1<:vcrc ~ystcmic symp· 
tom" ·n:portc<I uf\er Cl II K •Occim11io11 occum:d iii two in
dividua I.; who trcatcll their hc11dach..s "'i th analgesic~ for 
one duy. Ni11ctccn (32%) ufCHfK vaccinccs haJ symptoms 
judged 10 be pc1ssibly ll~S(>ciatet.I with imn1unil-11tio11. com· 
pared 10 4 (29%) of placcb.> recipients. or th.:~ itntnuni· 
ntioll-:as5'.,ciutcd reactions. no C.:l IJ K vacdncc Jcvdvpcll u 
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TAm.~ :! 
Arthr>lll!ol<I 1n \'olunlL'Cn< 1n>mU01Ll'<i with the ~h1kllll!!-llll)'U vaecuic 

11 M\111 mt<:rri\1ncm ;parn <fl the kll 1>lb"'" b.:i;.lmuni!- Oliy 4 
1(1:l,Ultl 2~ hollr$ I 

I'> M,;,f«ml.:> f'""' 1~ Ilic Ion wrlitt on Ouy 1 11u.1cd lo 111111· 
ute~) 

:!:! MUd artlu.Jl!!1U 1n th.: l ~tl hund "" l>n.v I I lh1~1cd ·1 f.,u,,<t 
J:? ~-) ll0Ull lll'upisod1c pmn 1ust111~ l!i mimucs 1n lc O ·el< 

1\oW lltlll \tll 1sl "'" l},1yR I. 2. null ~ 11~11 l iln11r:.f 1~pi11~ 
.13 Mli<J lctl k11w 1111J _'lhli,th p:un on r.)ay I (lasted i. 11111.lfs) 

1cmpcmturc dllV~lion > I 00.0"E um.I a!Cbrilc. llu• hl..~ syinp-
111111' uccum:tJ with ~•mihtr f requency in v11tdnhlcu anll Jlla· 
cch<1 recipients ( lahk I). Five (l:l'Vo) olTI 1111: va1:1:1ncc~ 13 
m~n. 2 wom~nl had mu1xic111 :inhruii:lu wi,1'111111 untiritit: 
~i,gn~ or a>~otJiAtc.J llu·lik" ' )°1lllj'llh111:1 flal'th! 2) ' l"hl.· n11>St 
.~c<l.ii'i:I)' ulfo:kd 'lnh111k..:1· (No. )2, T11nlc 2) •ull\m,;,I ruln 
in her lcll cllltlw Md wri~I whid11re1qulrc1l her 111 ,1np 1yr111g 
cpbntllcully over lhft.."C <luys. N<1 plt1ccho ro~lriclll rc1,orl,;d 
11rllm1illl11 al lilly time. and no Cl II K vucciucc rn1wr11:!1 Joi nt 
~.)l lllPIOlll~ bOIWCCn 'l>uy 14 uml IJll}' 3fl0. the ncrittd o r fll\.\ · 
. ~ivv Mii voit1u11ci:. 

CllnicHl lliborittor,y t1•s11ll~. Nn cll11iN1liy ~·J~11ilicm11 11b· 
111•r11111l h1homlort icsls \YCfc nil•lcil i11 "">' voh lnlC:t.lf, No si~
nilkmu diOcrencc csi~lcd ,in Ill~ f'<-'l'<ic11111i.ie (If C'l llK a11,1 
1il11cchu-gro11p v11l1111lcors w:110 ,lrn1a Qlu1ornrnl luhor111tiry l.:~h 
111 h1i-clh1c or 111 1111i;t-11ucd11i1lion (d11111 11111 Sllm\'<ll·l· 

~l"l'Clloitil'lll l'l'~llll,, l· li\)' · NCVCll (11ll.J%) of ~Ii L'h\\. Vlll· 
untc~r> 11crt>~llllVCi1.cd ( ·I :W by l'l{N'I',.,) hy 11 >111 2K, ~nd 
lihhoui;h 1111tillt1Jy l.:\'blS d.:i.'llncd 110111~\vhut nvct 1l1ftc, 1!5% 
ol Cl llK V·;lccinocs wen: &tl ll l~Ctilpt~1s\ttv1.: iii om: y.:ur 1Fl1:1urc 
I AoJ, 'rhc hiJ!,hc~l gc11111c1rit: mean lilL'f (<liMT) Cl :582) wa>. 
rc11cl1cd u1 I >uy 2K umJ Llcdlncd slowly to I; I OS on Day .160 
(l:ii;urc I 01. M11.xi1111m1 tilers n:ucl-.:d I: I0.240 on D11ys ~k 
1u1d 4.2, 1md J.ccllncJ to I: 1,2811 on l>a~s 180 11ilcl J(1(J. Nu 
lflluwho rcdri1;;11 ~rnwnvtrl•d. • 

l)ISCIJSSIUN 

I his pha.;c II, J,1uhlt:•bli11<l study wu~ tlusigned 10 ~.~amino 

'lhc 'l!lli:ty lllld imrn1111oiilni.ii1y ot' 1h~ liw ClllK ~ucdnc 
f'Sl-OSl>-21 K in l1callhy aLtuh volunteer; , Sit.lo clli:cl~ c~
rcricn~cd by v11cd111)0.: 1111d pl11~ch<1 vohrnh;cr~ who WtJrt li JI· 
low.:J 11Cliv.:I)' a·ntJ p\i'>~ivdy for 011c yc•r Wero; ~\>mp11n;,I, 
I he 1liH1tr.tli:i:i11Fo irn1ll10Jy rcs1,.>11sc \ VU!> ul!>C.1 l>lm:licd liir one 
year. Thi~ SM.ly conllnns the encoun11,1J11g di'1icnl rcuc1i111~ 
prolile mill :u11ilbody rcsJll.imo noted in 11 phuse 11 sludy (If 15 
alp'h11v1r11N111lw 11oi11tll~'Crs 1111munli1.'<.I with H1i~ vucch-.:." 
an<I in several 11hu~c I trials ronductcll at tlSA M RlfD 11\oh1l· 
1nmki FJ , unpublishc<l data). In the currt:nl blinded phai.c II 
stud)', the illlml'ier i\nd sc'1crity of ud,iersc cli11icul 'ign' ~nd 
~ymptoil)'S were ~imilut in th.: vaccine-lrninu11\·1.cd aiid pld· 
cilbl>-ino~·uluted vohantecrs, Nl.l <.:I llK V(lfUnl~cr dcvck>red 
clini~ally impm1an1 reactions to tbd vuocine. Clinical labo
ratory abnvrmulirks w~rc ulso comparable: in 1both volunte1ir 
~toups in the currem st•ud~, aldlough minor diffcrci1ccs in 
hcinatoltigic values Wl:re 1ro1t.-d fo the previous phas4.! I trial-" 

De..-au~ viruknl chikungunya virus cnn o.:u11:;e nc'lllc ur· 
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1:1MIRt I C'h1kuni-t~m,iu vfru;. il 'tllK) t;0'% ph11..1uc u:-.hu.hu•l 
l1Cl"rnll1111i1<11 lt•I <l'HN'l'i,.J lUl! ih.,11~ t ilcrN in llll' S~fll uf '\K 11t1ll lll~· 
irlu~·nul vc ~nlun\c:c;1S ntt.;r \numml.t~ll'm Wtth n1h:11uuh .. '<t ( '1 lU:. VU\.'
uuu.•. Senun 'l'tt• ublllmNI (111 llnyt o, l 0i. Jll, ·12, I HO, 1111d 31>(), (1\1 
l>etl.i(lll :t\."'ru(,:t'm\·crs1t'n ( ~ I !O l•ltlfl Iii>). 96i,.:, "")nlid~m."'i: ~otcrvnb 
!Hl <lcC111ic1110 menu lilct • ..iumlrird crrnr, Nn [ll:ltl'll.1 r<..:1p1c111~ 

ScroCou\o·crtcJ (datu 11ot Sht1Wn) 

ihrnlg'1u uud 11rthrllis, 1 ' v 1,1• '~luch on o~i;u~ion 11\UY pcr~•~t 
for 111on1hs of y~·ar~. we were ptirtlculurly intc:rc~tell in enu
murat'tng Joilll i..y111rt•11ns . I 'ivc or .'ii) llilK. vm:ci11cc~ uc
lllllorx:d tnmsle111 ·11rthml~l11 wilhlllll 111hcr k.nuw11 cuu~c ( lit· 
bl11 2). whilo none of 14 co111mls <'lcvc\oflCd ur1hrnlgiu (l• "' 
O.)J). l'\u.: in~id~ncc ti!' ar1hrnllcd 11 In V;kdm: n:c1ricms ~nn1• 
r t1ro1l l!l wfitroh muy h11vi; reached ~Uilisticul ~ignificuncc 
hud 1\1! cilniluclcd u !urger ~111Lly. I fire.: of S volililt.:cn: noted 
atthni'li;i.lu MC day ntlcr im1111111i1ati~>n. which i~ cnrlillr th;m 
predicted based on tht! Fact 1ha1 Cllll~ vaccine viremia oc· 
currcu in rrcvi1rni. 1rh1Js 1111 Dny 2 4 us r111·1orlllll hy ~kt' luin 
;mil nth\lrS~ ' and nnl~'<I tiy FJ Malinoski. (unpublished i:lat:i). 
NcVcnhclcss, ii is plauSit>le medically that SOfllt: of the a1• 

thrnlsiu .:risollc~ were c1111,.cd by the uncnuatcd CHI K virus. 
Nll volunlc<:r rcpilrted synl'plblfi~ of ufllirftl~fo or a·r1hritis 
during p11ssi\·c %rveillu11.:c con1hMcd hetwccn I and 11 
m()nths after immunization, One Ann} volunttli:r com11lained 
of mild. lntcrrniltcut smull·ji-1i111 rains without cvitlcnec <lf 
11riltriti~ or ahnormul lab<lratory smdi~s atler I011g-1crm IOI· 
low·ll[i (Malinnski f'J. unpublished o.llila). I he ~1ffn of the 
i.afot) dutu in llK: current rhus<: I J tfiul u11d in the pill\.~~ I 
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Army iriol~ ~umm11ri1C<l ab<l\c ~ttongl} •~C•I lha1 the h\c 
ClllK vacdne i~ ~arc and well-tolc:111tcd and thal 11 pro.Juccs 
no more sc' en: or more frc<jucn! s~ mp10rns tha:1 found Ill 
plH~i:hl• n?clplent,, 

Mild hemorrhage hm11ed to pc1echia. ep1~i'- Md bleed
ln11 11ums. nr !IC11c1c llcmurrhqc cllt1r1L1cnA-d b) melcna. 
hematemesls. ?lem(ll{) s1s. or hcmaturia. ha'e occurred in up 
to lll"A. of patients !luring ourbrcllks of C:HI Ii. inti:c1ion. dt:· 
pcndin11. <if Ille locolc.' " "'" S(llnc of the mon.: 'oC"cn.: ca~' 
01' hcm<1rrhngc may have 1>.!r.:11 ca11-;c<1 b) dengue 'tru~ ill• 
fc<:tion n Ran:ly, dcinh in chih.ln:n onll lhc llgc!l ha~ been 
us~ociatci.I witl1 oulhrca~~ of C:tll,,_;:c C'rnK was l.;ola1cd 
from the blood ol' one Cc)lonc:sc; child who dicd.1• Nc~cr
thelcss. bcc11usc of the rnrity ,,f C'lllK i~ola1ion• und becau;.c 
the: lhe CJ II K veccinc: is highly 11ncnun1cJ for man. hem· 
orrhugio: lli~ctl..C und llculh an: not l.lc1n,1d1:rcil to be Vutdnc 
ri~i..s. 

l\hhough i.:hl1iu11V-unyu viral Ji,cu~c is not known to 111.1• 
vcr~lll} Rlfoc1 !he pn.:j!.nonl '"'"''m '" fctt.i• unJ no n:p<)n) 
of terutoi;cnit.;iiy or im:n:'™'J ubottion huve b;lc:ll iis'4>0:1utcJ 
with mni<siw epidemic' ()f cm lo;. I here is a thcorcti.:ul f"'· 
11:n1i11l 1hut any rcpllcu1ing v11c.:1nc •ifilS will ad\<mel~· affcd 
the !lcvclt>p1ng li:rns I lu vao.:cim: h11-, 001 '-'c:n IC'lcJ ll•r 
tcrutogL"trn:ity or ub<lno1.1-c111cit) in animal moJc:ls 

I he dteon:tu.:~I nsl.. of traru.mi!»,ion of the :incnuatc:J 
ClllK \11Cci1\C "IN' In ""''quikl<:s is C<•nsidcrcd lo bo: n:· 
rm,1c Because oflhc ll'1lnsi..:n1 lo\\ le'cl of"i~11 produced 
in tn(l(11lu1cd voluntcct'l>, II " onhlcl~ lhal mt>SljUll•>e> \\<>UlJ 
become hli:c1cd by feeding on 1 JIC™"• 1oorolnt•"tl "•lh the 
ClllK \&eclne "' MOfCO\Cr. although Ille \'IKCtilc \\8!. SUC• 

C:C:\S lllll) lrHll\rnllll'fl II)' ffil)MjutltlC\ aRet intm1M1rar1r in· 

Ot"t.llotk)fl, the~ wa~ 110 evideno.- of re\•crsion 10 a \lrule111 
PllCnul) pc .~' S1udic' 10 !letc1:1 po!>siblc n:\c:rtMt t!ol>ilatc~ 
1nim \•acc1ru: recipient' 111<11cutcJ 11101 most isolates rc1am 
the biolor.teal charae1cri~i~ or the \laccine \iru~. One: 1so
l11tc Imm u volunteer in an Army stud} hod ~ucl..ling mou-.c 
klh.'\lil) intcm1cl.llmc ncmccn the .,.accinc (O~l :1.nJ rarcnt 
(I OOo/u) vtrusc~ an<J lnJucco vrrcmla in monkeys that 1\a~ 
highor thu11 1hU1 riroduccd by 1hc patt111 v11cclnc \'1rus. tit>\\· 
ever. the vlromin ht 1hc volunteer was rrubat>)) loo low to 
111dCc1 u li:cJing, mnSt1uitn t M11lintl\Uld FJ. unpuhh~h;:J 
uuta), 

The: CHiii. vaecint w11'1 hli;.hly i111munoi;.c11ic f'ony \flC· 
cinccs ((l~o/,>) ~r11.:110vrni;\l h)' Du) 14. and !i7 v~o.:incc~ 
(Q8%) ..;c('(1L"\>11\lcl'lc:d by Du~ 28 ( F1gun; I/\). NcutroJi,ing 
untilx>J)' wns Miii 1klectcd in !IS?o of volunlc:cr" alli;r 12 
m<>nth,, l.nns-11:rm llilk>\\·Up ~luJi.:' ""ulJ De: no.~dcd 10 
\.ll:tcrmin.: lhc durability of the immune rc:spon.k. lb: GM I 
<'t' the .,.acdnec~ was high ( l'i~urc ll!J. All 15 olpbil\lfU•· 
nni>'t indi• iJuol~ .,._'n>COn~crtcd 1111hc "n~k: pullli hcJ pha...; 
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UNIF'OR'MED SERViCES UNIVERSITY OF THE HEAL TIH SCIEINCES 
431l1 JONES BRIDGE ROAD 

BETHESDA. MARYLAND 2G814-4799 

June 1, '.!016 

MEMORANDUM fUR DR. .... 1(6_)(6_> ___ _.I DEPART1M£N r OF PA lllOLGY 

SUBJECT: IA CUC Approval of Protocol - Initial R~view 

The followmg application was reviewed and approved by the Uniformed Services 
University of the Health Sciences (U:SUHS) Institutional Animai Care and Use Committee 
(IACUC) vi.a Designated Member Review on June 1. 20 J 6: 

Title of Applfoation: '"·Deinococcus Radiodl!lrans Mn2+Complexes: A Revolutionary Approach 
to Radio1protcct!o11 and Vaccine !Production (in mice)" 

USUHS Pmtocol Niu.rnber; ... 116_)(6_) ___ _ 

Expiration Date: May 31, 2019 

Supponing Grant(s) Number: l._(
6_)(6_l __ _,, 

Name of Prin~in.aL!nycstigatQ:r.; Or ..... l(b-)(6_> ___ ......, 

The USLJH:S has an Animal Welfare Assurance on file with lb~ Office for Laboratory 
Animal Welfare (OLA W). National Institutes ,of Health (NIH). The Assurance Number is 

l<bX6) I The IACUC appro..,·ed the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If wor,k is to be continued past the 
expiration date, a triennial r~view must be completierl prior m the expiration date in order for 
work to be uninterrupted. Pitotocol expfration date:s may not be extended, and no animal work 
may be done without an approved protocol. Although the lACUC ma~· send reminders. it is the 
investigator's responsibiliry to submit an annual re\':iew fonn (Fonn 3206A) at least 30 days in 
advance. or a new f onn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing y,our first animal order, please contact MAj (bl<6) lo schedule a pre· 
protocol plaming me.etingl<bX6) I Th.is meeting must occur to ensure animal numbers are 
loaded in ibe CART system and LA .. M resources are available 10 meet your needs. 

cc: 
0 ffice of Resea,rch 

r''l 
j<DK5> I Ph.D. 

Chair, Jnstimtional Animal 
Care and Use Committee 
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ANIMAL STUDY PROPOSAL 
PROTOCOL COVER, SHEET fACUC Date Stamp 

1

Cb)(6) 

PROTOCOL NUMBER:,_ ___ __. 

PROTOCOL. TITLE.: Deinococcus radiodurans Mn1• Complexes: A Revolutionary 
Approach to R.adioproter;tion and Vaccine Production (in mice), 

G_RANT TITLE_J if different from abov•) : 

USUHS PROJECT NUMBER~ .... t b>_(
6
' ______ _ 

!FUNDING .AGENCY: Defense Threat Reduction Agency 

IEARLtEST ANTICIPATED fUNDING START DATe: Oct 30111 2015 

rPRJNCIML INVESTIGATOR: 
b)(6) 

Prmcipal lnvesbgator Sigf'latufQ 
:lf J. l-/ I-' 

Oete 

.SCIENTl'FIC REV1IEW; This animal use proposal received appropriate peer scientific 
review and is consistent wim good scientific research practice. 

Sl'ATISTICAl REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain 'StJfficient 
data andtor is not excessive. and the statistical design is appropriate for the intent of the 
study. 

b)( 

,Pl'tl 
Department 'fele~phorie 

1/).>/fc 
-eete 

A TTEND,ING VETERINARjAN: In accordance with the Animal Welfare Regulations, 
1the Attending Veterinarian wa,s, oonsulted in the planning of procedures and 

USUHS Form 3200 - Revised Oaober 2008 
Prev1011s. v91$t01'1$ airii obsclete 
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manipulatlons that may cause more tnan slight or momentary pain or distress, even if 
relieved by anesthetics or analgesics. 

etenliiaria.!LSignature 
l)v .... 

USUHS Form 3206 - Rev1&ed October 2008 
Previous versions are obsolete 

~- ... r_><6_) _____ = 

Department. Telephone 
iiY. Ma"' 1\1> 
bate 
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ANIMAL PROTOCOL NUMSER:l ...... l6\_re\ ___ ____. 

PRINCIPAL INV~STlG.ATOR : Dr ..... 116_)16_) ___ _. 

ANIMAL PROTOCOL f~fLE: Deinocoocus radiodurans Mn2" Complexes: A 
Revolutiona1ry Approach t10 Radioprote~tit>ril and Vaccine Production (in mice). 

GRANT Tf[L_E (iLdlfte_r_e_ni_!t_o1ru1b_o_x_eJ: 

USUHS PROJE1CT NUMBER: (._(6)_(6) ______ _ 

CO-INVESTIGATOR(S): l<b)(GJ l{b)(6) I ....__ _________________ ____. 

TE_C_l:U~JCIANS_(S}; 

I. N10N-TECHNIC.AL SYNOPSIS:. 
Studies have found that the resistance towards radiation. an ability to grow in a nigh 

radiation environment, in the bacteria called Deinoooccus radiodurans comes from high 
concentration of Manganese (Mn~) complexes found inside this bacteria. These Mn2+ 
complexes work by protecting lthe bacterial machinery which repair its genome 
damaged by the radiations, thus heiping the bacteria to survive in ttie high radiation 
environment. In the proposed animal stiudies we will utilize this protein protecting ability 
of the Mn2• compllexes to 1) to test the safety and potential of viruses inactivated in 
presence of Min2• comp:lexes for usage as vaccine candidates; and 2) determine the 
efficacy of topical application of Mn24 -complex to improve wound healing post 
irradiation.. Response to vaccine administriation that results in the production of 
protective .aniibodies against a pathogen is a complex process. It requires several 
differient processes 1inside the body to work together. Similarly, process of wound 
healing is also a complex processes that require a cascade of tightly controlled events 
to occur for norimail heailing. These processes cannot be truly replicated in the culture 
therefore, requiiie use of animals. In the proposed experiments we will use small animal 
nnodel i.e. mouse for the above mentioned studies, Mouse models for these studies are 
well established and have been routinely used. This rnul1i·disciplinary research holds 
the prospect of formulating nove~ riadio protectors. w,ith applications ranging from pre~ 
exposure prophylactic interventions to posit-exposure therapeutics, and expediting 
vaccine production during epidemic outbreaks, bioterrorist attacks and other biothreats. 

Ill. BACKGROUND: 
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l(D)l'I) 

IV. MILITARY Ri:LEVANCE: 
Successful completion of the proposed study ho1lds the prospect of identifying and 

charaoteri:zlng higlhly radioprotective compounds against acute and chronic forms of 
ion i(~X~ ratatio.n. thereby helfping to sustain military operations in "V\fMD environments". 
Dr. previous and current work clearly demonstrat,es that Mn2+ complexes of D. 
radiodurans are protective against acute exposures toy-rays (acute and chronic) when 
applied ex vivo to mammalian 1cells and bacteria. Most importantly, once fully 
charac,teriz,ed, these Mn2+ comple>ees could be further developed into novel 
radiopr1otectlive dru,gs used both by military and domestic authorities in the event of 
WMD incidents. 

Another important potential application of D. radiodurans Mn2+ complexes is the 
production of inradiated viral vacC!ines. To date, y-irradiation is the most effective way of 
sterilizing materials - hence, the widespread use and success of industrial-scale 60C0-
steriilizatio1n technologies. Other approaches of chemical inactivation such as formalin 
have resulted 'in incomplete inactivation and also loss of immunogenicity. which also 
occuirs with inactivation by y-irradiation. Utilizing D. radiodurans Mn21- complexes for 
protecting irradiated viral envelope proteins, while at the same time achieving complete 
inactivation, would have a profound impact on generating inactivated viral vaccines in 
gener,al. If successful. it would avoid the major disadvantage of epitope loss that occurs 
during y-irradiation. CHIKV is an emerging infectious agent and poses great threat to 
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our troops deployed in CHlKV endemic areas. Additionally, several recent cgses of 
locally transmitted CHIKV infection have also been d@t@cted in US. Currently, tnere is 
no FDA approved licensed vaccine for prophylaxis against CHIKV. The proposed 
research would iidenf~fy .and characteri~e novel Mn2+ complex formulations that 
preserve virus irnmunogenic epitopes during high-dcse irradiation, thus reducing the 
loss of antigenicity. Prospectively, this approach would help reduce the amount of virus 
needed for vaccination and thereby reduce the time required to produce mass vaccine 
in the event of a CHIKV i1nfection outbreak, 

V. MATERIAL'S AND METHODS: 

\0)\4) 
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Vt STUDYle_EBS·ONNEL OJULAUE_l~~TIONS ANO_I_8AfNING: 

STUDY PERSONNEL QUAUFlCATIO.NSfTRAINING 
Ouaf ificatlons of person $pedtic training in this 

Protocol activity or performing activity (e.g., activity or procedure 
procedure (e.g .. tail vein Name of person research technician. 2 (e,g .. rodent handling 
lnlections, euthanasia) oerforminQ activity yrs exeerience} class1 1999) 

I I 
!injections. (0 J\O) Staff Scientist, > 1 o Rodent handling 
euthanasia. blood years of experience training class 2002 
and tissue with the rodent and 2006, USUHS 
collection. model studying viral Investigator Training 

disease1 TBI and Course (2006) 
wound healinQ. 

Injection. Research associate. 
euthanasia, blood > 8 years of 
and tissue experience handling 
collection. animal samQles 
Injection, Staff Scientist, 8 Rodent handling 
euthanasia. blood years of experience training class 2008. 
and tissue handling animal USUHS Investigator 
collection. samples Training Course 

2007, 
Injection. Senior post-doctoral Rodent handling 
euthanasia, blood fellow, 8 years of training class 2008, 
and tissue experience handling USUHS Investigator 
collection. animal samples Training Course 

2007, 
Injections. Post~doc-toral fellow, Rodent handling 
el.fthanasia, blood 5 years of training class held 
and tissue experience handling on 08/1712010, 
collection. animal samples USUHS lnvestig'ator 

Training Course 
08/17/2010 

VII. BIOHAZARDS/SAFETY~ 
Acoording fto BMBL 5t11 edition CHIKV181/25 shall be handled at BSL2 conditions, We 
would like to emphasize that no live attenuated virus will be used in the proposed 
experiments. Only gamma irradiation inactivated viruses will be used to immunize the 
animals. 
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Standard BSL2 precautions will be taken while performing the experiments utilizing 
the viruses. In accordance to BMBL5 recommendation the personal protective 
equipment worn at the time of handling the live attenuated virus {CHIKV181/21) or 
handling the mice given the vaccination are lab coats, gloves and face mask. Live 
attenuated virus will be handled inside a certified biosafety cabinet in a BSL2 laboratory. 
Irradiation of the virus will be done in an enclosed airtight tube (screw cap tubes) 
incubated on ice. All the trash generated such as pipette tips, used tubes etc. will be 
autoclaved before discarding. Animal carcasses will be disposed as per LAM SOP. 
NOTE that none of the animals in the proposed experiments will receive any live 
attenuated virus all the animals will receive inactivated attenuated virus. Sharps such as 
needles will be disposed in the designated sharp containers. No recapping of the 
needles will be done. AH the biohazard material generated from the animals work except 
the animal carcasses will be packaged in the red biohazard bag, autoclaved and 
packaged in the designated biohazard box and disposed as biohazard material. 

VIII. ENCLOSURES: 
1. Doc-1: BMBL 5th edition section Vlllf. This section specifically state that V3526 and 

CHIK181/25 can be handled at BSL2 level. 

2. Doc-2: Research publication outlining the phase-II trail of CHIKV181/25. 

Edelman R, Tacket CO, Wasserman SS, Bodison SA, Perry JG, Mangiafico JA. 
Phase II safety and immunogenicity study of live chikungunya virus vaccine TSl
GSD-218. Am J Trap Med Hyg. 2000 Jun;62(6):681-5. 
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IX. ASSURANCES! 

As the Principal ~nv1estigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the followihg: 

.A. Animal U:se: The animals authorized for use in this protocol will be used only in 
the activitiles .and un the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation, 

B. IDupUcation of Eff~rt: l nave made a reasonable, good faith effort to ensure that 
tthis protocol is not an unnecessary duplication of previous experiments. 

c, Stati$fkal Assurance: I assure that I hav1e consulted with an individual who is 
quafified to evaluate the statistieal design or strategy of lhis proposal, and t.hat the 
"minimum number of animals neeoed for scientific validity are used." 

[),, Biohaza.rd\Safety: I have taken into consideratiOtl and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, ~nd so forth, in the preparation of this 
protocol. 

E~ Trainirng: I verify that the ipel'Sonnel performing the animal procedures I 
mahipulations / 'observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessaty pain or distress wilf be 
caused to the animals as a result of the procedures I manipulations. 

F. ~~=~~~g::fy that I have attended the USUHS Investigator/Animal User 

~rinclpJ~:~ s,gnawro o.~ l >../I' 
G. Training: The following personnel will attend the next USUHS 

lnves'tigator/Animal User Training Course: 

IH. Responsilbi'.lity: I acknowledge the inherent moral, ethical and administrative 
ob.lig0tio111s associated with the performance of this animal use protocol, and I assure 
that all ihdividuals associated with this project will dernoflstrate a concern for the health. 
co'mfort, wel'fare, and well-being of the research animals. Additionally, I pledge to 
co'nduct ~his study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alte·rnatives wtlere feasiole and conducting 
humane and lawful research. r (6) 

Pfiinelpal lnvestlga&!lr Signature 

USUMS Form 3206- ~eVlsecl Ot tob<rr 2006 
Previous versions are obsolete 
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I. Painful Procedure(s): 

I am conducting biomedical expenments which may potentially c.ause more than 
m·omentary or slight pain 1or distress tO animals. This potential pain ana/or distress 
1WILL NOT be relieved with the use of anesthetics. analgesics and/or tranquilizers. I 
lhave considered alternatives to such procedures; however. using the methods and 
sources descri'bed in the protocol, I h~ve aetermtned that ·alternative procedures are not 
·availalble to actlom -lish the otf ectlves of this proposed experiment. 

{b)(6) 

USUHS IForm '320E - Revl.ed October 2008 
Prellious versions are obsolete 
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X. PROTOCOL ABSTRACT: 

A. Animal P_rotocol Nu_mbe~: 

B. Animal Pf·Otocol Titlle; Deinococcus radiodurans Mn2+ Complexes; A Revolutionary 
Ap1Proach to Radiioprotection and Vaccine Production (in mice). 

C. Prlnoloaf Investigator: Dr.l .... (b-~<6_~ -----

D. P_erforming Organization: USUHS, Bethesda, MD. 

E. Fund~ng: Defe~nse Threat Reduction Agency. 

F. Oblective and Apprroa~h: 

The specific objectives of the proposed study are: 

1. lo determine the immunogenic potential of the y~MDP-CHIK 181125. 
2. To determine the protective efficacy of topical application of MDP complex on full 

thickness cutaneous wound post irradiation. 

Rercently, we along with orl(b)<5
> lgroup (Gaidamakova et al 2012) have shown the 

protectiive efficacy of the peptide (DEHGTAVMLK) isolated from the bacteria 
Deinococcus radiodurans against exposure to high level radiations for inactivating 
VEEV. Th~s peptide preserves the activity of multimeric proteins at doses that obliterate 
the nucleic acid. This property ·of the peptide will be used to inactivate CHIKV181/25. 
The hypothesis is that viruses treated with the above peptide and irradiated at 50, OOOGy 
will retain the structural protein; however. the viral genome will be destroyed. Therefore, 
such virus particles Will not be infectious but should elicit protective antibody response. 
We wm also test the radioprotective potential of this complex when administered in vivo 
against 1radiation induced delay in wound healing 

G. Indexing Terms (Descriptors): Deinococcus radiodurans, live attenuated 
chikungunya vtrus, radioproteetion, Manganese{Mn2•)-Decapeptide-Phosphate complex. 
antibody response, immune response, protein protection. 
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UNIFORME:O SERVICES UNIVE:RSIT'Y OF THE HEAL TH SCIENCES 
4301 JONES 8RIOGE ROAD 

BETHESDA. MARYLANO 20814-4799 

June 1, 2016 

MEMORANDUMFORDR!~16_R6_l ______ __,IDEPARTMENTOFPATHOLGY 

SUBJECT: IACUC Approval of Protocol = Initial Re-view 

The following application was reviewed and approved by the Uniformed Services 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
(lA.CUC) via Designated Member Review on June l, 2016: 

Title of Application: "Deinococcus radiodurans Mn.2 Complexes: A Revolutionary Approach to 
Radiopmtect[on (in mice)" 

usuus Pmto1tol Numlxr: .. F_)(_6> ____ _ 

Expiration Date: May 31, 2019 

Supporting Grant(s) Number: f .. 6_x_s> ___ _ 

Name of Principal Investigator: Dr .... r_x_6> ____ _ 

The USUHS has an Animal Welfare Assurance on file with the 011ice for Laboratory 
Animal Welfarr: (OLAW). National Institutes of Health (NIH). The Assurance Number is 

lib)(S) I The lACUC approved the above referenced application as submitted. 

An annual n:view is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended. and no animal work 
may be done without an approved protocol. Although the IACUC may send remvnders, it is the 
investigator's responsibility to submit an annual review fonn (Form 3206A) at least 30 days in 
advance, or a new Form 3206 for triennial review at lea.st 60 days in advance of expiration. 

Prior Lo placing your first animal order. please contact MAJfibRe) )to schedule a pre-
prDlocol planning meetingl<6X6l lThis meeting must occur to ensure animal numbers arc 
loaded in the CART system and LAM resources are available to meet your needs. 

cc: 
Office of Research 

~ I rb I Ph.D. 
an. lrisbruti on al Animal 
Care and Use Commjttee 

Doc 74 
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PSOfOCO·l TITLE: Deinooocaus radioduran~ Mn2• Complexes: A Revolutionary 
Approach to Radioproteciion (in mice). 

PRANT 'TITLE (H differentJroJn atmy_e); 

USUH.S PROJECT NUM8ER: l ._~~-C6) __ _ 
Thijs is the numtJet assigned by REA when a research grant proposal is submitted. 
E:x:ample: G170AB-01 
FUND.ING AGENCY: Defense Threat Reduction Agency. 
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& [) fb){6~ .I' J11' 
Title Te cifione 

ST A TlSl.lCALJ~E~EW; A person knowledgeable in biostatistics reviewed this 
proposal to ensure tfhat the ntJmber of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study, 

l~(b~)~~) ........................................... ~ 

Statistician Sl;nii\Jre 
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. Pit T ((t>J(6J 
Department ..._f"""e .... 1e'""ph_o_ne ___ _,. 4h-•''" 

Date 

ATTENDING VETERllNARll.AN~ ln accordance with the Animal Welfare Regulations, 
the Alt,ending Veterinarian was consulted in the planning of procedures and 
manipu11ations that may cause imore than slight or momentary pain or distress. e\/en if 
relieved by anesthetics or analgesics. 

(O){tl) 
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Approach to Rad!oprotection (in mice) . 

.GBA~J_JJJLE_ (if dif{ereot frotn_A_b_o_'i_e_)! 

USUHS PROJECT NUMB1ER: ((b)(e) I 
This is the n1Umber assigned by REA When a research grant proposal is submitted, 
E)tample: G171QA8=01 
F\JNDING AGENCY; Defense Threat Reduction Agency. 

EARt1E_S_I_ANIICle_ATED_ F_UNOING START DATE: Oct 30111 2015 

e_RIN.C_IPAlJNVESTIGATOR! 

Principal Investigator Signature Department Office/lab Telephone Date 

SCIENTIFIC REV1IEW: This animal use proposal received appropriate peer scientific 
review and is ~onslstent with good scientific r,esearch practice. 

Researcn Unit Chief I Dep't. Head Signature 
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Title Telephone Date 

S_TAJISJJCAL R~Yll_EW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
olat~ and~or is not ·excessive. and the statistical design is appropriate for the intent of the 
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Statistician Signature 
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ATT1ENOING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
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manipullations that may cause mor1e than slight or momentary pain or distress, even if 
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ANJM~AL_PROTOCQLJ!U.M.BEB: 

PRINCIPAL INVESTIGATOR: Dr.r .... _><
5_) ___ ___, 

ANIMAk PROTOCOL_IITLE: Dsinoocxmus radiodurans M"n2 '" Complexes: A 
R1evo'lutionary Approach to Ractlopr:otection (in mice). 

GRANT TITLE..Utdifferent from abov@): 

LlSUHS PROJECT INUM8ER: ,_j(6_>l6_> __ _, 

C'O-INVIESTIGATOR(S) :l<b><5l l(b><5> I ..._ ________________ ___. 

I_E_C_H_MCJANS<Sl: .... l<b_)<
6
_l __ ___, 

I. NON-TECH~ICAL :SYNOPS1S: 
Development ow effective therapies for treatmeht or protection from rad iation injury 

ha'S beern a long-sought goal. The potential threat of the wide spread destruction that 
can be caused by the use of dirty bombs by rogue nations or terrorists, and accidents 
like the recent relea$e of nuelear matetial from the Fukushima Daiichi nuclear power 
plant in Japan, reflects the urgency to develop safe and efficient radiation 
countermeasures. 

Deinococcus radiodurans. Is a microorganism that can survive high doses of 
radiatlort Its r1adiatiorHesistance is attributed to high intracellular concentration of 
manganese present in complex with phosphate and other biological materials such as 
peptides or nucleosides present inside the cell. 

We have recently shown that when artificially reconstituted. such a complex, called 
MDP complex, can protect mice against lethal radiation exposure. An MDP complex 
consists of Ma,nganese + geeapeptide + Qhosphate and is made spontaneously when 
the thr1ee constituen~s are mixed together in a test tube. Under the proposed studies, we 
plan to further investigate the radioprotective efficacy of MOP complex in a mouse 
model. Following parameters will be investigated: the maximum rad iation that MOP 
complex can protect from: the route of treatment i.e .. oral consumption vs injection 
under the skin, the changes ,occurring in blooel cell count, cytoklne, protein and tissue 
pathology upon treatment with MOP complex. These experiments will help in 
understanding the cellular and molecular mechanisms involved in MOP mediated 
rad ioprotection. 

II. BACKGROUND~ 

IJ.1. .Back-ground: 
Proteins In O, radiodurnns arre exceptionally resistant to oxidation, but they are not 

inherently radiation-resistant. When purified from 0 , radiodurans. proteins are rendered 
as susceptible to y=radiation~induced RCS as proteins in naturally radiation-sensitive 
cells. P1roteome protection in D. radiodurans and other res·istant prokaryotes is mediated 
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Previous versions are obsolete 

2 



by the accumulation of smaH-molecole Mn antioxidants which can functionally substitute 
en·zymes such as superoxide dismut-ase and catalase1 which sGavenge superoxide 
(0'2•--) and hydrogen peroxide (H202). respective·ly. In D. radiodurans, Mn-antioxidants 
make up appro}{fmately 70% of the cytosolic Mn2+ (CL2 - 1 mM), forming complexes 
w~th orthop1hosphate (IPi) (""'i2 mM) anti p~ptides ( ... 3 mM). These complexes specifically 
protect proteins from ROS generated by abiotic and biotic processes arising from 
exposu1re to y-radiation, ultraviolet (UV) radiation, and desiccation. When applied ex 
vivo, natu.rally-occurring Min-peptide-Pi 1oomplexes in protein·free cell extracts of D. 
radio<Jutans protected cultured human cells and Escherichia coli bacteria from extreme 
cellularr insults caused by y-rays, and preserved the activities of enzymes irradiated or 
desiccated in vitro, Subsequently. under this project rational design of the peptide
component of D. tadiodurans Mn antioxidants yielded a synthetic complex named Mn
DP 1-Pi (referred to here simply as MQE,__gr MDP complex}. which forms spontaneously 
when the a~caeeptide- 1(6)(4) I Pi and Mn2+ are combined. Under aqueous 
conditions, MOP preservetf tne $tructure and function of irradiated proteins exposed to 
massive doses of y-radlation, but did not significantly protect DNA or RN ~.,.........., 
exam1·1e, whe:n a 1 liti!d in vitro at "h siolo icall -relevant concentratlorrn, 

an matsiVely mere~§Eid m~ in vitro 1nactM11t1on- ose o the NA repair enzyme T 4 
DNA li,gase from ... 200 Gy to >60,000 Gy; but MOP did not protect DNA or RNA in vitro 
or in vivo. 

The ~rends in prokaryotes which support the primacy of function {proteome) over 
info:rmation {genome) in radiation to;.deity parallel several trends emerging for ifradiated 
mammalian cells, For example, the relationship between D$B yields and y-ray dose in 
human cells is about the same as in all other cell-types (0.005 OSBs/GyfMbp), In 
cultured mouse cells exposed toy-rays, protein oxidation precedes ONA damage, and 
is implicated as a critical and very early event in radlotoxicity. Moreover, mouse cells 
wihich maintain low levels of ROS, either naturally or by treatment with antioxidants, are 
consistently more resistant to ionizing radiation than cells with high ROS levels, but with 
no overt effects on DSB yields. However, the degree to which protein oxidation is 
expected to influence recovery i0f irradiated mammalian cells is greater than for bacteria 
because of the impact of genome size. For example. 8 Gy does not cause genomic 
DSBs in radiation-sensi~ive bacteria such as E coli (-4.6 Mbp), and any oxidative 
damage to o·SB repair proteins in E. coli exposed to 8 Gy would be inconsequential. Not 
so for most hiuman cells, where a typically lethal dose of 8 Gy is expected to cause 
approximately t20 DSBs per haploid genome (0.005 >< 8 Gy x 3,000 Mbp}, and where 
any oxidatfive damage to DSB repair proteins is expected to lower DNA repair efficiency. 
We have sfhown that proteome activity in human Jurkat T cells exposed to 200 Gy in 
vitro is protected by MDP administe1red pre- or post-irradiation. and that mice treated 
with MOP and exposed to 9.5 Gy all survived. These results give realistic hope that 
Deinococcus Mn-an~ioxidan~s will confer radiation resistance on humans, and that 
antioxidant tr.eatments based on MOP which target the proteome of mammalian cells 
may be the basis for countermeasures development against acute radiation syndrome 
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(ARS). a constellation of health effects which present within 24 hours of exposure to 
acute doses of ionizing radiation. 

Preliminary Studies; 

Suir lrws Mn2" in 0 . r~dioaurans forms ROS-scaven -fit · -_ role~e_t 
rcteins ffom ionizin - radiatj_oJJ l < tudies on protein-free cell extracts of D. 

radiodura11s < have shown that they are armed with low-molecular-
weight ( <3 a ·scavenging Mn2+ complexes which consist mainly of peptides 
bouna to Mn2~ and oMhopnospham (Pi). When reconstituted in vitro at physiologically 
relevant concentrations. Mn24

, Pi, and peptides display multifactorial antioxidant 
syner~ism. Usinj an in 0tm anoro.ath ~ased on the . R<?S:sensiti~e. ~nzy. me glutar:nine 
synthetase (GS)[ 0RBY P" =- J demonstrated d1st1nct ant1ox1dant mechanisms 
involved in protein protecmon - where Mn2•-Pi alone, or organic metabolites alone (e.g.; 
~e~t1des, a~lno acids, 111ucleosi~es) provided moderate levels of radioprotection fb)(6) 
I )( . I However, whe~ peQ:t1des, Mn2* and Pi were combined, the com~lexes._w_e_T_e _, 
sut:>.stant1ally more protective fb><61 I Yet. the same reconstituted Mn2"' 
complexes afforded little protection on irradiated DNA preparationsj(b)(6~ I in 
summary, surplus Mn2• (i.e . the portion of a cell's Mn2• budget wlirdi is not bound to 
proteins) appear to form ROS-scavenging complexes with various metabolites (Daly et 
al 2010), which provide global protein protection and preserve the quaternary structures 
and activities of irradiated enzymes (Daly et al 2010). 

Protein~free cell ext acts of D. radiodurans are radio , roJ~~tjye of hum n Jur~aLT _c_e_lls '. 
reeently demonsuated that protein-free cell extracts of D. radlodurans are 

ra 10-Prote_ctive of human Jurkat T cells . rown and then irradiated in Ii i r 
11b)(S) I In collaboration with have 
shown that the same D. radiodursns decapetide· Mn2 .. =Pi complex which is highly 
protective of glutamine synthetase is also extraordinarily protective of irradiated human 
Jurkat T cells. 

The MOP com0,le)( is non·toxic in vivo: Several in vitro assays [Daly et al. , 2010, and 
Patent Publication# W0/20131098743] have shown that the MOP complex is non-toxic 
to mammalian cell cultures and when appl ied to rats and mice, at concentrations much 
higher than what would be used in the studies propo - -re. In the third year of this 
project we showed that there is no toxicit when the -omplex was administered 
. . . ' 

The MOP-treated mice developed 
,____~~~~~~~~~~~--:-~-:-:-~~~~ 

normally, like the saline-treated mice. W e also determined the toxicity profile of the 
MOP complex in our mouse model via subcutaneous (s.c.) and oral (p.o,) routes of 
administrations for up to 7 days, This confirmed that MOP is not toxic to mice, Indeed, 
all the MOP-treated animals gained weight and developed normally. A detailed 
evaluation of the 1extent of toxicity/injury from MOP in mice was conducted in serum= 
samples of the mice on day-21, using a hepatic injury marker panel consisting of Al T, 
AST, ALKP. GGT. total bile and total protein; a renal injury marker panel consisting of 
creatinine, phosphorus, sodium, potassium. chlorine, calcium, carbon dioxide, urea 

USUHS Form 3206 - ReVJsecl Octot>er 2008 
Previous versions are obsolete 

4 



nit1rogen aind glucose; and anothe( injury marker panel consisting of albumin, LOH, CK, 
amy'lase. lipase, cholesterol; aired HDLC, triglycerides and uric acid. Importantly; no 
signiflcernt adverse effects or MOP administration were observed in comparisons to the 
vehicle-treated mice. These observations demonstrate that the MOP complex (300 
mgikg} is saf~ in vivo. 

MOP comple_x_p_r_o_te_crted mi.te a,gainst ra.d1ailiuLini_u__r:_yJ6H6> = !recently shown that 
a ~ynth~tic Deinococcus decapeptlde, which spontaneously forms antioxidant 
complexes with Mn2"f' and Inorganic phosphate (MDP) Is nontoxic and protected 
B602F1./J mice from acute radiation syndromes when administered at 300 mg/kg. 100% 
of the mice exposed to 9.5 Gy ana treated with MOP pre- and posHrradiation survived 
JO days with a significantly lower clinical score, versus the irradiated untreated control 
group which displayed 63% lethality, significant morbidity and loss of body weight 
(F igu re~ 1 ) . Moreover, our e'Valoatlon indicates 1hat the MOP plays an important role in 
the early [Protection of white blood cells, and in the attenuation of radiatlon~induced bone 
marrow darnag~, sp~enomegaly and hematopoietic damage via G~CSF and GM·CSF 
modulation (data not shown). 

I~ 

i c 

..- V <h">N1111u 

- Mf11'+~l1111n 

- Vfhl'IH 
- \li Ul' IHi 

Fi,gure 1. MOP ooillplex eOhfers radio-proteGtion in vivo: A) All the mice treated with MOP comple>< 
survived a 9.5 Gy dose of lrrad:\ation 1n comparison to a 37.5% survival without MbP treatment and 
displayed a significantly lower B) cllnlcal score. 

11.2.. !Jierature S_earch for Duplicati'on: 

11.2.1. Literatu1re Source(s) Searched; PubMed, Defense Technical Information 
Center (Dlf~C) , an1d NIH ~ePORTER. 

11.2.2. Date of Seareb: 4/Hl/2016 

11.2.3. P~riod of Search: 1986-20H5 

lt2.4. Key_W_ords a1nd Searc!b Strategy: Following key words and their combinations 
were used to perform the iiterature search for any duplication. Deinococcus 
radiodurans, radioprotective Manganese complex, radioprotection in mice. gamma 
irradijation, ~ethal dose in mice. 
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11.2.5. Re!·Ylts of Search: In summary no duplication effort was found for the proposed 
study. 

NIH RePOR'TER Search for key words D. radiodurans, Manganese complex: and 
r.adioprote'ction returned "O" match. ·Search with key words manganese complex and 
tiaaiation returned "2" results with studies on manganese superoxide dismutase and its 
effed on ischemia reperfusion. Search with key wnrds DeinoccocsJs and radiatioh 
returned 0 results. Therefore, no duplicating effort was found in the NIH RePORTER 
system . 

.PublMed seamh for manganese complex, radiation injury returned 13 publications 
which reduced to "O" results wnen decapeptide word was added to the search terms. 
Search with the key words Deinoccocus and radiation returned rrH.:ire than 500 
publication which reduced to 5 articles when radiation was replaced with radiation injury, 
None of these artitles had any duplication of the proposed studies. Search with the key 
words, radiation injury and treatment returned more than 43000 publications which 
reduced to 16 articles when manganese peptide was added to the search terms. None 
of these articles had any duplication of the proposed studies. DTIC search for 
mangane<Se comp1lex aind radiatle>n in~ury as well as Deinoccocus and radiation returned 
"O" results. Therefore, no duplication effort was found. 

Ill. OJ;lJ_ECTlVE\HYIPOTHESIS: 
The reoont Fukushima nuclear disaster in Japan has brought sharp focus on the 

urge1nt ne~d for research on the prevention of acute and chronic radiation effects. 
Radiological teirrorist "darty lbombs" and nuclear explosive devices also are among the 
most devastating potential threats facing Americans and their allies. Deinococcus 
radiodarans, a bacterial species, has evolved remarkable defenses against, and repair 
of, damage from radiation, effectively neutralizing all measurable biological damage 
caused by acute and chronic radiaiion exposures. The extreme radiation resistance of 
b . radiodurans is dependent on exceptionally efficient forms of protein protection based 
on intracellular Mh2 ... complexes. Those Mn2"' complexes specifically prevent protein 
oxidation, and they have been reconstituted in vitro by Daly's group [Daly et al 201 OJ. 

l(b)(e) I evaluated the radio-protective potential of MOP complex in 
86D2F11J fi12male mice against a whGle-boay otico v-radiation exposure at a dose of 9.5 
Gy. MOP icomplex (6.6 mg peptidelmou'Se) was administered once daily starting from 
24h pre; irraaiattion until day;7 post; irradiation. The MOP treatment resulted in 1000/c; 
survival (8 mice survived out of S) in comparison to a 37 .5% survival (3 mice survived 
cut of S) in the absence of tireatment Such remarkable radio-protection on mice 
conveyed by treatment with MDP supports that the MDP complex of D. radiodurans 
would likely also confer radiation resistance to humans. Notably, MOP treatment in 
our study also significantly prevented radiation-induced weight loss in mice and 
depletion of bone marrow cells. Moreover, MOP-treatment prevented splenomegaly in 
irradriated mice. Based on results from our previous experiment. we will evaluate the 
radio-protective efficacy of the MDP complex at higher doses of radiation exposure, and 
to identify the host cellular mechanisms contributing to survival. We will also evaluate 
the radio-protectrve efficacy of the MOP complex when administered either only before 
(prophylactic) 1or only after (therapeutic) radiation e)(posure. 
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~hypothesize that a catalytic antioxidant compound such as the MOP complex, 
which specifically protects proteins from oxidative damage during and after irradiation, 
can be used in reducing the cell injury/death associated with high radiation exposures. 
The hypothesis will be tested under the following specific aims. 

To test this hypotnesis following are the objectives of the study: 

1. Evaluate the efficacy of treatment with the MOP complex on survival after RI and 
evaluate the underlying cellular changes during the process. 

2. Evaluate the efficacy of prophylactic and therapeutic treatment with MOP complex 
on survival after RI. 

3. Evaluate the effect of different doses of radiation exposure on the efficacy of radio-
protection by MOP complex treatment. 

The proposed study has significant military and civilian application as it would 
characterize (structurally and functionally) tne radioprotective Mn2 ... -peptide complexes 
of D. radiodurans, and would demonstrate if such Mn2+ -peptide complexes can protect 
higher animals from high doses of chronic or acute forms of ionizing radiation (y-rays) .. 
The major thrust of the proposed study is to exploit the mechanisms of radioprotection 
conferred by the cytosolic Mn2+-peptide complexes of D. radiodurans, which would spur 
the development and design of novel metallo-organic drugs for prophylaxis and 
treatment against exposure to ionizing radiation and radiomimetic agents. 

IV. MILITARY RELEVANCE: 
With the rapidly growing technology today, there is an even greater risk of nuclear 

sources being misused for destructive purposes by the terrorist groups. There has been 
a great deal of awareness towards the destructive potential, and the chaos and casualty 
that can be caused from the use of radiological weaponry from dirty bombs to 
atomic/nuclear weapons. Any radiation injury scenario during such an event will not 
only affect military operations but also significantly impact civilian population. Such a 
possibility presents an area of great concern to the national security and public health. 
Additionally, the recent incidence of reactor meltdown at Fukushima, Japan and the 
wide spread suffering caused to the local civilian population, has re-emphasized the 
requirement for immediate attention. 

The proposed study is highly innovative in its approach for C-WMD. One of the main 
goals of C·WMD is to minimize WMD effects in order to sustain military operations in a 
"WMD environment". Upon suc.cessful completion of the proposed studies, we would have a 
radicrcountermeasure candidate ready to be tested for improved pharmacokinetics and tnen 
taken into clinical trials. This would thus be a significant step forward towards developing 
countermeasures against potential bioterrorist acts causing mass radiation exposure 
and helping to sustain military operations in "\NMD environments• by minimizing the effects of 
WMD. We anticipate that the information generated by evaluating the hematological 
and pathological changes as well as protein expression will provide a better 
understanding of the underlying mechanisms contributing to radioprotection or 
radiotherapy by MOP complex in the host and have far-reaching scientific implications 
on how to counter and/or reduce the effects of ionizing radiations. 
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V. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

V.1.1. Experiment 1: 

Evaluate the effect of different routes of MOP complex treatment on the radio
protection efficacy. 

We have already seen that MOP complex confers 100% protection against RI at an 
exposure dose of 9.5 Gy when administered in a combination of oral and subcutaneous 
(s.c.) injection. However, to identify the best route of MOP treatment, protective efficacy 
using individual routes of treatment will be evaluated. Mice will be randomly divided into 
4 groups (n=10 per group with one iteration) as described in the table below. 

Treatment: MOP complex (6.6 mg peptide complex in 200 µI PBS) will be administered 
either orally or subcutaneously starting 24 hr before irradiation followed by two doses 
14-15 hr before and at the time of irradiation. Thereafter, animals will be administered 
with MOP complex 
once daily for 7 days. 
Corresponding 
vehicle groups will Oral 

10 2 ..,_
0 

E 
. PBS . l. Vehicle 

receive instead ---------------------------of MOP treatment. ,_l_. __ v_c_hi_·c:_lc ____ su_bcu __ W1_~ ___ 10 __ 2 _____ 2o _____ E __ 

Irradiation: 
Radiation exposure 
dose will be 9.5 Gy. 

J. MDP Oral 10 2 20 E 
4. MDP Subcutan~ 10 2 20 E 

Total 80 

Sample collection and study end point: Water consumption will be monitored for the 
first 7 days; and total body weights and survival will be monitored for 30 days post 
irradiation. Blood, spleen, bone marrow, and ileum will be collected from surviving mice 
on day 30 from all the groups and used for measuring total blood cell counts, bone 
marrow cell counts, histological evaluation of ileum and sternum etc. 

Pain category for the animals (see also section V.4.1.1. 1 ): ln this experiment, all 
animals will receive radiation exposure. Although based on the results from our previous 
study, we expect that the animals treated with MOP will have significantly higher 
survival rate and reduced morbidity. However, since they may experience some 
clinically adverse symptoms initially, all the animals have been placed under category E 
(n=40 x 2=80). If MOP treated animals consistently show improved clinical score and 
protection against radiation exposure, it will be reported in the annual report and pain 
category can be changed to 0 after consultation with LAM veterinarian and IACUC. 

V.1.2 Experiment-2. Evaluate the effect of different doses of radiation exposure on 
the efficacy of radio-protection by MOP complex treatment. 

To test the protective potency of MOP complex treatment against RI, dose reduction 
factor (ORF) will be determined by studying the survival of MOP complex treated 
animals against various doses of radiation. Mice will be randomly divided into 8 groups 
(n=10 per group with one iteration) as described in the table below. 
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Treatment: MOP treatment will be given as described in experiment-1. Based on the 
results from Experiment-1, the route of MOP administration resulting in higher protection 
efficacy will be chosen for this experiment. 

Irradiation: Radiation exposure dose of 10.5 Gy generally results in 100% mortality 
without any treatment. We have already seen that MOP complex confers 100% 
protection against RI at an exposure dose of 9.5 Gy (resulting in 67.5% mortality without 
treatment). 
Thus, 
under this 
aim, mice 
will be 
exposed to 
the 
radiation 
doses of 
10.0 Gy, 
10.5 Gy, 
11.0Gy,or 
11.5Gyas 
described 
in Table 2. 

1. 

2. 
3. 
4. 

S. 
6. 
7. 
8. 

Radiation 10.0Gy Vehicle 10 2 20 E 
Radiation 10.5G Vehicle 10 2 20 E 
Radiation 11.0Gy Vehicle 10 2 20 E 
Radiation l I .5Gy Vehicle 10 2 20 E 
Radiation 10.0Gv MOP 10 2 20 E 
Radiation 10.5Gy MDP 10 2 20 E 
Radiation 11.0Gy MDP IO 2 20 E 
Radiation I l .5G MDP 10 2 20 E 

Total 160 

Sample collection and study end point: Water consumption will be monitored for the 
first 7 days: and gain in total body weights and survival will be monitored for 30 days 
post irradiation. Blood, spleen, bone marrow, and ileum will be collected from surviving 
mice on day 30 from all the groups and used for measuring total blood cell counts, bone 
marrow cell counts. histological evaluation of ileum and sternum etc. 

Pain category for the animals (see also section V.4.1.1.1): In this experiment, all 
animals will receive radiation exposure. Although based on the results from our previous 
study, we expect that the animals treated with MOP will have significantly higher 
survival rate and reduced morbidity. However, since the animals will experience some 
disease symptoms initially and protective effect of MOP against higher doses of 
radiation exposure is not known, all the animals have been placed under category E 
(n=160). 

V .1.3 Experiment-3. Evaluate the efficacy of prophylactic and therapeutic 
treatment with MOP complex on survival after RI. 

To test the prophylactic and mitigating potentials of MOP complex, this task will 
evaluate the radio-protection conferred by the MOP complex when given only before 
and at the time of radiation exposure or only after exposure. Mice will be randomly 
divided into 8 groups (n=20 per group) as described in Table 3. 
Treatment: MOP complex will be administered either three times for the pretreatment 
only group i.e. 24h and 12h before and at the time of irradiation: or starting 4h post
irradiation until day-7 to the animals in the 4h post-injury group (a total of 7 
administrations). 
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Irradiation: The irradiation dose will be decided based on the results from Exp-2 . 
Sample collection and study end point: Water consumption will be monitored for the 
first 7 Pn-1nalmto1 oaty lrndlallo• 

061>2 F11J D(-1 I l 4-1Shr DO 
nilc<! pH I rr 

Po•l l•furv r.-urmut only 

lrr11dlell11ll .\!OP trtalllW'llODCt rvrryday 

£J602fl /J l)O .fhr 
Dlkl' P051 Irr 

07 

DJO 
+ 

Si111iy ~11d p11ln1 

DJ-0 

S l id)' t~d pelal 

days; and gain in total body weights, and survival will be monitored for 30 days post
irradiation. Blood, spleen, bone marrow, and Ileum will be collected from surviving mice 
on day 30 from all the groups and used for measuring total blood cell counts, bone 

Vehicle: (pre1.reatml.!nt only) 
Sham ~IDP complex (pretreatmcntonly) 5 ,, .. 10 c 
$lt(Ufl Vehicle (4h posHnJury) 5 2 10 c 

4. Sluun MOP complex (4h post-injury) s z 10 c 
s. Radiation Vehicle (pretreatment only) 10 2 20 E 
6. Rad1at10n MDP complex (pretreatment only) 10 2 20 E 
7. Radiation Vehkle (4h post-injury) 10 2 20 E 
8. Radianon MDP complex (4h post-utJury) 10 2 20 E 

Total 120 

marrow cell counts. histological evaluation of ileum and sternum etc. 

Pain category for the animals (see also section V.4.1.1.1): In this experiment, the 
animals receiving radiation exposure have been placed under category E (n=BO). 
Although in previous experiments MOP complex protected animal against radiation 
exposure, treatment included both pre- and post-exposure treatment. As this 
experiment tests the prophylactic and therapeutic approach separately effect of which is 
not known at this t ime, these animals are placed in pain category E. The animals in the 
sham groups will not receive any irradiation but will receive PBS or MOP via either oral 
or subcutaneous route and thus have been placed under category C (n=40}. 

V.1.4 Experiment-4. Evaluation of effect of radiation exposure on b lood cells, 
bone marrow and ileum after prophylactic and therapeutic treatment with MDP 

USUHS Fonn 3205- Revised October 2008 
Previous ver.1tons are obsolete 

10 



complex. 
To test the effect of prophylactic and mitigating potentials of treatment with MDP 

complex on blood, bone and marrow cells and various tlssues against RI a time-course 
analysis will be done. Briefly, mice will be randomly divided into 8 groups (n=15 per 
group) as described in Table 4. 
Treatment and irradiation: Radiation exposure doses and MDP treatment regime will 
be chosen based on the results from experiment-1, 2 and 3. 
Sample collection and study end point: Water consumption will be monitored for the 
first 7 da s; and ain in total bod wei hts. Blood, s leen, bone marrow, and ileum will 

15 

15 15 c 
l 

4. Sham MDP complex ( 4h post-injury) 15 IS c 
s. Radiatiou Vehicle: (pretrc:atmc:nt only) 15 15 E 
6. Radiation MDP complex (pretreatrnc:ntonly) IS 15 E 
7. Radiation Vehicle ( 4h post-injury) 15 15 E 
8. Radiation :MOP complex ( 4h post-injury) 15 15 E 

Total llO 

be collected on day 1, 3 and 7 from all the groups (5 mice/group at each time point) and 
used for measuring total blood cell counts. bone marrow cell counts, serum cytokine 
levels, histological evaluation of ileum and sternum etc. 

Pain category for the animals (see also section V.4.1.1.1): In this experiment, the 
animals receiving radiation exposure have been placed under category E (n=60). If 
MDP show protection in animals exposed to irradiation and reduction in clinical score in 
experiment # 3, then these mice will be moved to category D after consultation with 
LAM veterinarian and IACUC. The animals in the sham groups will not receive any 
irradiation but will receive PBS or MOP via either oral or subcutaneous route and thus 
have been placed under category C (n=60). 

V.2. Data Analysis: 
Survival in Experiment# 1, 2, and 3 will be described using Kaplan-Meier curves and 
compared between groups using the logrank test. We anticipate 30% survival in the 
control group. A sample size of 20 per group {pooled over two iterations) will have 80% 
power to detect a significant difference in survival between groups if survival in the 
experimental group is at least 80%. The calculation is based on a 5% two-sided 
significance level. 

In experiment# 4 two-way ANOVA. one-way ANOVA, post-hoc test, chi-square test, 
and student's will be used for statistical analysis of non-survival outcomes. The 
required sample size for these outcomes is only 5 per group. This sample size will have 
80% power to detect differences of 2 standard deviations between groups based on 
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Student's t test for independent samples with 5%, two-sided significance level. Note that 
in experiment 3, only 5 animals per group are requested for sham conditions. 100% of 
these animals are expected to survive, and the primary comparisons will be for the non
survival outcomes. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: 

Drug manufacturers use computer modeling - structure function relationship - and 
screening in vitro by cell cultures during the development of candidate drugs. Computer 
modeling and cell cultures are insufficient to determine whether or not a given regimen 
(prophylactic or therapeutic) ls effective in promoting survival, resisting infection. or 
enhancing hemopoiesis and biochemical interruption. An integrated, functional, 
computer model of a mammal has not yet been achieved for the purpose of examining 
intricate physiological interactions among cells, tissues, and organs that occur after 
exposure to ionizing radiation. The resiliency of organs, such as the gastrointestinal 
system or hematopoietic system, to ionizing radiation depends on a complex network of 
interactive signaling systems to sense the magnitude of tissue damage, and to initiate 
repair, recovery, and other defense processes. The physiology of these interacting 
networks is altered by radiation in ways that cannot yet be modeled. In fact, the 
proposed studies will provide data, which will contribute directly to future models to 
predict the progress of radiation injury and appropriate medical treatments. 

V.3.2. Animal Model and Species Justification: 

B6D2F1/J female mice, 12-20 weeks of age, will be housed in a facility 
accredited by the Association for Assessment and Accreditation of Laboratory Animal 
Care, International. Animal rooms will be maintained at 22° ± 4°C with 50% ± 20% 
relative humidity on a 12-hr light/dark cycle. Animals will be randomized prior to each 
experiment and housed in small shoebox cages (four animals per cage). Commercial 
rodent ration (Harlan Teklad Rodent Diet 8604) will be freely available as will acidified 
(pH=2.5 - 3.0) water to control opportunistic infections. All animal-handling procedures 
will be performed in compliance with guidelines from the National Research Council 
(1996). The B6D2F1/J female mouse was chosen as the best animal model to use for 
radiation therapy protocol because: 

(1) It is one of the least sentient mammalian species that will permit us to achieve our 
research objectives. 

(2) The cellular proliferative characteristics of gastrointestinal tract and hematopoietic 
tissues in the mouse are qualitatively similar to those in the human. 

(3) Studies in mice have had a direct impact on work with larger animals and humans, 
as well as clinical treatment. 

(4) There are extensive published reports available for comparison, review, and 
analysis of major biological findings. 

V.3.3. Laboratory Animals 
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s-ecies#1 e:x- 1, 2, 3 and 4 
Genus & s -ecies Mouse 
Strain/stock B6D2F1/J 
Source/ Vendor {bO 

12-20 weeks 
20-30 m 

Sex Female 
S cial considerations BSl-2 
Number of animals re uired 480 

V .3 .6. Bafio.Jun_e_oJ,J~~-d_uJ:jio_n,_B._eet_ac_e_m_e_o_t_(3_(b): 

V.3.5.1. Refinement 
The animals will also be humanely euthanized if they become moribund and 

show signs such as ruffled fur, weakness, lethargy, difficulty breathing, weight loss of 
more than 20%, or loss of appetite, are cool to the touch, show inappetance, or 
diarr1hea. earlier than the proposed study end points. In our earlier pilot study, MDP 
comple1x protected mice from radiation induced death. wh ich was also accompanied by 
improvement in the clinical score as compared to the sham treated animals. Therefore, 
MOP complex itself may present as a refinement that protect animals and reduce 
radiation exposure-induced morbidity and mortality. 

VJt6.2. Reduction: 
The number of animals to be used is the minimum number of animais needed to 

achieve sc1entificaHy sound conclusions for the experimental objectives. In order to 
reduce the number of animals In the study we have kept the humlJer of control animals 
as low as possible to achieve stiatistical significance for the data obtained. Experiments 
are designed in a progressive way so as to reduce the number of groups (e.g. first route 
of treatment then prophylactic vs therapeutic approach) needed to ascertain the 
protective effect of MDP oomple:x both on the survival as well as molecular pattern). 

V.3.5.3. Replacerneflt: 
Extensive in-vitro testing of the MDP complex for determining the radiation protection 
activity. Radiation protection property of the MOP complex was tested on biologically 
active enzymes and human Jurkat T cells . We have extensively researched for an 
afternative to the animal model for studying the radiation injury but, no alternative to in 
vivo experimer1ts are available at this time. We are using the lowest animal in the 
phylo,geneNc scale that serves well as an animal model to study the radioprotective 
potential of MDP and its underlying mechanism. 

V,,4. Technlcal Methods: 

V .. 4,, 1. Pain ./ Distress Assessme:nt: 

V.4.1.1. APHfS Form 70.23 Information: 
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V.4.1.1.1. Number of Animals: 

Species #1 

V.4.1.1.1.1. Column C: 100 

V.4.1.1.1.2. Column 0: 

V.4.1.1.1.3. Column E: 380 

In experiments 1-4, a total of 380 mice will receive radiation exposure to sub
lethal/lethal doses and thus may become moribund. Some of these animals will receive 
MOP treatment and others will receive PBS as the vehicle after radiation injury. 
Although, MOP treatment is expected to alleviate the morbidity caused by radiation 
injury and enhance the survival, these animals have been placed under category E. A 
total of 100 mice under exp# 3 and 4 will not be irradiated and will only receive 
momentary distress due to subcutaneous or oral administrations. These animals will not 
develop any disease or experience any morbidity. Therefore, they have been placed 
under category C. 

V.4.1.2. Pain Relief I Prevention: 

V.4.1.2.1. Anesthesia/AnalgesiafTranquilization: 

Anesthesia: Blood collection: At days 1, 3, and 7 for Exp-4 and on day 30 for the rest of 
the experiments, animals will be anaesthetized appropriately under deep C02 inhalation 
(fill rate of 10-30% of the chamber volume per minute). Blood will be collected via 
terminal cardiac puncture with 23 G 5/8 - 28G 1/2 needle and will be used for CBC 
analysis and serum cytokine level evaluation. Tissues will also be collected and frozen 
at -80°C until use. 

Analgesics: No analgesics will be used. 

V .4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: 
Animals will be kept at the animal housing facillty of LAM for 5-7 days prior to the 

irradiation procedure and will receive standard care. Post irradiations, animals will be 
monitored for any distress. Mice will be monitored at least twice a day (i.e., first thing in 
the morning and then again in the afternoon) during the experiment. If animal is found to 
be distressed such as ruffled fur, lethargic and weight loss post immunization, animal 
will be humanely euthanized. For experiment # 1 most morbidity and mortality is 
expected between days 10-21 post irradiation. For experiment# 2 the period of most 
morbidity and mortality is expected to occur earlier than is exp#1 as higher doses of 
radiation will be used. Expected period of most morbidity and mortality is between days 
7-15. For experiment #3 the expected range of days when expected morbidity and 
mortality is high will be based on observation in experiment #2 and is expected to lie 
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between days 7-15. For Experiment# 4 no such period is expected as animals will be 
sacrificed by day 7. Observation of animals during this heightened period of morbidity 
and mortality will be done at least 3 times (early morning, noon, and late afternoon) a 
day by the investigative staff (twice) and LAM personnel (once). If, during any of the 
checks, it is suspected that the animals may succumb before the next observation 
period, the animals will either be checked again before the next scheduled observation 
period or be euthanized immediately as in section V.4.5. 

We will follow the Rodent Intervention Score Sheet (see section VIII) to track 
morbidity and moribund state in injured group of mice. If any single category is above 12 
(i.e., the mouse cannot stand or breathe normally, right within 5 seconds when placed 
gently on side, or respond when the paws are pinched gently), the animal will be 
euthanized immediately. Mice that score greater than 10 for all categories combined will 
be considered to be moribund and humanely euthanized. Morbidity signs usually appear 
much earlier than body weight loss for more than 20%. If there are no above mentioned 
signs appearing and the body weight loss is an only concern, then mice with body 
weight loss more than 20% will be euthanized immediately. These mice will be 
monitored very closely for their appearance, general behavior, respiratory rate, and 
provoked behavior prior to making a determination of euthanasia. Weights taken 2-24 
hours prior to irradiation will be used as a baseline reference. 

V.4.1.2.3. Paralytics: NONE 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: PubMed (National Library of Medicine). 

V .4.1.3.2. Date of Search: 4/10/2016 

V.4.1.3.3. Period of Search: 1986-2016 

V.4.1.3.4. Key Words of Search: Individual and combination of following words was 
used; pain, analgesic, mice, alternative. procedure, justification, radiation injury. 

V.4.1.3.5. Results of Search: 
There are no alternative procedures for irradiation because its effects cannot be 

otherwise duplicated. 

Review of several research article for irradiation protocol and post treatment did not 
reveal any usage of any separate drug specifically for alleviating the pain associated 
with the irradiation. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: 
All the animals will be treated with local application of antibiotic ointment (over 

the counter available Neosporin) after the ear punching. Analgesics such as opioids, 
local anesthetics and non-steroidal anti-inflammatory drugs (NSAIDS) cause alteration 
in the host inflammation response. Several research articles have been published 
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looking at the beneficial effect of NSA!Ds after radiation exposure and their use has 
been recommended post irradiation. Since alteration in inflammation hemostasis play a 
crucial role in radiation injury, administration of these drugs may alter the host response 
to irradiation and negatively affect determining the radioprotective efficacy of MOP 
complex. Therefore, these drugs will not be used in the studies (experiment 1-4). We 
have previously conducted toxicity study for MDP and it was found to be completely 
safe in vivo. Thus, we don't expect any side effects from MDP treatment. Regarding 
pain, there is no data or indication that it will enhance pain. A logical guess may be that 
due to its free radical scavenging properties it may reduce the pain via controlling the 
inflammation, however that is speculative. 

However, sufficient care will be given to ensure frequent monitoring of the 
animals and performing early euthanasia as soon as the disease symptoms (as 
explained in section V.1.1 and V.4.5) are visible to alleviate unnecessary pain and 
distress to the animals. 

V.4.2. Prolonged Restraint: NONE 

V.4.3. Surgery: NONE 

V.4.3.1. Pre-surgical Provisions: N/A 

V.4.3.2. Procedure: NIA 

V .4.3.3. Post-surgical Provisions: N/A 

V .4.3.4. Location: NIA 

V.4.3.5. Surgeon: NIA 

V .4.3.6. Multiple Major Survival Operative Procedures: NIA 

V .4.3.6.1. Procedures: N/A 

V.4.3.6.2. Scientific Justification: N/A 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: 
Subcutaneous injections (a total volume of 200µ1/ mouse) will be administered on 

the back of the animals for MDP treatment using 23G 5/8 - 28G 1/2 needles. 

V.4.4.2. Biosamples: 
For experiment#1, 2 and 3, blood will be collected on day 30 and for experiment#4, 

blood will be collected on day1, day3 and day7 via cardiac puncture. Animals will be 
deeply anesthetized with C02 (fill rate of 10-30% of the chamber volume per minute), 
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an'd thoracic cavity will be opened to gain ac.c:ess to the heart and blood will be drawn 
using 26 gauge heetiJle on a 1cc syringe from the right ventricle. Spleen, bone marrow. 
and ileum will lbe collected from mice for experiment# 1-4. 

V.4.4.3. AdJuvants: N'ONE 

V.4.4,4. Mafiloel'.Qlfl~l AnttboeJy (MAbsJ Production~ NONE 

V.4.4.5. Animal iden'tifl~ation; Ear punching will be used to identify the animals 
withilFt each cage. if needett, Ears will be punched at least 2 days prior to the initiation of 
the ,experiments. 

V .4.4.6, Behavioral Studi~: NONE 

V.4.4.7. Other Protedur,es: 
lrrmllalit>Ji..rup~d_u.r_e : 

Animals will be exposed to whole body gtamma radiation using the USUl=IS cesium-
137 source (Gamtnaceu 40 or JLS Mark 1 irradiator~mbient temperature. The 
irradla(tRrs are !qcated lnrs!de the USU !radiator facilit~~d a~tes~ is restricted. 
Drs.1(6) .i . are approved as authorized 1rrad1ator operators 
and authorized 'for une~corted access into the irradiator facility. They will perform the 
irradiations. During irradiation mice will be kept ln a circular well ventilated covered 
container which will then be placed in the irradiator on a turn table to ensure uniform 
whole body irradiation. The amount of time for radiation exposure will be calculated 
based on the current dose rates of the sources and the final desired dose (as listed in 
the experimernts above). Control animals will be sham-irradiated and will receive the 
same handling and procedures as the irradiated mice except the radiation exposure, 
There .aftet animals will be housed back in their original room in a fresh cage containing 
sterile bedding. Animals will be fed water and food at libitum. We have also consulted 
with Mr.1<6>16! I Assistant RSO, EHS Radiation Safety' regarding the 
irtadlation of mice using the Cs 137 irradiatot. 

Oral administration of MDP complex: Oral (p,o.) administration of MDP complex will be 
done using round tipped 20G-1& 1/2 disposable animal feeding needles {Fisherbrand. 
Cat# 01-208-87}. 200 ul of MOP comple.1< in saline will be slowly relea.sed inside the 
mouth along the cheek lining and mouse will be allowed to swallow the fluid. Complete 
oral gavage admin1isterin9 the fluid in mouse stomach is not being done due to issues 
that the procedure may bruise the esophageal linmg resulting in a combined injury 
(bruising + radiation). Combined injurry (wound + radiation) has been shown to reduce 
the survival in mouse over irradiation alone in B602F1/J mice that are proposed in this 
protocol (Kiang and Fu!kumoto (2014) Health Phys. 2014 Jun: 106(6): 720-726). 

Ear punching: Ear punches wlll be made 2 days prior to the initiation of the experiments. 
S.aissor style ear punch (Kent Scientific. cat# INS500076) will be used to make ear 
punch. Anlmals will be identified in the following manner: 
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Mouse #1-No holes. 
Mouse #2-0ne hole on the right ear. 
Mouse #3-0ne hole on the left ear. 
Mouse #4-0ne hole on each ear. 
Mouse #5-Two holes on the right ear. 
Mouse #6-Two holes on the left ear. 
Mouse #7-Two holes on the right and one hole on the left. 
Mouse #8-Two holes on the left and one hole on the right. 
Mouse #9-Two holes on each ear. 

Mostly numbering from 1 to 5 five will be required and further identification will be done 
based on the cage number followed by the animal number. A topical application of 
Neosporin ointment will be applied over the punch before returning animals to their 
cage. 

V.4.4.8. Tissue Sharing: Tissues and samples collected under study will be stored 
as appropriate and will be available to share if required and useful in reducing any 
additional animal work. 

V.4.5. Study Endpoint: 
For Experiment#1-3 study end point will be day 30 and for experiment#4, study end 
point will be on day 1, 3 and 7 from the day of irradiation. If an animal is found to exhibit 
significant adverse clinical symptoms such as ruffled fur, weakness, lethargy, difficulty 
breathing, weight loss of more than 20%, or loss of appetite, are cool to the touch, show 
inappetance, or diarrhea, such animals will be identified in consultation with the LAM 
veterinarian and will be humanely euthanlzed by LAM staff or Pl staff. Experimental 
mice that are found morbid, but not moribund, based on the scoring criteria listed under 
section VIII, will be allowed to continue in the experimental protocol in order to obtain an 
optimal number of specimens for evaluation. 

V.4.6. Euthanasia: All animals will be humanely euthanized using deep C02 
anesthesia (flow rate of 10-30% of the chamber volume per minute) followed by cervical 
dislocation. Animals will be euthanized at the predetermined end point of each 
experiment except for the animals that are found moribund as described in section 
V.4.1.2.2 for which euthanasia will be done as required. In experiments requiring 
terminal blood collection, blood will be collected via cardiac puncture after deep C02 
anasthesia following which cervical dislocation will be performed as described in 
V.4.4.2. 
V.5. Veterinary Care: 

V.5.1. Husbandrv Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs and by LAM personnel for 
each species in this protocol. Animals will be housed in autoclaved cages and will be 
provided with acidified water. lf the cages are found dirty during inspection by the Pl 
staff, they will also change the bedding as needed. Graduated water bottles will be used 
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to determine the water consumption per cage per day for 1 O days after the irradiation 
procedure. 

V.5.1.1. Stlldy Room: Barrier housing is required for Ultra clean condition for 
lmmunoeompromised an'imals .. Room will be designated by LAM as per the availability 
of the room. 

13uilding(s) ltb)(6) I__ Room Number(s) TSO 

V.S:f.2. Special Husbandry Prt'.lvisi<ms: Animals Will be housed and handled 
according to LAM SOPs 'for SSL2 llandHng. 

Food R·estrittion: Yes No x 

.Elu ictBe:s_tricti.o_o: Yes No x 

V.5.1.3. ff.x_c_eptio.ft~; For e~periment # 1w4, mice will be group housed except during 
the irradiation proceaure as described above or in the event that their cage mates have 
had to be removed from the study; under these circumstances they will be housed 
individually. 

V.5.2. )fetetinaa; Medie_al CaJe~ 

V.5.2.1. Mu.tine Veterinary MediGal Care: Mice wlM be cneckea on daily oasis by 
the LAM veterinarian and Pl staff. Routine care such as plentiful chow, water and 
change of beds will be provided by the DLAM staff. However. LAM staff will be 
requested (a note will be posted in the room) not to change the water bottles during 
initial! 7 days after irradjation tor experiment# 1-4 since water consumption will be 
monitored by the Pll staff. 
Mice ~hat show increased distress as determined by the veterinarian and described in 
section V.4.5 will be removed from the study and will be humanly euthanized by the 
DLAM or the Pl staff as described in the section V.4.6. 

V.5 . .2.2. EJn_e_rgency 'Veterinacy_MR.dJ~_aLCue: All emergency, weekend. and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and a1n on~call veteri1narian. Essential husbandry procedures and health 
rounds a1re conducted by LAM personnel once daily during weekend and holidays. 
Additional two checks will be conducted by the Pl staff during the heightened 
observation period as des:cr1ibed in section V.4.1 .2.2. ). Moribund animals meeting the 
study endpoint criteria in section V.4.5 will be euthanized as per section V.4.6. 

V.5.3.1. Enrichm~nt_S_jrate9y: Except as indicated below, all animals on this 
protocol wlll be provided with routine environmental enrichment in accordance with LAM 
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SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents; bans. 
toys and food enrichrtiem treats for large anirrlal species. 

V.5.3.2. cnrit:hment Restriction§: None. 

VI. SillDY PERS__ONNE1=__Q1JA6.IFJCAT~Oli_5-AflD_I_RAJNING~ 

SIUOY PERSONt-U~b QtJ..Al.JFICATIONSfTRAINING 

rf'rotocol activity or 
proceal!Jre (e ·g .. tail vein Name of person 

ini~ctlons. euthanasia} oerforrning actlvliy 

Subcutaneous {b)(ti) 

in,jections, oral 
ad ministration, 
euthanasia, blood 
and tissue 
collection. 

Injection, 
eu~hanasia. blood 
and tissoe 
collection. 

lnjectlc»n, 
euthanasia, blood 
and tissue 
collection. 

lnjectijon, 
euthanasia, blood 
and tissue 
co'llectiorn, and 
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Qualif1t-at101is Of person 5peaitle training in tfl ls 
performing actJvlty (e.g. aefrvily oF proGedwre 

research tecflnician, 2 yrs (e.g .. rodent handling 
@xQenenel!!) class 19991 

Staff Scienti$t. > 12 Rodent handling 
years of experience training class 2002 
with the rodent and 2006, USLJHS 
models. Investigator Training 
SC injections. 12 Course (2006) 
years; cervical 
dislocation 12 years. 
COz anesthesia 12 
years: cardiac blood 
collection, 1 o years, 
oral gavage: 4 vears. 
Research associate, 
>a years of 
experience handling 
an1ima1 samples. 
SC, 7 yrs, 
C02 anesthesia, 7 
yrs: and oral gavage; 
7 yrs. 
Staff Scientist, 8 Rodent handling 
years of experience training class 2008, 
handling animal USUHS Investigator 
samples, Training Course 
SC injections. 2 2007, 
years: cervical 
dislocation 2 years: 
C02 anesthesia 2 
year,s: and cardiac 
blood collection, 2 
years. 
Post-doctoral fellow, Rodent handling 
8 years of experience training class 2008, 
handling animal USUHS Investigator 
samples. Trainina Course 
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Irradiation (b)(6; SC injections, 2 2007, lrradiator user 
prbcedure. years; cervlcal training 2012 

d·islocation 5 years; 
CO:z anesthesia 5 
years: and cardiac 
blood collection, 2 
vears. 

I . , n1eetions, Post~doetoral fellow. Rodent handling 
euth::ln~sia , blood 5 years of experience training class held 
and tissue handling animal on 08/17/2010, 
collectlon, arYa samples. USLJHS Investigator 
Irradiation SC injections. 2 Training Course 
procedure. years; cervical 08/17/2010, 

dislocation 2 years; lrraaiator user 
C02 anesthesia 2 training 2012 
years, tail vein nick 
blood collection. 2 
years; and tissue 
collection, 2 vears, 

VII. BflOHAlAROSfSAFETY: 
Drsl<b)(G) . I list~d in the present IACUC protocol have 

been trnined either as radiation users or as gem~ral radiation users on a regular basis 
and will perform the inadiations. Rad iation dosimeters will be worn as required during 
the irradiation procedure and exposure will be minimized in accordance with ALARA 
principles ·of radia~itm safety. Exposure doses will be monitored for each individual as 
per the usu radiation oiosafery program All investigators and technicians will use 
appropriate procedures which will include wearing of mask, bonnet, gown, booties, and 
gloves during obs·ervetion of mk e and terminal sample collections, All Pl staff involved 
in ~he study witn animal contact will undergo annual health survey. All sharps such as 
needles, surgioal blades etc.. will ibe discarded in the red sharps containers. No 
recapping of needles will be practiced. All formalin requiring procedures such as storing 
cf tissues 1in formalin for histology will be performed under a chemical hood with specific 
filters for handling formann. Formalin waste will be discarded in clearly labeled 
conta'lners accordance with the USU chemical waste pickup guidelines. All investigators 
and technicians are current in their safety training and medical surveillance. 

VIII. ENCLOSURES: 
Rodent intervenbion Score Sheet 

Rodent Intervention Score Sheet 

PARAMETER DESCRIPTION SCORE 

Appearance Normal (coats smooth, eyes/nose_c_le_a_r..:...) --1----- 0_: ----i 
Red_uced orooming OR minor hu_nc_h_in_,,._ _ _,_ ____ 1 _ __ ~ 
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Ocular/nasal discharge AND/OR rough 
3 coat and hunching OR facial edema 

Emaciated, dehydrated, OR soft stools 5• (fecal matter around anus) 

Presence of bloody diarrhea 9 

General Normal 0 
Minor changes - writhe or grimace, slightly 

-
behavior 

1 less active than baseline 
Moderately less mobile and alert 2 
Ataxia. wobbly, appearing weak s• 
Unable to stand 12 

Normal breathing 0 

Respiratory Increased (double) breathing rate, rapid or 
6 shallow 

Rate Abdominal breathing (gasping +/- open 
12 mouth breathinq) 

~ 

Normal 0 
Provoked Subdued or weak, but moves away when 
behavior stimulated 1 

Subdued even when stimulated (moves 
3 away slowly). 

Unresponsive when stimulated, weak, 
6* precomatose 

Does not right when placed gently on side 
within 5 seconds, or no response when 12 
pinch the paws 

*Notify LAM immediately - may need to euthanize 

<6-Normal 

6-9 - Morbid, some pain/distress, monitor at least three times a day. 
>10 - Moribund. Either euthanize or notify LAM. If any single category is at 12, 
euthanize animal immediately. 

Notes: Mice found to have lost greater than 20% of their body weight (relative to weight at star1 of 
experiment) will be brought to the attention of LAM staff or euthanized immediately. 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol. I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein. unless a modification is specifically 
1approved by the IACUC prior to its implementation. 

e. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical As&:urance; I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimtUm number of animals needed for scientific validity are used," 

D. leiohazard\Safety: 1J have taken into consideration and made the proper 
coordination rega1n~ lng all applicable rules and regulations concerning radiation 
1Protection, biosafety, recomb'inant issues. and so forth. in the preparation of this 
1Protocol. 

e. Training: I verify that the1 personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been p.roperly tr,ained to ensure that no unnecessary pain or distress will be 
rCaUS"ed to the animals as a result of (he procedures I manipulations, 

F. Training: I verify that I have. attended the USUHS Investigator/Animal User 
Training Course. 

r)(B) it/ ld ,, 
Pl'int%pal lnvestigat'OI Signature Date 

G. 'Training: The following personnel will attend the ne.x:t USUHS 
fn\lestigator/Animal User Training Course; 

H. R.espornsibinty: I acknowledge the inherent moral. ethical and administrative 
obligations associated with the performance of this animal use protocol, and l assure 
that all individl.!lafs associated with this project will demonstrate a concern far the health, 
comfort, welfare, and well-being of the research animals. Additionally, l pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasiole and conducting 
humane and lawful research. 
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Principal 1nves11g~cQt gnature Date 

I. Paifllfol Procedure(s)~ 

I am conducting biomedical e)(periments which may potentially cause more than 
momentary ior slight pain or distress to animals. This potential pain and/or distress 
W~LIL NOi be relieved with the use of anesthetie-s, analgesics and/or tranquilizers. I 
have considered alternati-1es to such procedures: however. using the methods and 
sources ,described in the prot.ooul, I have determined that alternative procedures are not 
avaHable to accom lish the ob·ectives af this proposed experiment. 
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.A, Animal Protocol INumber: 

B • . Ani1mal Protocol Title: Deinococcus radlodutatls Mn2., Complexes: A Revolutionary 
Approach to RacJioprotection (in mice). 

c. Principal Jnvestlg'3tol'.: .... 1{6_><
6_1 ____ __. 

D. Perf:prming Omarniz-ation: USUHS. Bethesda. MD. 

E. funding: Defense Threat R1eduction Agency. 

F. Qbi~cnwe a~~iu2roacn = 

The specific objectives of the proposed study are: 

1. Evaluate tlhe efficacy of treatment with the MOP complex on survival after RI and 
evaluate the underlying cellular changes during the process. 

2. Evaluate the efficacy of prophylactic and therapeutic treatment with MOP complex 
on survival! after RI. 

3. Evaluate the effect 1of different doses of radiation exposure on the efficacy of radio· 
protection by MDP complex treatment. 

Recently, have shown the 
p~ote·ctlve effi~cy of the peptide (b)(4l isolated from the t;)acteria 
Deinococcus radiodurans against e)(posure to sub-lethal radiation exposure. Now, we 
wan~ to further revaluate its radioprotective potential at higher doses of radiation 
exposur·e and at different treatment doses. Additionally. we will explore tne underlying 
mechanism of MOP induced radloprotection in vivo. 

G. Jndex~ng Trerms (Descrietors): Deinococcus radiodurans, radioprotection, 
Mangarnese(Mn2.i.)-Decapeptide-Phosphate complex. radiation injury, protein protection. 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
4301 JONES BRIDGE ftOAO 

BETHESDA, MARYLAND 201144712 
http ://www. u~uhunll 

Julyl9.2013 

MEMORANDUM FOR DR . ._ICb-)(o-) _ __,I DEPARTMENT OF PEDIATRICS 

SUBJECT'. IAC:tJC Approval of Protocol = Triennial. Review 

The following application was reviewed and approved by the Unifonned Services 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Comminee 
(IACUC) via Designated Member Review on July 19, 20JJ: 

Animal Pro~ocg_l Title: "Generation and Characterization of Genetically Engineered Mouse 
Strains Carrying Setbpl Mutations'' 

USUHS Protocol Number: l._<
5_>16_> ___ _, 

Expiration Date: July 18, 2016 

S 
• G . ( . 1'.I be l(b)(6) _upoortmg_ rant s Li~ um _ r: \... ____ ,......___, 

Name of Principal Investigator: Dr.( ... (b-)(e_) __ __, 

The USU HS has an Animal Welfare AssWilnce on file with the Oflke for Laboratory 
Animal Welfare (OLA W}. National Institutes of Health (NIH). The Assurance Number is 

ftJ)(5l IThe IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be <::ompleted by the anniversary date of the protocol. If work is to be continued past the 
expirat16n date, a triennial review must be completed prior to the expiration date irr order fot 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders, it is the 
investigator's responsibility to submit an annual review form (Fom1 3206A) at least 30 days in 
advance, or a new Fonn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order. please contact MAJ({b)(5l I to schedule 
a pre-protocol planning meetind1~)(B) I This meeting must occur to ensure animal numbers 
are loaded in the CART system and LAM res · · - -· your needs. 

cc: 
Office of Research 

,_\b_lc5_> ___ _,Ph.D. 

Chair, Institutional Animal 
Care and Use Committee 

Learning to Cart for 1host in Harm's ffiiy 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 
IACUC Date Stamp 

PROTOCOLNUMBER:_l<b_)~_> ______ __ 

PROTOCOL TITLE: Generation and characterization of genetically engineered mouse 
strains cartying Setbp1 mutations 

GRANT TITLE (if different from above): Characterization of molecular mechanisms 
underlying cancer development using mouse models 

USUHS PROJECT NUMBER: ._l(b-)(s)--~ 

FUNDING AGENCY: Pediatrics, USUHS 

EARLIEST ANTICIPATED FUNDING START DATE: 7/16/2013 

PRJNC_IPAL INVESTLGATOR: (bH
5J 

(b)C ) 

Pedia1rics ._l
16_R6_) ____ ...L 

Department Office/Lab Telephone 

5°'/31/;::, 
Date 

SCIENTIFIC REVIEW: This anima) use proposal received appropriate peer scientific 
~ vi w_aJ:tdJJLC_QO_si_sie_nLwJ.th good scientific research practice. 

Chair "!"!l<bX-5
> ____ ! S-01;{1 

Title Telephone 'Oiti Researc Untr~~jet I pept . Head Signature 
Typed Name b I 

Statlsllelai"I S{lil!!'gnl,l!!~f."'11tuw· re ........ ~~--. 
Typed Name.._~{b....,)( .... > ___ ~ 

PMB l(b~B) 
Oepartmente1ephone 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress. even if 
relieved by anesthetics or analgesics. 
) 
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ANIMAL PROTOCOL NUMBER:! ,_(6_l<5_> ___ __, 

PRINCIPAL INVESTIGATOR:._f0_><
5

_> __ !Department of Pediatrics 

ANIMAL PROTOCOL TITLE: 
Generatiol'I and characterizatiOn of gerietically engineered mouse strains carrying 
Setbp1 mutations 

GRANT TITLE (if different from abo'!!}: Characterization of molecular mechanisms 
underlying cancer development using mouse models 

USUl:lS__P80JECT NUMBER:.._riiiii)(Biiiii) iiiiiiiiiiiiiiiiiiii.......,_, 

CO-INVESTIGATOR(S): NIA 

TECHNICIANS(S\i,_{6)_l6l ______ ___. 

I. NON-TECHNICAL SYNOPSIS: This study is designed to use mice as a model to 
characterize the function of a new gene called Setbp1 during normal human 
development. We will generate genetically engineered mice carrying mutations in 
Setbp1, which will be used to characterize the effects of these mutations on blood 
generation and neural development. For some studies, immature blood cells from these 
mutant mice will be transp lanted into normal mice to better characterize their 
regeneration properties. Transplant recipient mice will be irradiated before 
transplantation to enhance the establishment of the transplant donor cells in their bone 
marrow. Irradiation at our proposed dosage is lethal to mice if not treated afterwards. 
However. these recipient mice in our study will be fully rescued by the subsequent 
transplantation of donor immature blood cells. 

11. BACKGROUND: 

11.1, Background: Hematopoietic development is a critical process that starts from 
the hematopoietic stem cells {HSCs) and produces all essential cell types in the blood 1

• 

HSC is the only cell type in the system capable of extensive self~renewal. The self· 
renewal of HSCs is essential for sustaining the entire hematopoietic system, and its 
deregulation has severe consequences. Decreased HSC self-renewal could cause 
bone marrow failure while increase in self-renewal could lead to leukemia development. 
However, the critical factors that control HSC self-renewal are still largely unknown. 
Setbp1 is a novel transcription factor found in our recent mutagenic screens capable of 
conferring self-r~newa l capability to hematopoietic progenitor cells that normally lack 
such capability 2·

3
, and was also indicated in human · I ment 4 

sug est in that it ma lay an important role in the L-----"""""'..--~~~ ...... ~ 
~~-------.L.Ll"-ll:lii.li!tth is h othesis we 

and a (b>< ) 

have been proposed in this pr-2t~o further characterize this.'-----------' 
due to Setbp1 loss. Thef6>14r teporter transgene driven 
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by the endo enou: b)(
4
> · remoter and will be used to characterize the normal cell 

type specifi'1.__.:....:t ___ .....,.,. ........ -~~-..1bd.!.!¥..llll&li!.!flUiedge that we learned about the 
function of Setbp1 in the <bl should also help us gain insights 
into its involvement in leukemia development. 

Preliminary studies o~n.u,_ _____ ~ia.1.!!i!.!.l~.2E~~l&ll.l:IU.WL<b_Jc ___ ..JJJ..1.ia:t._ 

cause defects in the < l 
( { ) 

knockout~s_wild=typ~ embryos. Therefore. studying the function 9f ~r.?1 in 
l<b>(4> I may help uncover new molecular me.chanisms,.,<...,>r4 ... > ______ =1 

oons maintenance which remains poorly understood. However, 
b)(4l preventing us from fully assessing the1..1r""Cb"""'l<"""'4l------'-...., 

~---------' In order to circumvent this problem, we have genera~. ,i,:..(b..:..:.....:.._...J 
· · hich ex . ress a neural s ecific Cre recombinase resultin . (bH

4l 

11.2. Literature Search for Duplication: 

11.2.1. Literature Source(al,Searched: 
BRO, NIH RePORTER1 and PubMed 

11.2.2. Date of S1tarch: 5/1812013 

11.2.3. Period of Search: 
BRO: 1996-2013 
NIH RePORTER: 1988-2013 
PubMed: 1950 = 5/30/201 3 

11.2.4. Key Words and Search Strategy: This study is mainly designed to use 
knockout mouse models to characterize the function of Setbp 1 inL.1<

6_>14_> =======' 
1<6)(4) frherefore, "Setbp 1" in combination with ''mouse" was 
used as the search term. 

11.2.5. Results of Search: 
Four projee1s were returned on BRD and they are(l0><

5
> !protocols from 2008 

and 2009. l<6X6) broject entitled "Role of Setbp1 in leukemic stem cell self-
renewal" was the onJy project returned on NIH RePORTER. However, this project 
focuses ?n over~xpression of Setbp1 in leukemia develop~ent and does not address 
the function of l<b <4) ITwo art1cles5

·
6 were returned on 

PubMed_ However, both of them tried to study effects of Setbp1 overexpression and 
none addressed the normal function of Setbp1 during development using allbH4

> I 
1(6)(4) lmouse model. 

Ill. OBJECTIVE\HYPOTHESIS: The objective of this protocol is to understand the role 
.of Setbp1 during development, e.speoially its function in the setf; renewal of 
hematopoietic stem cells and neural stem cells, through characterizing the phenotypes 

USUHS Fomi 3206 - Revised June 2005 
Previous versions are obsolete 

3 



of mice carrying different mutations of Setbp1. By carrying out this study, we al!io nope 
to gain insights into the mechanism through which overexpression of Setbp1 may cause 
leukemia development. 

IV. MILITARY RELEVANCE: 
Military personnel on the battlefield could oo e>cposed to rad iation or toxic substances 
that could induce leukemia development later in life. Understanding the mechanisms 
underlying leukemia development should help find preventive measures and better 
treatments for this devastating disease. The focus of this study involves characterizing 
the molecular mechanisms controlling self-renewal of normal hematopoietic stem cells, 
however deregulation of the same mechanisms is also likely responslole for the 
uncontrolled self-renewal by malignant stem cells in leukemias. Therefore, 
accomplishing this study has the potential to identify novel pathways that could be 
targeted for treating leukemias. 

V. MATERIALS AND METHODS: 

V.1. Experimenta_I Design and <lener11 Procadyre1: 
V.1.1. Experiment 1: 

t:·~r oreylpus studies we ha~e fllucd lbatlWI 1

1 
- b 4 I We 
will test in this study whether this defect can be reversed by expression of exogenous 
Setbp1 jn more differentiated hemato@t!tie progenitors. Fetal liver cells from E18.5 
l1bl<4> _ ill be used to carry out this study. These cells 
will be infected with a replication incompetent retroviral vector expressing the Setbp1 
cDNA or control empty vector, and subsequently transplanted Into irradiated BS= 
LY5.2/NCr recipient mice (7-12 weeks old) along with supporting bone marrow cells 
from un-irradiated B6-L Y5.2/NCr miee. These recipient mice will be aged for 4 months 
for the assessment of l T-HSC rescue; 

Setbp 1 and empty virus will be collected from culture medium of cell lines designed to 
package viral particles in ecotropic envelops. After initial infection these viruses are no 
longer infectious and are replication deficient. Prior to and during infection, these fetal 
liver cells may be cultured in the presence of recombinant murine growth factors 
including lnterleukin-3 (IL-3), IL-6, and stem cell factor (SCF) to stimulate their 
proliferation (In-vitro procedures only) BB-LY5.21NCr mice (7-12 weeks old females 
purchased froml(b)(a) Will be used as donors for the competing bone marr&=, 
cells as well as transplant recipients. These mice are immune-compatible with our~ 
~ice and no immune rejection between donor and host oells after transplantation is. 

expected. The hematopoietic cells of B6-LY5.f/Nfr mire also Wtfry the LY5.2 marker 
that is used to distinguish them f rom the donor ~0><4 ~ells e><pressing a 
different L Y5.1 marker. Sefore transplantation, 86-L Y5-2/NCr recipients will be 
irra i ted with1, 100 rads of total body irradiation from a 137 Cs source located at room 
<0X6J which eliminates the endogenous HSCs and enables efficient engraftment of the 
transplanted cells. The mixture of fetal liver cells and supporting bone marrow cells will 
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be subsequently introducea into each recip1E?nt in 200ul volume in PBS by tail vein 
injection. The dose of irradiation used is expected to be lethal within 10 days in the 
absence of bone marrow reconstitution by transplanted celfs. Following transfer of the 
hematopoietic cells mice will be monitored for signs of distress at least twice daily, 
Since, in our past experience, morbidity due to reconstitution failure usually occurs 
between 7 and 10 days after irradiation, an additional daily inspection will be earned out 
during this period to catch distressed animals as soon as possible. Any recipients 
found Morbid will be euthanized immediately. Successful recolonization o( the recipient 
bone marrow in transplanted animals results in restoration of c-onstitutive hematopoiesis 
over the normal life span of the recipient. Past experience has shown that lethally 
irradiated mice can suffer from infection. To prevent infection, all recipient mice will 
receive amoxicillin at a concentration of SOOug/ml in the drinking water from 3 days prior 
to irradiation to 10 days post irradiation. 

Each transplantation experiment consists of 2 experimental groups and requires a total 
of 11 86·1.. Y5.2/Cr animals as listed below: 1. ko/ko fetal liver cells transduced by 
Setbp1 virus(S recipients); 2. ko/ko fetal liver cells transduced by empty virus (5 
recipients). One animal will also be needed to provide supporting bone marrow cells for 
transplantation along with indicated fetal liver cells. In addition. 3 tatal livers will be 
needed to provide sufficient donor cells for infection and transplantation into 10 
recipients. All recipients should survive for at least 6 months a·fter transplantation. Two 
of the recipients of each group will be euthanized at 2 month and the rest at 4 month 
after transplantation. Bone marrow will be collected at euthanization for analysis of 
reconstitution of long=term hematopoietic stem cell compartment by transduced donor 
cells by FACS. Above described transplantation experiment will need to be repeated 3 
times lf'l order to draw any conclusions. Since this fetal liver eell tranSduction and 
transplantation procedure contains several sensitive and error prone steps such as 
preventing stem cell differentiation during in vitro culturing and ensuring their high 
transduction efficiency, one additional experiment is requested for personnel training 
and potential experimental failures due to human errors. Therefore, the total number 
of 86-L YS.2/NCr mite requir•d for this study is: [11 animals/experiment J5z..5, 1 l x 4 
experiments • '44]. A total of 12 (3 donors/experiment x 4 repeats) E 1 e.sp»t4) ----embryos will be needed as fetal liver cell donors. 

s f . d ummary o reQU)re b f E anima num ers or xpenmen t 1 
! Experimental groups 

Strains 
Setbp1 virus Empty virus 

Supporting B.M. Total 
i 
I 86~L Y5.2/NCr 20 20 4 44 
11to1t~> I 
11 liver cell donor) 12 12 

V.1.2. Experiment 2: 
We will also determine whether Setbp1 is re -uiredJor known cmc , -en~ b)( l _ to 
induce leukemia. Fetal liver cells from (bl<4

> 

l(b)(4J Win be used to carry out ""th=is=st=u=dy=.=r"""h=e=s=e=ce=1s=wi====·11=b=e=im====e=ct=e=d=w=it=h=a==' 
replication incompetent retroviral vector expressing th ro><4> cDNA; and 
subsequently transplanted into irradiated B6·LY5.2/NCr recipient mice (7-12 weeks old) 
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along with 5 x 105/recipient supporting bone marrow cells from un"irradiated 86-
L Y5.2/NCr mice. Same infection, irradiation, and transplantation steps as described in 
Experiment 1 will be followed . Recipient mice will be aged for 4 months for the 
assessment of leukemia development Recipients for infected~ells are expected to 
develop leukemia in 3 to 4 weeks and are included as positive controls. 

Each transplantation ~xperim~t consists of J bXxpef men~al groups and requires a total 
oll 1 B6-L1~5.2/Cr animals as hstecl below: 1 l 4> eta! liver cells transduced by 
l{b'll.fl tJiru!(5 recipients); 2~etal liver cells transduoed byfbJ{4) lvirus {5 
recipients). One animal will also be needed to provide supporting bone marrow cells for 
transplantation along with fetal liver cells. In addition, 4 fetal livers (2 of eaeh genotype) 
w ill be needed to provide sufficient donor cells for infection and transplantation. All 
recipients should survive for at least 6 months after transplantation. Any transplant 
recipients showing signs of leukemia development including rough coat. listlessnessi 
decreased body weight, and hunched appearance, will be euthanized immediately and 
fresh t issues including bone marrow, spleen, thymus, liver, and kidney will be collected 
and examined by flow cytometry, tissue culturing and pathology. Any remaining mice 4 
month after transplantation will be euthanized. Above described transplantation 
experiment will need to be rep_eated ~=times in order to draw any conclusions. Since 
this fetal liver cell transduction and transplantation procedure contains several sensitive 
and error prone steps such as preventing stem cell differentiation during in vitro 
culturing and ensuring their high transduction efficiency, one additional experiment Is 
requested for personnel training and potential experimental failures due to human 
errors. Therefore, required 86-L Y5.2fNCr animal&: 11 animals/experiment x 4 ............... ~ ..... 
~erlments • 44 mica. A total of 16 (4' donors/experiment x 4 axperiments._J(b_><~_> _ __. 
~mbryos will be needed as fetal lh16r cell donors. 

s f ummary o reauir b 1 E anima num ers or xoenme nt4 

Strains 
Experimental groups 

Supporting 8 .M. Total l0)(4) 

86-LY5.2/NCr 20 20 4 44 
(0)\4) I 16 
{liver cell donor) 8 8 

V.1.3. Experiment 3: 
'!"e will also ~;Ttermjne wheth~r Setbp1 is required for the mal~tenance ~~a.i;;u.1.1.1a _ _, 

induced byfb) 4 I For this purQ.ose. bone marrow progenitors fro "*"""( ..--------1 
mice (2-4 months old) carrying al<6)(4) ~lle le of Sm:emt~b .... 1......_...,< r-----
llb><4l I will be infected with the same virus 
described in Experiment 2, and subsequently transplanted into irrad iated 86-LY5.2/NCr 
recip ient mice (7~ 12 weeks old) along with 5 x 105 Sllpporting bone marrow c.ells from 
un- irrad iated 86-L Y5.2/NCr mice. Once leukemia develops in these mice, they will be 
euthanized to purify leukemia stem cells (lin·sca·1+c-kin from their bone marrow. 
These leukemia stem cells w ill be subsequently transplanted into irradiated secondary 
recipient mice (B6-LY5.2/NCr) along with 5 x 105 supporting bone marrow cells from un
irradiated B6-LY5.2/NCr mice. At 2 weeks after transplantation, all secondary recipients 
will be injected with poly l:C, which ltbl<4J , • ,I leukemia 
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cells and no changes in lt5><
4
> lieukemia cells, and subseQuently aged for 

assessment of leukemia development. All retroviral infection, Irradiation, 
transplantation, and monitoring steps will be carried out as described in Experiment 1. 
Any remaining mice 4 months after transp lantation w ill be euthanized . 

Jn order to achieve statistical s' nificance, 3 primary leukemias of each genotype __ 
(b)(4l will be tested. To generate these leukemias, 201<6){4> 

< onor mtce (10 eac:h genotype) will be needed to extract sufficient bone 
marrow for infection. 2 additional B6-LY5.2/NCr mice will be needed to provide 
supporting bone marrow cells. Therefore, a total of 8 B6-LYS.2/NCr mi~e (6 as 
recipients and 2 as supporting marrow donors) and 201(15){4) J mice are 
needed for leukemia generation. For secondary transplantations to assess leukemia 
maintenance, each leukemia will be transplanted into 5 secondary recipients and 6 
additional B6·L Y5.2/NCr will be needed to provide supporting bone marrow cells, 
Therefore, a total of 38 86-L Y5.2/NCr mica (5 recipients/leukemia x 6 leukemias + 6 
supporting marrow donors) are t-equired for secondary transplantations. 

s f t E ummary o required animal numbers or xoeriment 3 

Strains 
Experimental groups 

Supporting B.M. Total lD)(4) 

B6-LY5.2/NCr 18 18 8 44 
lD)(~) 

(BM donor) 
10 10 20 

V.1.4. ExR!riment 4: 
Our prevjous studies suggest that ._b_J<4_> __ """""' ______ ..--______ ___. 

l<bJ(4J I To test this idea, bX4
> ill be challenged with 

5-FU treatments in a competitive reconstitution assay in comparison to wild-type HSCs. 
The 5-FU treatments deplete the number of more mature progenitor cells in the bone 
marrow and induce proliferative stress on HSCs. Reduced reconstitution capability of 
Setbp1 null cells after the treatments will sugoest that Setbp1 help protect HSCs under 
stressful conditions, For this purpose, 5 x 1 o5 bone marrow cells from 1<6>14> I 

mjce (2-4 months old) carrving an polyinosinic:polycvtidylic acid (poly l:C) inducible 
ll6){4> Will be mixed 
with 5 x 105 competing wild~type bone marrow cells from 86-L Y5.2/NCr and then~ 
transplanted into lethally-irradi~~ 86-1 YS 2f NCr recipient micaJ(b)t4> I will 
be induced in tne transplantedf)(4)cells by ~oly l:C injectic>ns of recipient mice 
one month after transplantation. Two weeks after poly l:C injections, all recip ients will 
receive two intraperitoneal injections of 5-fluorouracil (5-Fu) at a dosage of 150 mg/kg 
with a 2-week inteNal. Th is dosage of 5-FU is not expected to cause animal morbidity 
and illness 15. Reconstitution by the donor cells will be determined at one week post 
poly l:C injections and at 1, 2. and 4 months after the last 5-FU injection by retre>=orbital 
bleeding and FACS. All animals will be euthanized after the last retro-orbital bleeding, 
and hematopoietic tissues including bone marrow, thymus, and spleen will be collected 
after euthanasia and analyzed by FACS, Same ca lculation of animal numbers as in 
Experiment 1 applies here. 11 86-L YS.2/NCr mice w ill be required for each 
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transplantation experiment containing 2 experimental groups (one group for eacn of the 
2 genotypes, 5 animals per group, 1 competing marrow donor) and 3 experiments in 
total will be conducted. The minimum number of 86-L Y5.2/NCr mice required for 
thitLsJu_d_ · •-~ j 1 animals/experiment (5,5, 1) x 3 experiments = 33J. A total of 6 
(b l

4
l ice (1 donor/ transplanted group x 2 groups x 3 repeats) will be 

needed as bone marrow cell donon. 

s f f E ummarv o reQuired animal numbers or xoeriment 4: 

Strains 
Experimental groups 

Competing 8.M. Total (0)[4) 

B6-LY5.2/NCr 15 15 3 33 
(b)(4) 

(BM donor) 3 3 6 

V.1.5. Experiment 5: 
Jn order to understand the mechanisms through which Setbp1 libl<4> I 
l{b)(4) lwj will carry out expres. sion wrofiling studies to identify targets of 
l<bJ<4> , Since Setbp1 deletion in (o)(4! lmice induced by 
poly l:C is not specific to the hematopoietic system, 10 exclude potential effects from 
Setbp1 deletion in the microenvironment, we will first transplant their bone marrow cells 
into irradiated B6~LY5.2/NCr recipient mice (5 x 106 celVrecipient) and thenl(bl(4> I 

116)(4) lby injecting the recipient mice with poly l:C. at 4 
weeks after transplantation. Irradiation. transplantation_, and monJtorittg Qf recipients will 
be carried out as described in Experiment 1. Thel(b)(l} lwill be 
purified from the recipient mice at 2 weeks after the last poly l:C injection by FACS and 
used for RNA extraction for microarray-based expression profiling experiments. Due to 
extreme scarcity otl<b)(<i) tn the bone marrow (0.01-0.02%), 10 recipient mice for 
each genotypel<bX4) !will be needed to obtain sufficient 
cells for expression profiling in one experiment. As such, 2llbH4

> hlice of 
each genotypi wm bi needed to provide sufficient donor cells for transplantation in 
each experiment In order to achieve statistical significance, such experiment will be 
repeated 3 times. Total required 86-L YS.2/NCr animals: 20 animals/experiment x 3 
experiments = 60 mice. A total of 12 (2 donors/genotype x 2 genotypes x 3 
experimentstl16l(4) ~ice will be needed as b~ne marrow donors. 

~!!Hl!V of reQuired animal numbers for Experiment 5: 

Strains 
Experimental groups 

Total 110)(4) 

B6-LY5.2/NCr 30 30 60 
I (b)(4 > 

6 6 12 
(BM donor) 

V.1.6. Experiment 6: 
Prelimina studies on Setbp1 null E18.5 embryos suggest that Setbp1 loss may cause 

( ) ) 

._ _______________ __,are significantly reduced in size in 
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knockout versus wild-type embryos. Therefore, studying 1he function of Set .. b-.W,1.;...:.:.;in:-__ 
!{1))(4> !may help uncover new molecular mechanisms controllingl.._1n_4_l ---i 
f6'>(41 ~hich remains poorly understood . 

For this experiment, age- and sex-matched littermates of ice 
consisting of two genotypes: (bJ< will be euthanized at 
approximately 2 months of age an e1r rarns WI to characterize neural stem 
cell function in the absence of Setbp1 J0

><
4

> lwill be collected from these animals after 
euthanasia end subjected to 4 different types of experiments including neural stem cell 
isolation for neurosphere assay, RNA and protein extraction from neurogenic regions, 
immunohistochemistry analysis for different neural markers, and also histological 
examinations. Each type of experiment will need to be repeated on 5 animals per 
genotype to reach any conclusions. So the minimum animal number for each genotype 
i$; 4 experiment types x 5 animals/genotype= 20. In addition, 3 animals for each 
genotype are also requested as a preventive measure for potential experimental failures 
due to unpredictable factors such as human error and equipment breakdowns, and also 
for technique development/personnel training, Therefore, for these studies, the 
requested animal number is: (5 animals/genotype x 2 genotypes x 4 experimental 
evaluations)+ 3 oxtra mica x 2 genotypes• 46 mice. In addition, 15 animal§ of each 
genotype will also be aged for 12 months to study long-term effect of Setbp1 deletion in 
the neural system. The total requested animal number Is: 46 mice+ (15 
animalsfganotype x 2 genotypes)= 76 mice. 

uired animal numbers for Ex eriment 6: 

Strains 
Experimental groups 

Total 

(D 38 38 76 

V.1.7. Experiment 7: ..,....,,.. __ _ 
Seb-LacZ mice of 2 genoty~sllbX4> I will be used to determine the normal 
expression pattern of SetbpWb)(4) IHematopoietic tissues 
including bone marrow, spleen, and thymus will be collected from these animals after 
euthanasia and analyzed by FACS and also histological examinations. Each type of 
experiment will need to be repeated on 5 animals per genotype to reach any 
conclusions. So the minimum animal number for each genotype is: 2 experiment types 
x 5 animals/genotype = 10. In addition, 3 animals for each genotype are also requested 
as a preventive measure for potential experimental failures due to unpredictable factors 
such as human error and equipment breakdowns, and also for technique 
development/personnel training . Th• total raquasted animal number is: (5 
animals/genotype x 2 genotypes x 2. experimental evaluations+ 3 extra mice x 2 
genotypes= 26 mice]. 

uired animal numbers for Ex riment 7: 

Strains 
Experimental groups 
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Seb-LacZ 13 13 26 

V.2. Data Analysis: For all 7 experiments, gene expression, contribution of cell 
populations, colony/cell counts will be compared across genotypes using analysis of 
variance (ANOVA), student's t test, or nonparametric tests as appropriate. A sample 
size of 5 in each group will have 80% power to detect a difference of 2 standard 
deviations between groups using a 2-group t test with a 5%, two-sided significance 
leveL 
For aging studies in Experiment 2-4, log-rank tests will be used to compare time to 
development of sickness such as leukemia across groups. When the sample size in 
each group is 15, a 5% two-sided log-rank test for equality of survival curves will have 
80% power to detect a difference in proportion surviving of at least 54 percentage points 
(e.g. 99% vs. 45% surviving) 

V .3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: Tissue culture was considered, however 
hematopoietic development is a complex process that requires proper interactions 
among different tissue and cell types within the context of a whole animal, and currently 
there is no tissue culture system capable of recapitulating this environment 8. In 
addition, hematopoietic cell lines used in tissue culture studies are different from normal 
hematopoietic cells in that they have acquired mutations that allow them to replicate 
indefinitely in culture, and results from these studies may not apply to normal cells. 
Computer modeling was considered as well, but the regulation of hematopoietic 
development is still largely unknown and there is no system available in the 
hematopoiesis field that can be used to predict gene function and consequences of 
gene mutations. 

V.3.2. Animal Model and Species Justification: I have chosen to use mice for my 
studies because they are genetically well-characterized mammalian organism that has 
been shown to have a very similar hematopoietic system to that of humans, and more 
and more studies have been carried out in mice to understand human hematopoiesis 
and leukemia development 9"

11
. In addition, there are many tools available in mice but 

not in other mammalian models to genetically alter the germline and study the 
consequences of the mutation on multiple organ systems simultaneously. I also happen 
to have extensive experiences working with mouse hematopoietic system as a research 
fellow in the Mouse Cancer Genetics Program at National Cancer Institute. Lower 
organisms such as Zebrafish and Drosophila were also considered, however both 
species are very different from mammals and do not represent good models for 
studying human hematopoiesis. 

V.3.3. Laboratory Animals 
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V .3.3.1. Genus & Species: 

V .3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V.3.3.4. Age; 

Mus musculus 

Seb-LacZ 
SebsKO 

86~6 Y5.2/NCr 

In-house (Seb-LacZ. 
Seb~KO, rJ{I) 
(b)(4l l(B6-
L Y5.2/NCr) 

B6-LY~~NCr a -12 
weeks __ l 12 
months); Seb-KO 
(E18.5):1(6)(ai 11 
mice ·24 mon ); 
}{ } 

( -12 months) 

V .3.3.5. Weight: NIA 

V .3.3.6. S•>c Male: 84 
Female: 309 

V.3.3.7. Special Considerations: Specific pathogen free 

V.3.5. Refinement. Reduction, Replacement (3 Ra): 

V.3.5.1. Refinement: 
All animals on this protocol will be provided with routine environmental enrichment in 
accordance with LAM SOPs and IACUC Polieies. Examples include nestlets and 
tunnels. All animals subjected to irradiatfon will be treated with amoxicillin 3 days prior 
to irradiation to 10 days post irradiation to reduce distress caused by potential infection. 
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Animals observed to be ill or showing signs of pain or distress including 30% reduction 
in body weight (compared to before transplantation), hunched posture, ruffled fur, and 
decreased activity will be evaluated by veterinary staff to be treated or be euthanized for 
relief of suffering. 

V.3.5.2. Reduction: In order to reduce the animal numbers for this study, experiments 
have been designed to include tissue sharing among different experimental procedures 
including DNA extraction, RNA extraction, and protein extraction. Also, sample size 
calculations were performed to use least number of animals to achieve statistical 
significance. 

V.3.5.3. Replacement: Tissue culture and computer models were considered but not 
adopted. Detailed explanations are provided in V.3.1 

V.4. Techoical Methods: 

V .4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 lnfonnation: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

187 

206 

V.4.1.2. Pain Relief I Prevention: 

Species#2 

V .4.1.2.1. Anesthesia/AnalgesialTranauiHzation: For retro-orbital bleeding, 3.5-4% 
lsoflurane will be applied before the procedure through induction chamber of an 
anesthesia machine at LAM until animals are fully anesthetized fjudging by lack of 
movement and decrease in respiratory rate to about once every 4 seconds and a 
negative pedal withdrawal reflex). 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: NIA 

V.4.1.2.3. Paralytics: NIA 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 
N/A 

V.4.1.3.1. Sources Searched: NIA 

V.4.1.3.2. Date of Search: NIA 
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V .4.1.3.3. Period of Search: NIA 

V.4.1.3.4. Key Words of Search: NIA 

V.4.1.3.5. Results of Search: NIA 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification: Whole body 
irradiation of recipient mice is essential for successful mouse bone marrow 
transplantation as it is the only way to efficiently deplete host bone marrow stem cells 
and to greatly increase donor cell engraftment in mice. 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Surgarx: 

V.4.3.1. Pre-surgical Provisions: NIA 

V .4.3.2. Procedure: NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. Location: NIA 

V.4.3.5. Surgeon: NIA 

V.4.3.6. Multiple Major Survival Operative Procedures: NIA 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: Transplantation offetal liver and bone marrow cells will be carried 
out by one time tail vein injection of cells resuspended in 200ul of PBS using 28 Gauge 
x Yz inch needles. Since transplanted cells are from mice congenic to the recipients, no 
immune rejection is expected after transplantation. Injection of hematopoietic cells 
through the tail vein is not known to cause any toxic effects to mice. All cells for 
injection will be obtained from mice housed in USU colony. Injection of all biological 
materials will be in accord with USU IACUC Policy #23 on the use of biological in 
experimental animals. 

Transplant recipient mice in Experiment 3, 4 and 5 will also receive 5 intra-peritoneal 
injections with 2 day intervals of 200 ul poly l:C (a chemical used to induce Cre gene 
expression) at a concentration of 2 uglul diluted in sterile phosphate buffered saline. 28 
Gauge x Y:z inch needles will be used for the injections. Injection of poly l:C at this 
dosage is safe for mice 12

. 

USUHS Fonn 3206 - Revised June 2005 
Pre11ious versions are obsolete 

13 



V.4.4.2. Bioeamples: Retro-orbital bleeding is chosen for the protocol based on the 
blood sample size required for our study and availab le in-house expertise. Given the 
relatively large sample size (200 ul of blood from each animal each time) that is needed 
for our study to perfonn FACS analysis, 2 other blood collection procedures includin~ 
from the saphenous vein and jugular vein were considered as suitable alternatives.1 

·
14 

Saphenous bleeding is the only procedure that isles~ painful than retro-oribal bleeding 
and does not require anesthesia. However, this procedure requires extensive 
experience and has not been performed on mice by any LAM technicians previously. In 
contrast, retr~orbita l bleeding has been routinely carried out by staff in my laboratory 
under previously approved protocols and will be done under isof1urane anesthesia. 

In this protocol, 200ul blood will be obtained each time by retro·orhital bleeding at 
one week after poly l:C injections and at 1, 2 and 4 month after last 5-FU injection as 
described in Experiment 4. IACUC policy on retro-orbital bleeding (POLICY 001) will be 
strictly followed when performing this proeedure. Mice will be anesthetized with 
lsoflurane. When the animal is no longer moving voluntarily it is placed on a paper 
towel. The forefinger of the operator's nondominant hand is used to pull the facial skin 
taut and cause the eyes to protrude slightly while the skin at the back of the neck is 
grasped by the ttiumb and remaining fingers to restrain. Breathing and color are 
monitored ttirougtiout the procedure to ensure that the restraint does not compromise 
the airway. The tip of a capillary tube is gently inserted below the eye at approximately a 
45 degree angle lnto the space between the globe and the lower eyelid . When the tip of 
the pipette contacts the boney floor of the orbit it is gently twisted between thumb and 
forefinger to rupture the capillary sinus. Blood is allO'.Ned to flow by capillary action into 
the pipette. Care is taken not to take any more blood than is needed. At the conclusion 
of the blood withdrawal tension on the animal is released and a gauze pad is gently 
pressed over the eye for about 30 seconds until the bleeding has stopped. A drop of 
tetracaine is added in the eye to reduce any postprocedural discomfort that may occur. 
Normal color and respiration are reconfirmed and the animal is returned to its cage for 
recovery. Alternate eyes are used for successive bleeds. A maximum of two bleeds per 
eye (four bleeds total) will be done. In addition, hematopoietic tissues including bone 
marrow, spleen, thymus, lymph nodes and control tissue brain, lung, and kidney will be 
extracted after euthanasia. 

V.4.4.3. Adjuvanta: N/A 

V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 

V.4.4.5. Animal Identification: Cage cards will be used to distinguish different study 
groups. 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: Recipient B6-LY5.2/NCr mice will be irradiated on the 
day of trans lantation with1100 rads of tota l body irradiation from a 137Cs source located 
at room DJ(5 ice will be transported and irradiated at room temperature in irradiator 
disks (purchased from Braintree Scientific) that maintain a filter protected sterile 
environment and hold up to 20 mice at each time. The entire process will last no more 
than 30 minutes and during which time no food or water will be provided for the animals. 
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Hematopoietic cells resuspended in PBS in a volume of 200 ul will be introduced by tail 
vein injection. Following transfer of the hematopoietic cells mice will be monitored twice 
daily and three times between days 7-10 after irradiation for signs of distress including 
rough coat, listlessness, 30% reduction in body weight (compared to before 
transplantation), or hunched posture. Any recipients displaying any combination of two 
or more signs of distress above will be euthanized immediately by Pl staff. The dose of 
irradiation used is expected to be lethal within 10 days in the absence of bone marrow 
reconstitution by transplanted cells. Successful recolonization of the recipient bone 
marrow in transplanted animals results in restoration of constitutive hematopoiesis over 
the normal life span of the recipient. Past experience has shown that lethally irradiated 
mice can suffer from infection. To prevent infection, all recipient mice will receive 
amoxicillin at a concentration of 0.5mg/ml in the drinking water from 3 days prior to 
irradiation to 1 O days post irradiation, and sterile feed and autoclaved caging will be 
provided. 

V.4.4.8. Tissue Sharing: Tissues may be shared with other investigators upon 
request. 

V.4.5. Study Endpoint: 
The study endpoint for mice is between 2 to 16 months of age as specified in the 
experimental design and general procedures section. Animals could be euthanized 
earlier due to leukemia development or engraftment failure of transplanted 
hematopoietic cells after irradiation. To capture and euthanize animals in distress as 
soon as possible, irradiated mice will be monitored at least twice daily by Pl staff. Since 
morbidity due to bone marrow failure usually occurs between 7 and 10 days after 
irradiation in our past experience, one additional inspection daily will be added during 
this period to catch any possible distressed animals. Signs of these conditions include 
rough coat, listlessness, 30% reduction in body weight (compared to before 
transplantat;on), or hunched posture. Any animals displaying any combination of two or 
more symptoms will be euthanized immediately. 

V.4.6. Euthanasia: 
Animals under this protocol will be euthanized by research personnel. Mice will be 
euthanized using cylinderized C02. These animals will be placed in a cage or chamber 
that is not crowded and exposed to a mix of C02 and oxygen. The C02 flow rate will 
displace at least 20% of the chamber volume per minute. Flow will continue for at least 
one minute after visible sign of death. C02 euthanasia will be followed by cervical 
dislocation to ensure death. Gestation day 18.5 embryos will be first anesthetized by 
placing them in a Petri dish that is placed on top of ice for 15 minutes and then 
euthanized by decapitation using surgical scissors. Both procedures are consistent with 
the 2013 AVMA Guidelines for the Euthanasia of Animals. 

V.5. Veterinary Care: 

V.5.1. Husbandrv Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 
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V.5.1.1 . StudY..Room_: 

Building(s) ------- Room Number(s) &..f
5_x6_> _____ __, 

V.5.1.2. Special Husbandry Provisions: 
Sterile micro~1solator cages, feed (9% fat), and bedding wiR be used. 

Food Restriction: Yes No x 

Fluid Restriction: Yes No x 
V.5.1.3. Exceotipns: NIA 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Veterinary Medical Care: 
Animals will be observed at least once daily by Center for LAM personnel. Pl group will 
also observe the colony twice daily except during the period 7-10 days post-irradiation 
during wtiich they will be monitored three times daily. Animals or pu~s observed to be ill 
or showing signs of pain or distress including weight loss, hunched posture, ruffled fur, 
and decreased activity will be evaluated by veterinary staff to be treated or be 
euthanized. Pl should be contacted for potential tissue collection needs if sick animals 
are to be euthanized by LAM personnel. 
V.5.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarlan. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. Sick 
or moribund animal will be evaluated by veterinary staff to be treated or be euthanized. 
Pl should be contacted for potential tissue collection needs if euthanasia is necessary. 
Euthanasia by LAM personnel should proceed if Pl can not be reached. 

V.S.3. Envlronmental Enrichment: 

V.5.3. 1. Enrichment Strategv: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance w ith LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: NIA 

VI . STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 
Qua~fic.ations of J)tlrson Specific training in this 

Protocol activity or performing activity (e.g. , activity or procedure 
procedure (e.g., tail vein Name of per$on research technician, 2 (e.g., rodent handling 
in'ectioM, eutha~n~as!!!i a~b~~mleiQ.aeli¥!~_J_J!.r~s _!e,c~ef!!rie~n~ce~-L-~e~la~ss~. _!1~99~9L__j 

Animal monitoring, Pl , 12 years of Animal Care and 
euthanasia tissue ex: erience Use lntroducto 
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· extraction. intra~ Training Course at 
peritoneal injection NCI, 2001 ; 

Animal Care and 
Use Training 
Course at NCI . 
2007: Investigator 
training course at 
USUHS, 2007. 

Tail vein injection; (b)(6) I Technician, 5 years Investigator training 
animal monitoring. of experience course at USUHS. 
Euthanasia, tlssue 2007; Rodent 
extraction Handling Training 

by Pl, 2007 
Euthanasia. tissue (O)\OJ I Technician, 5 years Investigator training 
extraction of experience course at USUHS. 

2007; Rodent 
Handling course at 
USUHS, 2007 

VII. BIOHAZARDS/SAFETY: NIA 

VIII . ENCLOSURES: 

References: 
1. Morrison SJ, Uchida N, Weissman IL ihe biology of hematopoietic stern cells. Annu 
Rev Cell Dev Biol. 1995;11 :35-71 . 
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0, von Kalle C, Seger R, Grez M. Correction of X-linked chronic granulomatous 
disease by gene therapy, augmented by insertional activation of MOS1-EVl1 , PROM16 
or SETBP1. Nat Med . 2006 Apr; 12(4):401-9. 

4. Minakuchi M, Kakazu N, Gorrin-Rivas MJ , Abe T, Copeland TD, Ueda K, Adachi Y. 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Uso: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal; and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Tralnin Course. 

(b)(6) 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with 1he performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well;being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

1

(6:6) 
. j-fl1 hJ 

nnc1pai lnviMij"ator S1gnaftil'i Date 
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I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
~tary or slight pa in ~r distre~s to animals. This po~ent ia l pain ~nd/or distress 
VVILL or WILL NOT be relieved With the use of anesthetics. analgesics and/or 
tranquilizers. I have considered alternatives to such procedures: however, using the 
methods and sources described in the protocol, I have determined that alternative 
procedur s are not available to accom lish the objectives of this proposed experiment. 

(b}~ 

nnctpal Investigator Signat.ure 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: Generation and characterization of genetically 
engineered mouse strains carrying Setbp1 mutations 

C. Principal lnvestigator:l(b)<o> !Department of Pediatrics 

0. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: Department of Pediatrics 

F. Objective and Approach: The objective of this protocol is to characterize the 
function of a novel gene Setbp1 during normal mammalian development, with a focus on 
hernatopoie1ic development. Different genetically engineered mu1ant mouse strains for 
Setbp1 will be generated. Developmental defects in these mutant animals will be 
characterized comparing to wild-type littermates. The three R's (reduction, replacement; 
and refinement) of animal usage will be employed. 

G. Indexing Terms (Descriptors): Animals. mice, Setbp1 , and knockout 
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UNIFORMED SERVICES UNIVERSllY OF THE HEAL TH SCI ENC ES 
4301 JONE.S BRIDGE ROAD 

BETHESDA, MA.RVLAND 20814-'799 

August 5. 2013 

MEMORANDUM FOR DRr.__i<s_l __ _,loEPARTMENT OF PEDIATRICS 

SUBJECT: IACUC Approval of Protocol - Triennial Review 

The following application was reviewed and approved by the Uniformed Services 
University of the Health Sciences (USUHS} Institutional Animal Care and Use Committee 
(IACUC) via Dcsignaied Member Review on Augu.cot 5. 20 I 3: 

Animal Protocol Title: "Generation and Characterization of Genetically Engineered Mouse 
Strains Carrying Prdm 16 Mutations" 

USUHS Prot~OI Numhet; '-1
16_1<6_> ___ __. 

Expiration Date: August 4, 2016 

Supportin& Grantls) Number: ... r_x6_> ___ _. 

Name ,gf Princip.al lnve_£tijatoG Dr. F,__><
6
_> __ ___. 

The USUHS has M Animal Welfare Assurance on file with the Office for Laborat-0ry 
~njmal Wflfare (OLA W), National Institutes of Health (NIH). The Assurance Nwnber is 

l(b) > . The IACUC approved the above referenced application as submitted. 

An annual review is required for each of I.he three years of this protocol. This review 
must be completed by the anniversary date of the protocol. ff work is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may noc be extended, and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders, it is the 
investigator's responsibility to submit an a.Mual review form (Form 3206A) Bl least 30 days in 
advance, or a new Fonn 3206 for triennial review at least 60 days in advance of ex pi ration. 

Prior to placing your first animal order, please contact MAJ f[))(6) I to schedule 
a pre-protocol planning meetin~(b)(B) I This meeting mwt occur to ensure animal numbers 
are loaded in the CART system and LAM resources ~ available to meet your needs. r ){fi) I 

cc: 
Office of Research 

l(b)(Bf p.>h.D. I 

Chair, Institutional Animal 
Care and Use Comminee 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER SHEET 
IACUC Date Stamp 

PROTOCOL NUMBER: ..... r_)(a_> ----

PROTOCOL TITLE: Generation and characterization of genetically engineered mouse 
strains carrying Prdm16 mutations 

GRANT TITLE (if different from above): Characterization of molecular mechanisms 
underlying cancer development usiMg mouse models 

USUHS PROJECT NUMBER: .... 1<
6_X6) ___ _ 

FUNDING AGENCY: Pediatrics, USUHS 

EARLIEST ANTICIPATED FUNDING START DATE: 7/16/2013 

PRJNC1PAl.. INVESTIGATOR: l(b)(6) I 
(b)(6) 

ReseilrGh jtChifill Dept. Head Signature 
Typed Namel<bJ(6) I 

Pediatrics l(bl<5> I 
~partment Office/l..ab Telephone 

Chair 
Title 

STATISTlCAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excess ive, and the statistical design is appropriate for the intent of the 

n~l L 
L PMB J:'.(6) 5 p.s/r$ 

Statistician Si~nature Department Telephone Date ' 
Typed Name:,_j<b_>(6_) ___ __. 

ATTENDING VETERINARIAN: In accordance with the Animal Welfa re Regulations. 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
relieved by anesthetics or analgesics. 
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ANIMAL PROTOCOL NUMBER: r>t5> 

_..,::;::;;:;::;::;:::;;;:;;;;:;----' 

PRINCIPAL INVESTIGATORfb)<
5
> !Department of Pediatrics 

ANIMAL PROTOCOL TITLE: 
Generation and cMracterlzation of genetically engineered mouse strains carrying 
Prdm16 mutations 

GRANT TITLE (if different from above): Characterization of molecular mechanisms 
underlying cancer development using mouse models 

USUHS PROJECT NUMBER: 

CO·INVESTIGATOR(S): NIA 

TECHNICIANS(S}:l._(b)_C6J ______ ___, 

I. NON-TECHNICAL SYNOPSIS: This study Is designed to use mice as a model to 
characterize the function of a new gene called Prdm16 during normal human 
development. We will generate genetically engineered mice carrying mutations in 
Prdm16, which will be used to characterize the effects of these mutations on blood 
generation. For some studies, immature blood cells from these mutant mice wi!I be 
transplanted into normal mice to better characterize their regenera1ion properties. 
Transplant recipient miee will be irradiated before transplantation to enhan~e the 
establishment of the transplant donor cells in their bone marrow. Irradiation at our 
proposed dosage is lethal to mice if not treated afterwards. However, these recipient 
mice in our study will be fully rescued by the subsequent transplantation of donor 
immature blood cells. 

II. BACKGROUND: 

11.1. Background; Hematopoietic development is a critical process that starts from 
the hematopoietic stem cells (HSCs) and produces all essential cell types in the blood 1

• 

HSC is the only cell type in the system capable of extensive self~renewal. The self~ 
renewal of HSCs is essential for sustaining the entire hematopoietlc system, and its 
deregulation has severe consequences. Decreased HSC self-renewal could cause 
bone marrow failure while increase in sett-renewal could lead to leukemia development. 
However, the critical factors that control HSC self-renewal are still largely unknown. 
Prdm1e Is a novel transcription fador found In our recent mutagenic screens capable of 
conferring self-renewal capability to hematopoietic progenitor cells that normally lack 
such capabillty 2·3, and was also indicated in human leukemia develo ment ". 
sug estin that it ma lay an important role in the'-'->--~~--------1 
and To test this hypothesis, we gene .... ra ... t,..ed--=.a'-----------1 
Cb tor Prom16 in mice. ' < 

L-~~~......,--.......,,~~~-----.......-tit:\'iA't---"-A~d~d~it~·o~na::::..:....:ls~t=ud~i~e~s~havebeenproposeain 
this protoool to further characterize this (b)(

4
) Ui. to erdrn16 Loss.. 

The knowledge that we learned about the function of Prdm16 In th~1bK4> I 
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Kb)(4} I L._ ____ __.should also help us gain insights into its involvement in leukemia 
development. 

11.2. Literature Se...;uch for Duollcation: 

11.2.1. Uterature Source{fl Searched: 
BRO, NIH RePORT~R, and PubMed 

11.2.2. Date oLSearch: 5/30/2013 

11.2.3. PerjodRof Search: 
BRO: 1998 - 2013 
NIH RePORTER: 1988 .... 2013 
PubMed: 1950 - 5/30/2013 

11.2.4. Key W,.01ds and Search Strategy: This study is mainly designed to use 
knockout mouse models to characterize the function of Prdm16 In normal hematopoietic 
stem cells. Therefore, MPrdm16" ln combination with "mice" and "hematopoietic" were 
used as the search term. 

11.2.5. Results of Search: 
Two projects were returned on BRO and they arefb)<S) IProtocols from 2008 
and 2009. A total of 2 J)rojects were returned on NIH RePORTER, entitled respectively 
"Hematopoietic stem cells and longevity" and MMechanism of action of Prdm16 in 
hematopoietic stem cens~ . While the first project investigates the difference of different 
naturally occurring alleles of Prdm 16 in affecting HSC function. the second project is the 
only one studying Prdm16 loss of function in mice. However, the mouse model 
employed is a germ line knockout model which only allows them to study f~tal liver___ 
h . . k k . . h. (b)(4) 

' A total of 9 articles were returned on PubMed 1
5-

23
• Only 

two of them studied Prdm16 loss of function in mice1
&·

19
• However. both used the same 

Prdm16 germline knockout model andl<6l<4) )hat we created. 

Ill. OBJECTIVE\HYPOTHESIS: The objedive of this protocol is to understand the role 
of Prdm16 during hematopoletic development. especially its function in the self-renewal 
of hematopoietic stem cells, through characterizing the phenotypes of mice carrying 
different mutations of Prdm16. By carrying out this study, we also hope to gain insights 
into the mechanism through which overexpression of Prdm16 may cause leukemia 
development. 

IV. MILITARY RELEVANCE: 
Military personnel on the battlefield could be exposed to radiation or toxic substances 
that could induce leukemia development later in life. Understanding the mechanisms 
underlying leukemia development should help find preventive measures and better 
treatments for this devastating disease. The focus of this study involves characterizing 
the molecular mechanisms controtling self-renewal of normal hematopoietic stem cells, 
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however deregulaliOn of the same mechanisms is also likely responsible for the 
uncontrolled self-renewal by malignant stem cells in leukemias. Therefore; 
accomplishing this study has the potential to identify novel pathways that could be 
targeted for treating leukemias. 

V. MATERIALS AND METHODS: 

V.1. Experlmental Design and General Procedures: 
V.1.1. Experiment 1: 
In our previous studies, we have found thatll0l<4l 

(b)(4) 

\U)\4) rv,'e 
will test in this study whether this defect can be reversed by expression of exogenous 
Prdm16in more differentiated hematopoietic progenitors. Fetal liver c~lls from c18.5 

l<bJ(4J lwill be used to carry out this study. These cells 
will be infected with a replication incompetent retrovlral vector expressing the Prdm16 
cDNA or control empty vector. and subsequently transplanted into Irradiated 86-
L Y5.2/NCr recipient mice (7-12 weeks old) along with supporting bone marrow cells 
from un-irradiated 96-L Y5.2/NCr mice. These recipient mice will be aged for 4 months 
for the assessment of L T£HSC rescue. 

Prdm15and empty virus will be collected from culture mediurn of cell lines des igned to 
package viral particles in ecotropic envelops. After initial infection these viruses are no 
longer infectious and are replication deficient. Prior to and during infection, these fetal 
liver cells may be cultured in the presence of recombinant murine growth factors 
including interieukin-3 (IL-3), IL-6, and stem cell factor (SCF) to stimulate their 
proliferation ( ln-~t~o orocedurAfS only) B6·L Y5.2/NCr mice (7 ·12 weeks old females 
purchased from[ }(IJ Jwill be used as donors for the competing bone marrow 
~s as well as tr:ansplant r~cip~ents. These mice are immune-compatible w ith ou~m~s~><4"'_J~~ 
E::Jmice and no immune re1ect1on between donor and host cells after transplantation 1s 
expected. The hematopoietic cells of 86-L Y5.2/NCr mice also carry the LY5.2 marker 
that is used to distinguish them from the dono~<bJ(4> lcells expressing a 
different L YS.1 marker. Before transplantation, B6·LY5.2/NCr recipients will be 
~ted with1 , 100 rads of total oociy itradiation from a 131 Cs source located at room 
E::_Jwhich ·eliminate$ the endogenous HSCs and enables efficient engraftment of the 
transplanted cells. Supporting bone marrow cells will be extracted from un-irradiated 
86.-L Y5.2/NCr ··mlee after their euthanization. The mixture of fetal liver cells and 
supporting bone marrow cells will be subsequently introduced into each recipient in 
200ul volume in PBS by tail vein injection. The dose of irradiation used is expected to 
be lethal within 1 o days in the absence of bone marrow reconstitution by transplanted 
cells. Following transfer of the hematopoietic cells mice wm be monitored for signs of 
distress at least twice daily. Since. in our past experience, morbidity due to 
reconstitution failure usually occurs between 7 and 10 days after irradiation, an 
additional inspection will be earned out during this period to catch distressed animals as 
soon as possible . Any recipients found morbid will be euthanized immediately. 
Successful recolonlzatlon of the recipient bone marrow In transplanted animals results 
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In restoration or constitutive hematopolesis over the normal life span of the recipient. 
Past experience has shown that lethally irradiated mice can suffer from infection. To 
prevent Infection, all recipient mice will receive amox.icillin at a concentration of 
500ug/ml in the drinking water from 3 days prior to irradiation to 10 days post irradiation. 

Each transplantation experiment consists of 2 experimental groups and requires a total 
of 11 86-L YS.2/Cr animals as listed below; 1. ko/ko fetal liver cells transduc-ed by 
Prdm16 virus(5 recipients); 2. ko/ko fetal liver cells transduced by empty virus (5 
recipients). One animal will also be nooded to provide supporting bone marrow cell$ for 
transplantation along with indicated fetal liver ceHs. In addition, 3 fetal livers will be 
needed to provide sufficient donor cells for infeetion and transplantation into 10 
recipients. All recipients should survive for at least 6 months after transplantation. Two 
of the recipients of each ~roup will be euthanized at 2 month and the rest at 4 month 
after transplantation. Bone marrow will be collected at euthanizatlon for analysis of 
reconstitution of long-term hematopoietic stem cell compartment by transduced donor 
cells by FACS. Above described transplantation experiment will need to be repeated 3 
times in order to draw any conclusions. Since this fetal liver cell transduction <imd 
transplantation procedure contains several sensitive and error prone steps such as 
preventing stem cell differentiation during in vitro culturing and ensuring their high 
transduction efficiency, one additional experiment is requested for personnel training 
and potential experimental failures due to human errors. Therefore, the total number 
of B6-LY5.2JNCr mice required for this study is: (11anlmals/experlment&5!5,1)x4 . 
experiments= 44}. A total of 12 (3 donors/experiment x 4 repeats) E18.~ ){ ) I 
ftttuses wm b6 naedad as fatat liver call donors. 

s fi -ummarv of reQuired animal numbers or Experiment 1: 

Strains 
Experimental groups 

Supponing B .M. Total 
Prdm 16 virus Empty virus 

66-L YS.2/NCr 20 20 4 44 
llDJ\4) 

12 12 
(hver cell donor ·- - --
V.1.2. Experiment 2: 
We will also determine whether Prdm16 is required for known oncogenellbl(4> Ito 
induce leukemia. Fetal liver tells froni_(b_)<4_> _______________ _ 

1(6)(4) twill be used to carry out this study. The~ecells will,b~ infected with a 
replication incompetent retroviral vector expressing thtfb){4l _lcDNA, and 
subsequently transplanted into irradiated 86-L Y5.2/NCr recipient mice (7-12 weeks old) 
along with 5 x 105/recipient supporting bone marrow cells from un-irradiated B6-
L Y5.21NCr mice. Same infection, irradiation, and transplantation steps as described in 
Experiment 1 will be followed. Recipient mice will be aged for 4 months for the 
assessment of leukemia development. Recipients for inf ect~lls are expected to 
develop leukemia and are included as positive controls. 

Each transplantatio. n expe. riment consists off sxfipe~mental groups and requires a total 
of 11~86-T YS.2/Cr animals as listed below: 1 _ etal liver cells transd~u~d by 
tb){4)virus(5 recipients); 2~etal liver cells transduced byj(bJ(4l virus (5 
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recipient$). One animal will also be needed to provide supporting bone marrow cells for 
transplantation along with fetal liver cells. In addit ion, 4 fetal livers (2 of each genotype) 
will be needed to provide sufficient donor cells for infection and transplantation . All 
recipients should survive for at least 6 months after transplantation. Any transplant 
rec ipients showing signs of leukemia development including rough coat, listlessness, 
decreased bMY weight, and hunched appearance, will tJe euthanizeo immediately and 
fresh t issues including bone marrow; spleen, thymus, liver, and kidney will be coDeotad 
and examined by flow cytometry, t issue culturing and pathology. Any remaining mice 4 
month after transplantation will be euthaniz.ed. Abo'le described transplantation 
experiment will need to be repeated 3 times in order to draw any conclusions. Since 
this fetal liver cell tranSCJuction and transplantation procedure contains several sensitive 
and error prone steps such as preventing stem cell differentiation during in vitro 
culturing and ensuring their high transduction efficiency, one additional experiment is 
requested for personnel tra ining and potential experimental failures due to human 
errors. Therefore, requir~ B&-LY~.2/~Cr_animals: 11 animals/experiment x ~ 
~r1ments : 44 mice. A total of 16 (.4 donors/experiment x 4 experiments~ 
~embryos will be needed as fetal liver cell donors. 

s f b f E -ummarv o reou1red anlma num . ers or -xoerlment 4: 

Strains 
Experimental groups 

Supparting B.M. Total (0)(4) 

B6-LY5.2/NCr 20 20 4 44 
CbX4J 

8 8 
(liver cell donorl 

16 

V.1.3. Ex0trlment3: 
We will also determine whether Prdm 16 is required for the maintenanc'i..lll,1,.,.1.lii.wn.iiiLL.lliliiL......., 
lnduced byl\61(41 I For this pu~o~e, bone marrow progenitors fromh...----...1, 
mice (2-4 months old) carrying alt0>l i lallele of P.""rd~m--1 ... 6....._ ____ __. 

lt6)(4) lwill be infected with the same virus 
described In Experiment 21 and subsequently transplanted into irradiated 86-L Y5,2/NCr 
recipient mice (7-12 weeks old) along with 5 x 105 supporting bone marrow cells from 
un-irradlated B6~L Y5.2/NCr mice. Once leukemia develops in these mice, they will be 
euthanized to purify leukemia stem cells (lin·sca-1+c-kit+) from their bone marrow. 
These leukemia stem cells will be subseQuently transplanted into irradiated secondary 
recipient mice (B6-LY5.2/NCr} along with 5 x 105 supporting bone marrow cells from un
irradiated B6-L YS.2/NCr mice. At 2 weeks after trans lantation all seconda recipients 
witl be injected with polY. l:C which ( ><

4 leukemia 
cells and no changes in leukemia cells; and subsequently aged for 
assessment of leukemia development. All retroviral infection, irradiation , 
transplantation, and monitoring steps will be canied out as described in Experiment 1. 
Any remaining mice 4 months after transplantation will be euthanized . 

In order to achie\/e statistical significance, 3 primary leukemias of each genotype __ 
~!> lwill be tested. To generate these leukemias, 2a<51<4) ] 
pn !donor mice (10 each genotype) w ill be needed to extract sufficient bone 

marrow for infection. 2 additional 86-L Y5.2/NCr mice will be needed to provide 
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supporting bone marrow cells. Therefore, a total of 8 86-L Y5.2/NCr mice (6 as 
recipients and 2 as supporting marrow donors) and 2ol<5>t

4
> lmice are 

needed for leukemia generation. P:or secondary transplantations to assess leukemia 
maintenance, each leukemia will be transplanted into 5 secondary recipients and 6 
additional B6-LY5.2/NCr win be needed to provide supporting bone marrow cells. 
Trereiore, a total of 36 B&.L Y5.2/NCr mice (5 racipientsl\eukamia x 6 leukemias + 6 
supporting marrow donors) are required for secondary transplantations. 

s f ummarv o required animal numbers or Experiment 3: 

Strains 
Experimental groups 

Supporting B.M. Total (OX4) 

B6-L Y5.2/NCr 18 18 8 44 
KOJ(4) 

10 10 (BM donor) 20 

V.1.4. Experiment 4: 
Our pceyjoys studies suggest that <ol<4l 
jMc¥) I To te .... st,_th ......... is ..... id .... e-a~<~b ,,.,(4>~-----W\ .... , .... ll .... b_e_c_h-al ... le_n_g_e_d_w-it ...... h 

5-FU treatments in a competitive reconstitution assay in comparison to wild-type HSCs. 
The 5·FU treatments deplete the number of more mature progenitor cells in the bone 
marrow and induce proliferative stress on HSCs. Reduced reconstitution capability of 
Prclm16 null cells after the treatments will su~st that Prdm16 help Pf'.Otect HSCs under 
stressful conditions. For this purpose, 5 x 10 bone marrow cells fromf:(4J I 
rojce l2-4 months old> carryina an oqly l:C induc1b1el161(I) ~ I 

l(b><4l ..... .. _J,vUI be mixed with 5 x 1 o5 competing wild-type bone 
marrow cells fro~ 66-~ YS 2/NCr and then tqt~_spla~ted into lethally-irradiated 86-
L Y5.2/NCr recipient m1ce. l(b)(4) _IN1tl be induced In the transplanted 
Fb>!4l I cells by poly l:C injections of recipient mice one month after 
transplantation. Two weeks after poly l:C injections. all recipients will receive two 
intraperitoneal injections of 5-FU at a dosage of 150 mg/kg with a 2-week interval. This 
dosage of 5-FU is not expected to cause any animal morbidity and illness. 
Reconstitution by the donor cells wiil be determined at 1 week after poly l :C injections 
and at 1, 2, and 4 months after the last 5-FU injection by retro-orbital bleeding and 
F ACS. All animals will be euthanized after the last retro-orbital bleeding. and 
hematopoietic tissues including bone marrow, thymus, and spleen will be collected after 
euthanasia and analyzed by FACS. Same calcu\ation of animal numbers as in 
Experiment 1 applies here. 11 96-L Y5.2/NCr mice will be requireo for each 
transplantation experiment containing 2 experimental groups (one group for each of the 
2 genotypes. 5 animals per group, 1 competing marrow donor) and 3 experiments In 
total will be conducted. The minimum number of 96 .. L Y5.2JNCr mice required for 
Ibis s:dy I~· (11 a~lmals/axpertment (5,5, 1) x 3 experiments • 33}. A total of 6 
fb){4) _ _ j (1 donor/ transplanted group)( 2 groups X 3 t6peats) Will bi 
need as ne marrow cell donors. 

Summary of required animal numbers for Experiment 4: 
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Strains 
Experimental groups 

Competing B.M. Total (0)(4) 

' 

86-L Y5.2/NCr 15 15 3 33 
(0)(4) 

lBM aonon 3 3 6 

V.1.5. Experiment 5: 
Jn order to understand the mechanisms through which Prdm161(b)t4l I 
!tbtY I we will carry out expression pf~f!lina studjes to identify targets of 
I b> I Since Prdm16 deletion in ( 1 mice induced by 

poly l:C is not specific to the hematopoietic system1 to exclude potential effects from 
Prdm16 deletion in the mlcroenvlronment, we will first transplant their bone marrow cells 
ifff jrradlated ee~LYS.2/NCr recipient mice (5 x 106 cell/recipient) and therfbR4> I 

llb>l lby injecting the recipient mice with poly t:C , at 
4 weeks after transplantation. Irradiation, transplanta~ai sod monjtorino of ~ipients 
will be canied out as described In Experiment 1. The will be 
purified from the recipient mice at 2 weeks after the last poly l :C injection by FACS and 
used for RNA ~ra -· i _ icroarray-based expression proflltng experiments. Due to 
extreme scarci of (b 

4
> in the bone marrow (0.01 -0 .02%), 10 recipient mice for 

each genotyp < > UI be n~~fMd to obtaj~ufficient 
cells for expression profiling in one experiment. As such, 2 Ice of each 
genotype will be needed to provide sufficient donor cells for transplantation in each 
e)(petiment. In order to aehieve statrstical signtflcance, such experiment 'MU be 
repeated 3 times. Total required B6-LY5.2/NCr animals: 20 animals/experiment x 3 
experiments = ffO mice. A t_tai of 12 (2 donors/genotype x 2 genotypes x 3 
experlmantsl(bX4 lee will be needed as bone marrow donors. 

s f . ed ummarv o reQu1r fi E t 5 anima numbers or - xper men 

Strains 
Experimental groups 

Total (b)(4) 

86-L Y5.2/NCr 30 30 60 
(b)(4) 

(BM donor) 6 6 12 

V.2. Data Analys11: For all 7 experiments, gene expression, contribution of cell 
populations, colony/cell counts will be compared across genotypes using analysis of 
variance (ANOVA), student's t test, or nonparametric tests as appropriate. A sample 
size of 5 in each group will have 80% power to detect a difference of 2 standard 
deviations between groups using a 2-group t test with a 5%, two-sided significance 
level. 
For aging studies in Experiment 2 and 6. log-rank tests will be used to compare time to 
development of sickness such as leukemia across groups_ When the sample size in 
each group is 15. a 5% two-sided log-rank test for equality of survival curves will have 
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80% power to detect a difference in proportion survi"ing of at least 54 percentage points 
(e.g . 99% \IS. 45% survi\ling) 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non·animaJ Alternatives Considered: Tissue culture was considered, however 
hematopoietic development is a complex process that requires proper interactions 
among different tissue and cell types within the context of a whole animal, and currently 
there is no tissue culture system capable of recapitulating this environment 8. In 
~dditiol'I , hematopoietic cell lil'le$ used in tissue culture studies are different from normal 
hematopoletic cells in that they have acquired mutations that allow them to replicate 
indefinitely in culture, and results from these studies may not apply to normal cells. 
Computer modeling was considered as well, but the regulation of hematopoietic 
development is still largely unknown and there is no system available in the 
hematopoiesis fleld that can be used to predict gene function and conseQuences of 
gene mutations. 

v .3.2. Animal Model and Species JustJfication: I have chosen to use mice for my 
studies because they are genetically well-characterized mammalian organism that has 
been shown to have a very similar hematopoletlc system to that of humans, and more 
and more studies have been carried out in mice to understand human hematopoiesls 
and leukemia development ~11 . In addition, there are many tools available in mice but 
not in other mammalian models to genetically alter the germline and study the 
consequences of the mutation on multiple organ systems simultaneously. I also happen 
to have extensive experiences working with mouse hematopoietic system as a research 
fellow in the Mouse Cancer Genetics Program at National Cancer Institute, Lower 
organisms such as Zebrafish and Drosophila were also considered. however both 
spectes are very different from mammals and do not represent good models for 
studying human hematopoiesis. 

V.3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 

V .3.3.2. Strain/Stock: 

V .3.3.3. SoorcefVendor: 

V .3.3.4. Ao!: 
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Mus musculus 

r6){4) 

86-L YS.2/NCr 

LY5.2JNCr) 

86-L Y5.2/NCr (7-12 

Species #2 
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weeks );~)(4) (E18.5),...b-}<4-> __ __._ __ 
mice (2L,_.mo_n.....,t ..... hs ...... ) __ _. 

V.3.3.5. Weight: N/A 

V.3.3.6. Sex: Male: 33 
Female: 258 

V.3.3.7. Special <;onsiderations: Specific pathogen free 

V.3.4. Number of Anlmals Required {by Species}: Mice: 291 

(B~~fNCr11 225• 
2 . ( 

38) 

V.3.5. Reflnement, Reduction, Replacement {3 Rs): 

\1.3.!.1. Beflntment: 
All animals on this protocol will be provided with rou1ine environmental enrichment in 
accordance with LAM SOPs and IACUC Policies. Examples include nestlets and 
tunnels. All animals subjected to Irradiation will be treated with amoxicill in 3 days prior 
to irradiation to 10 days post irrad iation to reduce distress caused by potential infection. 
Animals observed to be ill or showing signs of pain or distress including 30% reduction 
in body weight (compared to before transplantation). hunched posture; ruffled fur, and 
decreased activity will be evaluated by veterinary staff to be treated or be euthanized for 
relief of suffering. 

V.3.5.2. Reduction: In order to reduce the animal numbers for this study, experiments 
have been designed to include tissue sharing among different experimental procedures 
Including DNA extraction, RNA extraction, and protein extraction. Also, sample size 
calculations were performed to use leas1 number of animals to achieve gtatistical 
significance. 

V.3.5.3. B•Dl•c•mant: Tissue culture and computer models were considered but not 
adopted . Detailed explanations ate provided in V.3.1. 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V .4.1.1. APHIS Form 7023 Information: 

V.4.1 .1.1 . Number of Animals: 
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V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

85 

206 

V .4.1.2. Pain Relief I Prevention: 

Specles#2 

V.4.1.2.1. Anesthesia/Analgesla/Tranquilizatlon: For retro-orbital bleeding, 3.5~4% 
lsoflurane will be applied before the procedure through induction chamber of an 
anesthesia machine at LAM until animals are fully anesthetized Uudging by lack of 
movement and decrease in respiratory rate to about once every 4 seconds and a 
negative pedal withdrawal reflex). 

V.4.1.2.2. Pre- and Post-procedural (not sur.eerl} Provisions: NIA 

V.4.1.2.3. Paralvtlcs: N/A 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 
N/A 

V.4.1.3.1. Sources Searched: NIA 

V.4.1.3.2. Date of Search: NIA 

V.4.1.3.3. Period of Search: N/A 

V.4.1.3.4. Kev Words of Search: N/A 

V.4.1.3.5. Results of Search: N/A 

V.4.1.4. Unallevlated Painful or Distressful Procedure Justification: NIA 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: N/A 

V.4.3.2. Procedure: N/A 

V.4.3.3. Post·surglcal Provisions: N/A 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 
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V.4.3.6. Multigle Major Survival Operative Procedures: NIA 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: Transplantation of fetal liver and bone marrow cells will be carried 
out by one time tail vein injection of cells resuspended in 200ul of PBS using 28 Gauge 
x Y:z inch needles. Since transplanted cells are from mice congenic to the recipients, no 
immune rejection is expected after transplantation. Injection of hematopoietic cells 
through the tail vein is not known to cause any toxic effects to mice. All cells for 
injectlon will be obtained from mice housed in USU colony. Injection of all biological 
materials will be in accord with USU IACUC Policy #23 on the use of biological in 
experimental animals. 

Transplant recipient mice in Experiment 3, 4 and 5 will also receive 5 intra-peritoneal 
injections with 2 day intervals of 200 ul poly l:C (a chemical used to induce Cre gene 
expression) at a concentration of 2 ug/ul diluted in sterile phosphate buffered saline. 28 
Gauge x Yz inch needles will be used for the injections. Injection of poly l:C at this 
dosage is safe for mice12

. 

V .4.4.2. Biosameles: Retro-orbital bleeding is chosen for the protocol based on the 
blood sample size required for our study and available in-house expertise. Given the 
relatively large sample size (200 ul of blood from each animal each time) that is needed 
for our study to perform FACS analysis, 2 other blood collection procedures includinY, 
from the saphenous vein and jugular vein were considered as suitable altematives.1 

•
14 

Saphenous bleeding is the only procedure that is less painful than retro-oribal bleeding 
and does not require anesthesia. However, this procedure requires extensive 
experience and has not been performed on mice by any LAM technicians previously. In 
contrast, retro-orbital bleeding has been routinely carried out by staff in my laboratory 
under previously approved protocols and will be done under isoflurane anesthesia. 

In this protocol, 200ul blood will be obtained each time by retro-orbital bleeding at 
one week after poly l:C injections at 1. 2 and 4 month after last 5·FU injection as 
described in Experiment 4. IACUC policy on retro-orbital bleeding (POLICY 001) will be 
strictly followed when performing this procedure. Mice will be anesthetized with 
lsoflurane. When the animal is no longer moving voluntarily it is placed on a paper 
towel. The forefinger of the operator's nondominant hand is used to pull the facial skin 
taut and cause the eyes to protrude slightly while the skin at the back of the neck is 
grasped by the thumb and remaining fingers to restrain. Breathing and color are 
monitored throughout the procedure to ensure that the restraint does not compromise 
the airway. The tip of a capillary tube is gently inserted below the eye at approximately a 
45 degree angle into the space between the globe and the lower eyelid. When the tip of 
the pipette contacts the boney floor of the orbit it is gently twisted between thumb and 
forefinger to rupture the capillary sinus. Blood is allowed to flow by capillary action into 
the pipette. Care is taken not to take any more blood than is needed. At the conclusion 
of the blood withdrawal tension on the animal is released and a gauze pad is gently 
pressed over the eye for about 30 seconds until the bleeding has stopped. A drop of 
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tetracaine is added in the eye to reduce any postprocedural discomfort that may occur. 
Normal color and respiration are reconfirmed and the animal is returned to its cage for 
recovery. Alternate eyes are used for successive bleeds. A maximum of M'o bleeds per 
eye (four bleeds tota l) will be done. 

In addition, hematopoietic tissues including bone marrow, spleen, thymus, lymph 
nodes and control tissue brain. tung, and kidney wtn be ~cted only after euthanasia. 

V.4.4.3. AdJuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 

V.4.4.5. Animal ldentiflcatlon; Cage cards will be used to distinguish different study 
groups. 

V .4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: Recipient B6-LY5.2/NCr mice will be Irradiated on the 
day of tr~tation with1100 rads of total body irradiation from a 137Cs source located 
at room~lce will be transported and irradiated at room temperature in irradiator 
disks (purchased from Braintree Scientific) that maintain a filter protected sterile 
envlronmeri and hold up to 20 mice at each time. The entire process will last no more 
than 30 minutes and during which time no food or water will be provided for the animals. 
Hematopoietic cells resuspended in PBS in a volume of 200 ul will be introduced by tail 
vein injection. Following transfer of the hematopoietic cells mice will be monitored 
monitored t'Nice daily and three times between days 7-10 after irradiation for signs of 
distress Including rough coat, listlessness, 30% reduction in body weight (compared to 
before transplantation), or hunched posture. Any recipients displaying any combination 
of two or more signs of distress above will be euthanized immediately by Pl staff. The 
dose of Irradiation used Is expected to be lethal within 10 days In the absence of bone 
marrow reconstitution by transplanted cells. Successful recolonization of the recipient 
bone marrow in transplanted animals results in restoration of constitutive hematopoiesis 
over the normal life span of the recipient. Past experience has shown that lethally 
irradiated mice can suffer from infection. To prevent Infection, all recipient mice will 
receive amoxiclllin at a concentration of 0.5mg/ml In the drinking water from 3 days prior 
to irradiation to 1 o days post irradiation. and sterile feed and autoclaved caging will be 
provided. 

V.4.4.8. Tissue Sharing: Tissues may be shared with other Investigators upon 
request. 

V.4.5. Study Endpoint: 
The study endpoint for mice is between 2 to 16 months of age as specified in the 
expertmental design and general procedures section. Animals could be euthanized 
earlier du~ to leukemia development or engrattment failure of transplanted 
hematopoietic cells after irradiation. To capture and euthanize animals in distress as 
soon as possible, irradiated mice will be monitored at least M'ice daily by Pl staff. Since 
morbidity due to bone marrow failure usually occurs between 7 and 10 days after 
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irradiation in out past e)(perience. one additional inspection daily will be added during 
this period to catch any possible distressed animals. Signs of these conditions include 
rough coat, listlessness, 30% reduction in body weight (compared to before 
transplantation), or hunched posture. Any animals displaying any combination of two or 
more symptoms will be euthanized immediately. 

V.4.6. Euthanasia: 
Animals under this protocol will be euthanized by research personnel. Mice will be 
euthanized using cy1inderized C02. These animals wlll be placed ih a cage or chamber 
that is not crowded and exposed to a mix of C02 and oxygen. The C02 flow rate will 
displace at least 20% of the chamber volume per minute. Flow will continue for at least 
one minute aft.er visible sign of death. C02 euthanasia will be followed by cervical 
dislocation to ensure death. GestatiOn day 18.5 fetuses will be first anesthetized by 
placing them in a Petri dish that is placed on top of ice tor 15 minutes and then 
euthanized by decapitation using surgical scissors. Both procedures are consistent with 
the 2013 /\VMA Guidelines for the Euthanasia of Animals. 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

V .5.1.1. Studv Room: 

Building(s) -~~~~~==--- Room Number(s) .._f
6_x5_> _____ _.. 

V.5.1.2. Special Husbandry Proyisions: 
Sterile micro-isolator cages, feed (9% fat). and bedding will be used. 

Food Restriction: Yes No x 
Fluld Restriction: Yes No x 

V.5.1.3. Exceptions: NIA 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Veterinary Medical Care: 
Animals will be observed at least once daily by Center for LAM personnel. P1 group will 
also observe the colony twice daily except during the period 7-10 days post-irradiation 
during which they will be monitored three times daily. Animals or pups observed to be ill 
or showing signs of pain or distress including weight loss, hunched posture, ruffled fur, 
and decreased activity w ill be evaluated by veterinary staff to be treated or be 
euthanized. Pl should be contacted for potential tissue collection needs if sick animals 
are to be euthanized by LAM personnel. 
V.5.2.2. Emergency Veterinary Medical Cara: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
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rounds are conducted by LAM personnel once daily during weekend and holidays. Sick 
or moribund animal will be evaluated by veterinary staff to be treated or be euthanized, 
Pl should be contacted for potential tissue collection needs if euthanasia is necessary. 
Euthanasia by LAM personnel should proceed if Pl can not be r~aehoo. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental -enrichment in aecotdance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V.5.3.2. Enrichment Restrictions: NIA 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONSfTRAINING 

Protocol activity or 
procedure (e,g,, tail '<lein Name of person 
iniections, euthanasia) nPrfnrminn "'"iiyity 

Animal monitoring, (0)(6) 

euthanasia, tissue 
extraction, intra-
peritoneal injection 

Tail vein inject ion. {b)(6) 

animal monitoring, 
Euthanasia, tissue 
extraction 

· Euthanasia, tissue (b)(6) 

extraction 

VU. BIOHAZARDS/SAFETY: NIA 

VIII. ENCLOSURES: 

References: 
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Qualifications of person Specific training in thi& 
performing activity (e.g., activity or 1>rocedure 
research technician, 2 (e.g., rodent handling 

yrs el<oerience} crass, 1999} 
Pl; 12 years of Animal Care and 
experience Use Introductory 

Training Course at 
NCI, 2001; 
Animal Care and 
Use Training 
Course at NCI, 
2007; fnvestigator 
training course at 
USUHS, 2007. 

Technician, 5 years Investigator tratning 
of experience course at USUHS. 

2007; Rodent 
Handling Training 
by Pl. 2007 

Technician,4 years Investigator training 
of experience course at USUHS, 

2007; Rodent 
Handling course at 
USUHS, 2007 

15 



1. Morrison SJ, Uchida N, Weissman IL. The biology of hematopoietic stem cells. Annu 
Rev Cell Dev Biol. 1995;11 :35-71. 

2. Du Y, Jenkins NA, Copeland NG. lnsertional mutagenesis identifies genes that 
promote the immortalization of primary bone marrow progenitor cells. Blood. 2005 Dec 
1;106(12):3932-9. 

3. Ott MG, Schmidt M, Schwarzwaelder K, Stein S, Siler U, Koehl U, Glimm H, Kuhlcke 
K, Schilz A, Kunkel H, Naundorf S, Brinkmann A, Deichmann A, Fischer M, Ball C, Pilz 
I, Dunbar C, Du Y. Jenkins NA, Copeland NG, Luthi U, Hassan M, Thrasher AJ, Hoelzer 
D, von Kalle C, Seger R, Grez M. Correction of X-linked chronic granulomatous 
disease by gene therapy, augmented by insertional activation of MDS1-EVl1, PROM16 
or PRDM16. Nat Med. 2006 Apr;12(4}:401-9. 

4. Minakuchi M, Kakazu N, Gorrin-Rivas MJ, Abe T, Copeland TD, Ueda K, Adachi Y. 
Identification and characterization of MEL, a novel protein that binds to the acute 
undifferentiated leukemia-associated protein SET. Eur J Biochem. 2001 
Mar;268(5):1340-51. 

5. Hoischen A, van Bon BW, Gilissen C, Arts P, van Lier 8, Steehouwer M, de Vries P, 
de Reuver R, Wieskamp N, Mortier G, Devriendt K, Amorim MZ, Revencu N, Kidd A, 
Barbosa M, Turner A, Smith J, Oley C, Henderson A, Hayes IM, Thompson EM, 
Brunner HG, de Vries BB, Veltman JA. 2010. De nova mutations of PRDM16 cause 
Schinzel-Giedion syndrome. Nature Genetics. May 2. 

6. Cristobal I, Blanco FJ, Garcia-Orti L, Marcotegui N, Vicente C, Rifon J, Novo FJ, 
Bandres E, Calasanz MJ, Bernabeu C, Odero MD. 2010. PRDM16 overexpression is a 
novel leukemogenic mechanism that predicts adverse outcome in elderty patients with 
acute myeloid leukemia. Blood 115:615-25. 

7. Panagopoulos, I., G. Kerndrup, N. Carlsen, B. Strombeck, M. lsaksson, and B. 
Johansson. 2007. Fusion of NUP98 and the SET binding protein 1 (PRDM16) gene in a 
paediatric acute T cell lymphoblastic leukaemia with t(11;18)(p15;q12). Br J Haematol 
136:294-6. 

8. Adams GB, Scadden DT. The hematopoietic stem cell in its place. Nat lmmunol. 
2006 Apr;7(4):333-7 

9. Maeda T, Merghoub T, Hobbs RM, Dong L, Maeda M, Zakrzewski J, van den Brink 
MR, Zelent A, Shigematsu H, Akashi K, Teruya-Feldstein J, Cattoretti G, Pandolfi PP. 
Regulation of B versus T lymphoid lineage fate decision by the proto-oncogene LRF. 
Science. 2007 May 11. 

10. Rossi DJ, Bryder D, Seita J, Nussenzweig A, Hoeijmakers J, Weissman IL. 
Deficiencies in DNA damage repair limit the function of haematopoietic stem cells with 
age. Nature. 2007 Jun 7;447(7145):725-9. 

USU HS Form 3206- Revised June ZOOS 
Previous versions are obsolete 

16 



11. Hock H, Hamblen MJ, Rooke HM, Schindler JW, Saleque S, Fujiwara Y, Orkin SH. 
Gfi-1 restricts proliferation and preserves functional integrity of haematopoietlc stem 
cells. Nature. 2004 Oct 21;431(7011):1002-7. 

12. Kuhn R, Schwenk F, Aguet M, Rajewsky K. Inducible gene targeting in mice. 
Science. 1995 269:1427-9 

13. Hem A, Smith AJ, Solberg P. 1998. Saphenous vein puncture for bfood sampling of 
the mouse, rat, hamster, gerbil, guinea pig, ferret and mink. Lab Anim. 32:364-8. 

14. Hoff J. 2000. Methods of blood collection in the mouse. Lab Anim. 29:47-53. 

15. Deneault E, Wilhelm BT, Bergeron A, Barabe F, Sauvageau G. Identification of non
cell-autonomous networks from engineered feeder cells that enhance murine 
hematopoietic stem cell activity. Exp Hematol. 2013; 41(5):470-478. 

16. Herault 0, Hope KJ, Deneault E, Mayotte N, Chagraoui J, Wilhelm BT, Cellot S, 
Sauvageau M, Andrade-Navarro MA, Hebert J, Sauvageau G. A role for GPx3 in activity 
of normal and leukemia stem cells. J Exp Med. 2012;209(5):895-901. 

17. Avagyan S, Aguila F, Kamezaki K, Snoeck HW. Quantitative trait mapping reveals a 
regulatory axis involving peroxisome proliferator-activated receptors, PRDM16, 
transforming growth factor-~2 and FL T3 in hematopoiesis. Blood. 2011 Dec 
1; 118(23):6078-86. 

18. Aguila F, Avagyan S, Labar A, Sevilla A, Lee OF, Kumar P, Lemischka IR, Zhou BY, 
Snoeck HW. Prdm16 is a physiologic regulator of hematopoietic stem cells. Blood. 
2011May12;117(19):5057-66. 

19. Chuikov S, Levi BP, Smith ML, Morrison SJ. Prdm16 promotes stem cell 
maintenance in multiple tissues, partly by regulating oxidative stress. Nat Cell Biol. 
2010 Oct;12(10):999-1006. 

20. Zweier-Renn LA, Hawley TS, Burkett S, Ramezani A. Riz I, Adler RL. Hrckstein DD, 
Hawley RG. Hematopoietic immortalizing function of the NKL-subclass homeobox gene 
TLX1. 
Genes Chromosomes Cancer. 2010 Feb;49(2):119-31. 

21. Shing DC, Trubia M, Marchesi F, Radaelli E, Belloni E, Tapinassi C, Scanziani E, 
Mecucci C, Crescenzi B, Lahortiga I, Odero MD, Zardo G, Gruszka A, Minucci S, Di 
Fiore PP, Pelicci PG. Overexpression of sPRDM16 coupled with loss of p53 induces 
myeloid leukemias in mice. 
J Clin Invest. 2007 Dec;117(12):3696-707. 

22. Morishita K. Leukemogenesis of the EVl1/MEL 1 gene family. Int J HematoL 2007 
May;85( 4 ):279-86. 

USU HS Farm 3206- Revised June 2005 
Previous versions are obsolete 

17 



23. Du Y, Jenkins NA, Copeland NG. lnsertional mutagenesis identifies genes that 
promote the immortalization of primary bone marrow progenitor cells. Blood. 2005 Dec 
1;106(12):3932-9. 

USUHS F01TT1 :nos - Revised June 2005 
Previous versions are obsotele 

18 



IX. ASSURANCES: 

As the Principal Investigator on ttlis protocol, I acknowledge my responsibilities and 
provide assurances for the following ; 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its Implementation_ 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal. ahd that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues. and so forth , in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures / manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

l(b)(B) 5!?1/1 _3 

Principal Investigator Signature Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility : I acknowledge tne inherent moral. ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individ uals associated with this proiect will demonstrate a concern for the health, 
comfort, welfare. and well-being of the research animals . Additionally, I pledge to 
conduct this study in the spirit of the fourth ''R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
huma aodJ_ wfuJ.L ___ aJ _h. 

)( ) 
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I. Painful Procedure(s): 

I am conducting biomedical experiments wh ich may potentially cause more than 
_T~tary or slight pain ~r distre~s to animals. This po~ent ial pain ~nd/or distress 
~or WILL NOT be relieved with me use of anesthetics. analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however. using the 
methOds and sources described in the protocol, I have determined that alternative 
procedu · · · ·· h the objectives of this proposed experiment 

(ti 

nnc1pa lnvest1ge or - 1gnature 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: Generation and characterization of genetically 
engineered mouse strains carrying Prdm16 mutations 

c. Principal Investigator~ ..... r_x5_> _ _,I Department of Ped iatrlcs 

D. Performing Organization: Unifonned Services University of the Health Sciences 

E. Fyndina: Department of Pediatrics 

F. Ob!ectJve and Approach: The objective of this protocol is to characterize the 
function of a novel gene Prdm16 during nonnal mammalian development. with a focus on 
hematopoietic development. Different genetically engineered mutant mouse strains for 
Prdm 16 will be generated. Developmental defects in these mutant animals will be 
characterized comparing to wlld·type littermates. The three R's (reduction, replacement, 
and refinement) of animal usage will be employed. 

G. Indexing Terms (Descriptors): Animals, mice, Prdm16, and knockout 

USUHS ForTn 3208- R1Yi1ed Jr.1ne 2009 
PreviOCJ$ verSions cire ob~olete 

21 



UNIFORMED SERVICES UNIVERSITY OF THE HE.AL TH SCIENCES 
4301 JONES BRIDGE ROAO 

BETHESDA, MARYlAND 20814-4199 

February 19,2014 

MEMORANDUM FOR DR( .... (6)_<
6
_) _ __,IDEP ARTMENT OF PEDIATRICS 

SUBJECT: JIACUC Approval of Protocol - Triennial Review 

The following application was reviewed and approved. by the U nifom1ed Services 
Universiry of the Heahh Sciences (lJSUHS) lnstitulional Animal Care and Use Commit1e~ 
(IACUC) via Full Committee Review on February 19, 2014: 

Animal P.r.ot.ocol Title: ' 'Characterizing the Role o~Durin.g Human Leukemia Development 
Using a Knock-In Mouse Mode'.I'' 

'l 1su1-1s Protocol Nu11nbc,r: r __ @_> ___ _ 

Exvir@tion Date'. February J 8, 2017 

l(b)(6) 
Supporting Grant(s) Number:'----~ 

Name of Principal lnvesti gator: Dr. f .... 6_H6_1 ___ _, 

The USUHS bas an An.imal Welfare Assurance on file with the Office for Laboratory 
Animal Welfare (OLA W), Natio.nal Institutes of Health {NIH). The Assnrancc NULnber is 

116)(6) I The IAClJC approved the above reforenccd application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be con.1pleted prior ·to the expiration date in order for 
work to be uninterrupted. .Protocol expiration dates may not be extended, and no animal work 
may be done whhout .liiJ'.i approved ptotoool. Although the lACUC may send reminders. it is th~ 
irwestigato.r's responsibJ]ity to submit a:-n annual review fonn (Fonn 3206A) at least 30 days in 
advance. or a new Fonn 3'206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJl(b)(a) lito schedule 
a pre-p:rotocol pJaru:1ing meetin~(b)(S) l Tb.is meeting must occur to ensure animal numbeTS 
are loaded in the CART system and LM1 resources are .zivailable to meet yo1U" oeeds, r)(6) I 

cc: 
Office of Research 

lcb)(6l LPh.D. 
Chait, Jnstitutlonal Animal 

Care and Use Committee 

Doc77 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL. 
PROT10COL COVER SHE~T IACUC Date Stamp 

~,(6~)(6~)---------. 

PROTOCOL NUMBER; ,_ ______ __, 

~-- QT' c L T ' . ' I J6)(4)l . k I P~ ,, 1, 0 0 - l"f LE~ Characterizing the roe O'L_Jdurmg human leu em1a 
clevelopme1nt us1lng a khock-in mouse .model 

GRANT TITLE (if differtnt from atJov~1: Characterization of molecular mechanisms 
undttrlying cancer d~velopment u1Sin - mou~e models. 

USUHS PROJECT NUMBER: ,_ _____ _ 
F11JiNDIJILG AGENCY: Pediatrics, USUHS 

fARLIESI ANTICllPATED FUNDING START IOATE: 1/19/2014 

PMIN.CIPAL INVESTIGATOR: 

PED l(b)(!l) I I .t.-/t, I 1 J 
1gnetwre Department Office/Lab Telephone Date 

SCIENTIFIC REVIEW: This animal use proposal recaived appropriate peer scientific 
review and is c,onsistent with good scientific research practice. 

1(6)(6) 

Chair 
(16)(6) 

Research 
1

Llinlt Chief I Oeet Head ~ignature 
Typed Name: 1(6)(6) I 

Title Telephone 
t~fe 11 /1 s 
Dae I 

ST.A'TISTIOAL REVIEW~ A person knowledgeable in biostatistics reviewed thi·s 
prnposa~ to ensure that tine number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of tne 
study. 

rs)(6) 

maUsticlan s1·gnatyre 
iyped Name (b){ffl ,__ ___ ~ DMB P;6

) 
Department elephone 

I J)/I! h3 
Date 

ATTENDING VETERINAMIAN: In accordance with the Animal Welfare Regulations, 
the Attending Vefterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress. even if 
relieved by anesthetics or analgesics. 

,OJ(t:i) 

lnarian Signature 
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ANIMAL eeomcoLM.UMBER: 

PRINCIPAL ~NVESTIGATORr)(S) loepartment of Pediatrics 

ANllMALJ>ROTOCdL 'TITLE: Characterizlng the role o~during human leuKemia 
development osing a kinock-it1 mouse model 

GEANT TII.LEJif different fr.,em above): Characterization of molecular mechanisms 
underlying ~ancer development using mouse models 

USUHS PBOJ'ECT NU.MB..ER:._ltb_)(6_) __ ___, 

C<Q-INVESTIGAIOBW: N/A 

TECIHNJCIANS(S):._j(6_)(6_i ________ __. 

1. NQN..-TE_tHNIQAL SYN·OPSIS: High levels o~ expression has been 
considered an important factor that contributes to the induction of leukemia 
development in humans. This study is designed to use mouse models to study the 
molecular me.chanlsm through whic~verexpression induces human leukemia __ 
development, We will use genetically engineered mice carrying i~ed levels o~(b)(4) J 
to characterize the mechanisms responsible for positive effects ot.'.::Joverexpression 
on the growth of blood cells, and to identi'fy cooperating mutations for leukemia 
development. For some studies, genetically modified immature mouse blood cells will 
be transplanted into normal mice to better characterize their potential to induce 
leukemia development. Transplant ·recipient mice will be irradiated before 
transplantation to enhance the establishment of the transplant donor cells in their bone 
marrow. Irradiation at our iproposed dosage is lethal to mice if not treated afterwards. 
However, these recipient mice in our study will be fully rescued by the· subsequent 
transplantation of donor immature olood cells_ 

II. BACKGROUND: 

11.1. Background:~is a zinc finger transcription factor involved in chromosome 
translocations in human myeloid leukemias\ However, the mechanisms thatl(b)(4) I 
ovellexpression causes leukemia development remain unclear. We have shown that 
~alone is able to immortalize myeloid ~nitor cells that normally lack the 

capability of self-renewal, suggesting tha~ay be responsibie for the self~renewal 
ca ability of leukemic stem cells2• In order to investi ate further the mechanism that 

induces leukemia, we have ,enerateci a > 
~~ In this_model ( l 
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miutations may be required. Therefore, we also plan to apply retroviraJ insertional 
mutagenesis to this model to identify such cooperating mutations fo~in inducing 
leukemia development 

11.2. !Literature Sear.ch for 10uplleation: 

11.2.1 . . L.iterature Sourc_e_{S} Sear_che_d: BRO, NIH RePORTER, and PubMed 

11.2.2. Date of Search: 12/4/2013 for 9RD and NIH RePORTER. 1 /28/2014 for 
PubMed 

11.2.3. Period of Search: 
BRO; 1998 - 2009 
N[H RePORTER: 1990 - 2013 
Pub Med; 1950-1128/2014 

11.2.4. Key 'Words and Search Strategy: This study is mainly designed to use an 
inducible knock-ifil mouse model and retroviral insertional mutagenesis to identify 
cooperating partner of~for leukemia development. Therefore, the following 
combination of search terms was used: ~[text] in combination wtth "knock-in"[text] 
and "retroviral insertional mutagenesis" [text], 

11.2.5. Results of Search: No projects were returned on BRO. One project entitled 
1'C0Hatiorative pathways 'that lead to leukemia" was returned on NIH RePORTER. 
H·owever, this project is focused on a different oncogene CALM~AF10 andl16><

4
> I 

activation was identified as one of its cooperating mutations by retroviral insertional 
mutagenesis.~is likely to have many more cooperating partners remaihed to be 
identified, which wlll be addressed by our proposed study. A total of 21 publications a-2a 
were 1re~urned on PubMed. Vast majority of the articles concentrate either an find ings 
that retrovital vectors or replication competent retrovirus can cause insertional activation 
o~,or 01n designing new retroviral vectors to reduce insertional mutagenesis for 

i£lif4re
1 
thierapy purpose.8·10 .. 12- rn.z i.2s One article describes the functional regulation of 
by acetylation. 0 Only two articles describe finding of two cooperating partners for 

~in leulkemia development, CALMaAF10 and Trib1 .11 .20 As discussed earlier,~is 
llke~y to have more coo erating partners and our proposed insertionar mutagenes[s 
study using our unique (b)(4) knock-in mice could be the best approach far identifying 
them. 

Ill. OBJE<CTIVE\H'(POTHESIS: I Thel objective of th is study is to understand the 
mechani,~,oaJ,hat cooperate with {b)(

4
) to induce leukemia development using an 

inducibl~knockAn mouse model. 

IV. MJ.LIIABY.RELEV6NCE: Leukemia represents a significant challenge for DoD 
medical care. Leukemia occurrence in the general population of U.S. is about 12 every 
100,000 people according to statistical studies by National Cancer Institute. About half 
of these patients wiH die due to limited treatment options for this devastating disease. 
Tlhere are estimated over 5 million military personnel and their family members under 
OoD based on a. 2004 study reported by Military Family Research Institute at Purdue 
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University. Therefore, more than 600 new leukemia cases and over 300 deaths due to 
leukemia are estimated to occur every year in the DoD health care system. These 
numbers could be even higher as the occurrence of leukemia could potentially further 
increase among military personnel due to possible exposure to toxic substances or 
radiation on the battlefield. Finding better treatments for leukemia patients represent an 
important need for the DoD health care system. Our proposed study will help gain 
Insights into the mechanisms underlying leukemia initiation and progression, and 
mechanistic understanding of leukemia development should help find preventive 
measures and better treatments for this devastating disease. 

V. MATERIALS ANO METHODS: 

V.1. Experimental oesign and General Procedyres: 

V.1.1. Experiment 1: To test whether leukemia development can be accelerated 
b .. ~.· retro~iral .inse~lonal mutagene.sis in bone ~progenitors o~1b)14} I 
mice and to 1dent1fy coop:eris•lng rnut~tlons for~ 
~reliminary studies using f~~<4) mice have suggested that overe><pression of 
~is not sufficient to induce leukemia development and additional mutations may be 
required . To test this idea, w~~~ld like to examine whether leukemia transformation 
of bone marrow progenitors o ( I mice can be accelerated by random mutations 
caused by retroviral infe .... •·... · 'on using a bone marrow transduction and 
transplantation system. ) mice of 2 genotypes (generated under 
breeding protocol : (eki/eki. tg/+) and (eki/eki, +/+),will be used as bone 
marrow transplantation onors for this study. While both mice are homozygous for the 
induciblel<6>t4> !allele, only (eki/eki, tg/+) mice express a ~xifen-lnduc1ble Cre 
recommbinase transgene and can be Induced to overexpress~ (eki/eki, +/+) mice 
are included as controls . These mice (between 6·12 weeks old) will be first treated with 
5-fluorouracil (5·FU). The 5-FU treatment helps deplete the number of more mature 
progenitor cells in the bone marrow and induce the cycling of hematopoietl.c stem cells 
which facllitate their transduction by retrovirus. Mice will be treated once with 0.2ml of 
5-FU in phosphate buffered saline (PBS) via intra-peritoneal injection to achieve a dose 
of 150 mg/kg body weight 4 days before bone marrow harvesting The treated mice 
will be euthanized by C02 asphyxiation and bone marrow cells will be harvested from 
their femurs under sterile condit.ions. The dose of 5-FU used in these experiment is not 
expected to cause animal morbidity or illness. The harvested bone marrow cells will be 
infected with a replication incompetent retroviral vector pMYs expressing marker GFP 
only, and treated with Tamoxifen, and subsequently transplanted along with supporting 
bone marrow cells from un-irradiated B6·L Y5.2/NCr mice Into 2 groups of irradiated 7-
12 weeks old B6-LY5.2/NCr recipient mice [one group each for the infected (eki/eki. tg/ 
+)and (eki/eki, +/+)donor cells]. The recipient mice of both groups will be subsequently 
aged for 6 months for leukemia development. Any remaining transplant recipient mice 6 
months after transplantation will be euthanized. 

pMYs virus used for the transduction of bone marrow progenitors will be generated 
from sterile culture medium of PLAI-E cells, a human cell line designed to package 
retroviral particles in ecotropic envelops and free of other known viruses4• This virus 
is replication deficient, and therefore is no longer infectious after initial infection. Prior 
to and during infection, these bone marrow cells may be cultured in the presence of 
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recombinant murine growth factors to stimulate their proliferation (In-vitro procedures 
only), 

Recipient 86-L YS.2/Cr mice will be Irradiated on the day of transfer of hemato oietic 
cells with 1100 rads of total body irradiation from a 137Cs source located at roo Cbl!5l 
The Infected bone marrow cells (1 x 106 cellsfmouse) along with 5 x 10s support-in_g _ _ _ 
bone marrow eels from un·irtadiated 86-L YS,2/NGr mice wlll be resuspended in 200ul 
PB'S and introduced into each recipient by one time tail vein injections. Past experience 
has shown that lethallly irradiated mice can suffer from infection during engraftment of 
the transplanted cells. To prevent infection, all rec,pient mice will receive amoxicillin 
at a conoentration of 1 mg/m'I in the drinking water from 5 days prior to irradiation to 1 O 
days post irradiation, Although occurring rarely, engfaft.ment failure of the transplanted 
celis will also lead to recipient death between 7 and 10 days after injection1. Therefore, 
to prevent any potential suffering during this critica~ period of time, recipient mice will 
be monitored twice daily by Pl staff between 7 and 10 days after transplantation for 
signs of distress including rough coat, listlessness, or hunched posture. Any trainsplant 
recipients showing such signs will be euthanized immediately, Leukemia development 
and progression ls a slow process: therefore. for the time periods before day 7 and after 
day 10 po:st transplantafron, transplant recipient mice will be monitored once daily by Pl 
staff during week day,s and by LAM personnel during weekends and holidays for signs 
of leukemia development~ whlc;h are similar to the above-described signs of engraftment 
failure. Any transplarnt recipients showing such signs will be euthanized Immediately 
and 'fresh tissues including bone marrow, spleen, thymus, liver, and kidney will be 
collected and examined by flow cytometry1 tissue culturing and pathology. We have not 
observed development of any other cancers besides leukemia in B6-L Y5.2/NCr mice 
irradiated with the same dosage (1100 rads) in our past experience. 

In order to statistically establish that retroviral insertional mutagenesis can 
accelerate ,leukemia transformation of~xpressing cells, a group of 15 rrrad rated B6-
l Y5.2/NCir recipient mice will need to be transplanted with transduced bone ma.trow 
progenitors from (eki/eki. tg/+) mice and another 15 mice will receive similarly infected 
cells from (eklleki, +/+)mice as the control group. 

lnsertional rmutagenesis by retroviral vectors is a valuable tool for identi'fying 
cooperat1ing mutations in leukemia devehi>pment l. Taking advantage of leukemias 
generated in this study, we would also like to identify at leasd(b)(4) I 
1(6)(4) I We were able to identify 2 enoperating mutations for anothe.r oneogene SOX'4 
from 1 '5 leukemias usih a :similar insertlonal muta enesis approach3• Therefore, in 
order to identify at leas b (4> we would also like to generate 
a fotal Of 30 accelerate eU -em1as t at WI e \JSe1 , OMiflg viral insertions for the 
purpose of identifying cooperating partner genes fo 0

><
4
> in leukemia induction. We 

est1imate tlhat 60% of the mice that receive pMYs virus transduced cells will develop 
leukemia within 6 months. Therefore, a total of 50 recipient mice will need to be 
transplahted with cells transduced by pMYs virus in order to generate 30 leukemias (50 
redpients x 60% leukiemia penetrance). Therefore. we will transplant 50 instead of 15 
rredpient mice with cells from (ekileki, tg/+) mice and 15 recipients with cells from (eki/ 
eki, +/+)mice. 

Since 1 x106 infected bone marrow cells will be transplanted into each recipient 
nnouse. a minimum of 1 x 1oe cells x 50 recipients= 5 x 107 bone marrow cells will be 
needed firom (eki/eki, tg/+) mice and another 1 x 106 cells x 15 recipients= 1.5 x107 

cells from (eki/eki, +/+)mice. When mice have been treated with 5-FU, harvest of 
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bone manow from one mouse is expected to yield 1 x 1 Q6 cells. When these cells 
are cultured in the presence of growth factors and in contact with retrovirus, only 
50% of the cells ean be recovered from culture. yielding 5 x1os cells. As such. each 
transplant recipient will require 2 mice to provide sufficient donor cells. Therefore. for 
50 transplant recipients for (ekl/eki, tg/+) mice as discussed above. a total of 5 x 107 

donor cell&/ (5 .x 105cells/donor):::: 100 donor (eki/eki, tg/4-) miGe will be needed. 
Similarly. for 15 t1ransp1ant recipients for (eki/eki. +/+)mice, a total of 1.5 x 101 donor 
cells I (5 x 10:icelfs/donor) = 30 donor (ekileki, +/+)mice will be needed. 

We will try to accomplish this study in 8 experiments; therefore; 8 additional 86-
L Y5.2/NCr will be needed to provide supporting hone marrow cells. Required B&· 
L \'5.lfNCr r,ecipaent animals: 50 animals for (ekifeki, tg/+) + 15 animals for (eki/eki, 
+/+) + a su[pporting rnanow donors = 73 mi<>e. 

f . d Summary o rieauire anima num b f E ers or xcenment 1 

Strains 
Experimental groups 

Supporting B.M. 
eki/eki, tg/+ ekileki, +/+ 

86-LYS .. 2/NCr 50 15 
,UJ\<1) 

(fjM aonon 100 30 

Study endpoint for transplant reci"1ien1 B6-LY5.2/NCr rnice. 
6 months after transplantation. 

8 

Total 

73 

130 

V.1 .2. i~periment 2: To test whetherE}induced self-renewal Is mediated by 
'Wntlp-catenin signaling. 
We have found that wn1v~-eatenin pathway is activated in .myeloif .~rofren itor o:ells 
overexpressh11gll6){4) I suggesting that the self-renewal function of ll) 

4, may be media,ted 
by the Wint/~-catenin pattlway. To test this idea. we will test whether ~-eatenin deficient 
myeloid progenitors can be immortalized by retroviral vectors e.xpressingfbY(4) ] We 
wi'll breed ~-catenin conditional knockout Ctnnb1-CKO mice with Cre-~RT2 mice 
carirying an inducible Cre transgene as described ln Experiment 1 to generate Ctnnb1-
ERT2 (d<o/cko, tgf+) and control (ckolckii, +/+l mice (The generation of these mice 
is supported by the breeeHng protoeolf6>1 1 I Bone marrow cells harvested 
from these mire will be tested for immortalization in culture by Evi1 expression after 
treatment with Tamoxifen which will induce deletion of i>-catenin only in cells from (cko/ 
cko, tgr+) mice but not in cells from control ( cko/eko, +/+) mice. 

In order to achieve statistical significance. bone marrow cells from 5 mice of each 
genotype will be tested. Therefore, a total of: 5 anlmals/genoty--pe x 2 genotypes !f 
10 mice. 

s f b f E ummarrv o reciurred amma num ers or xperiment 2: 

Strains 
Experimental groups 

cko/cko, tg/+ 

Ctnnb~-ERT2 5 
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Total 

10 



V.2. Data Anal.XsJs: For Experiment 1, llog-rank te:sts will be used to compare time to 
development of 'leukemia across grou1ps. When the sample size in each groiJJp Is 15, a 
5% two-sided !log-rank t1e:St for equality Of SUNival CUNeS wijlj have 180% power to aete~t 
a difference in prroportion survtilling o'f at least 54 percentage points <e,g. 9'9% vs. 45'% 
surviving). A sample .size of s animals in each grorup (as in Experlme·nt 2), when using t
test. will ihave 80%; ·power lo detect a cnfference of 2 standard deviatio1ns lbetween 
grourps. 

V.3. J .. abt>rratory.Animals Reguired and Justific~tioa11 : 

V.3.1. · -. - · .. al Alte.1".ruilht.Bs_C_o " ; .. te.d ; Gell line studies was considered. 
hioweverr it do(f!s not ,alllow identifying ta1rge1s involved i1n immortallzati<l'n a:s cell 
lines are already innmortat Also, In 111110 study is 1extrremely knporia.nt in leukemia 
research as trfle ·evohl·emeM of leukemic oolls i:s n·ot an iso:lated event and involves 
constarnt interaction with the host enviro:nment which has yet to be replicated in tissue 
culture settings.. Computer modeHng was ~oh&ideretl as well; lbut ~he mechanisms 
underlying leukremia development is ,still !largely unlknowrn aod there is no system 
avallabie in the leukemia field tha~ can be used to pred ict target ge:nes involved in the 
immo:rtalizatlon of hematopoi~tic tells, 

V.3.2. Animal Model a.nd Specie$ Ju$tifk~tion: I have chosen to use mice for my 
studies becaus~ they are geneiie~lly well-charact~rized mamma'lian organism that has 
been ,shewn to have a very similar hematopoleti~ system to tha't of humans, and more 
and mote st1udies have been carried out in m~ce to understand 11uma1n leukemia 
development and normal hematopoiesis&7, In ad1dition, there are many tools availab!le 
in mice but not in other 1mammauar1 models to genetically alter the germ'lh'i& 1arnd study 
the consequences of the mutation in normal ce'.lls. I also happen ta have extensive 
experiences (for the past 9 yea.rs) workitng with mouse hematopoietijc system. Lower 
organisms such as Zebrafish and Drosophila wef'i~ also eornsidered; however both 
species are very different from mammals and do not riepresent good models for 
study;ng human hematopoiesis. 

V.3.3. Labo.ra:lo_ry Ao.imals 

V.3.3.1. Gernu;s & SQedes~ 

V.3.3.2. Slrajn/:Stock: 
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Species #1 
Mus .. Mus·culus 

Ctinnb1-ERT2 

l<b)(4) t 
IB6~L Y5.21NCr) 
ln-housre .... 1(6 .... ><4 ... ) ..:........~----. 

SpeeiesJi2 



V.3.3.4. Agi: 

\/.3.3.5. Weight: 

V.3.3.6. Sil: 

l<bX4
) I Ctnnb1-ERT2) 

6-12 weeks 

20-25g 

Male: 65 t ._cb_>i4_i ___ _. 

j(b){4) I 65) 
Female 1 48 rim 

fb><4> J a'-5' ...... s-s-__ .... 
LY5.2/NC r. 73; Ctnnb1-
ERT2, 10) 

V.3.3.7. SpeclaJ Consideratioos: NIA 

V.3.4. Number oiAoima.ls-.eedulredJby Species): 213 mice 

V.3.5. Refinement; Reduction, Reolacement (3 Rsl: 

~m11 
1130; 86! 

l. Y5.2/NCr, 73; 
Ctnnb1 &ERT2. 
10) 

V.3.5.1. Refioernetit: All animals on this protocol will be provided with routine 
environmental enricnrnent in accordance with LAM SOPs and IACUC Policies. 
Examples include nestlets and tunnels. Animals observed to be ill or showing signs of 
pain or distress including weight loss, hunched posture, ruffled fur. and decreased 
activity will be evaluated by veterinary staff to be treated or be euthanized immediately 
for relief of suffering. 

V.3.5.2. Reduction: The estimated numbers of animals for proposed studies, have 
been cortri'putetl by power analysis to ensure that the smallest numbers of animals 
required to evaluate fhe hypotheses are being used. 

V.3.5.3. Re placement: Tissue culture and computer models were considered but not 
adopted . Detailed explanations are provided in V.3.1. 

V.4. Technjcal Methods: 

V.4.1. Pain I Qlstress Assessment: 

V.4.1.1 . APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 
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V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Soecies #1 

148 

65 (96-l Y5.2/NCr 
mice for receiving 

irradiation) 

V .4.1. 2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesja/AnalgeslaITranguilizatjon: N/A 

Speejes #2 

V .4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: NIA 

V.4.1.2.3. Paralvtics: NIA 

V.4.1.3. Literature Search for Alternatjves to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: AWIC and Altweb 

V.4.1.3.2. Date of Search: 12/9/2013 

V.4.1.3.3. Perjod of Search: NIA 

V.4.1.3.4. Key Words of Search: Klrradiation" in combination with Mmouse bone 
marrow transplantation" was used as key words. 

V.4.1.3.5. Results of Search: No relevant matches were returned in both databases. 

V.4.1.4. Unallevlated Painful or Distressful Procedure Jystjficatjon: \Nhole body 
irradiation of recipient mice is essential for successful mouse bone marrow 
transplantation as it is the only way to efficiently deplete host bone marrow stem cells 
and to greatly increase donor cell eng raftment in mice. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: NIA 

V.4.3.2. Procedure: NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. Location: NIA 

V.4.3.5. Surgeon: NIA 
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V.4.3.6. Multiple Major Survival Operative Procedures: NIA 

V.4.3.6.1. Procedurn: NIA 

V.4.3 .6.2. Scientific Justification: NIA 

V.4.4 . Animal Manlpylatlons: 

V.4.4.1. Injections : 28 Gauge x ~ inch needles will be used for all Injections. Some 
mice as specified in Experiment 1 of the experimental design and general procedures 
section will receive one time intra-peritoneal injection of 5-FU resuspended in 
phosphate buffered saline (PBS) at a dosage of 150 mg/kg body weight in 200ul volume 
as described in Experiment section. 5-FU treatment of mice at this dosage is toxic to 
proliferating cells in the hematopoietic system representing more mature progenitors, 
but is not expected to cause animal suffering and death. 

Transplantation of bone marrow cells will be carried out by one time tail vein 
injections of cells resuspended in 200ul of PBS. Recipient mice will be restrained for 
the injection using a Tailveiner restrainer from Braintree Scientif1e. Since transp lanted 
cells are from mice congenic to the recipients, no immune rejection is expected after 
transplantation. Injection of hematopoietic cells through the tail vein is not known to 
cause any toxic effects lo mice. All cells for injection will be obtained from mice housed 
in USU colony. Injection of all biological materials will be in accord with USU IACUC 
Policy #23 on the use of biological in experimental animals. 

V.4.•.2. Blo1u1mclQtS: Hematopoietic tissues including bone marrow, thymus, spleen, 
and lymph nodes will be collected at euthanasia. 

V.4 .•. 3. Ad!uyants: N/A 

V.4.•.4. Monoclonal Antibody lMAbs) Production: NIA 

V.4.4.5. Animal Identification: Cage cards will be used to distinguish different study 
groups. 

V.4.4.6. Behayjora! Studjes : NIA 

V.4.4.7. Other Proceduros: Recipient B6-L Y5.2/NCr mice will be Irradiated on the 
day of transplantation with 1100 rads of total body irradiation from a 137Cs source 
located at rooni~{6) l Mice will be transported and irradiated at room temperature in 
irradiator disks (purchased from Braintree Scientific) that maintain a filter protected 
sterile environment and hold up to 20 mice at each time. The entire process will last no 
more than 30 minutes and during which time no food or water will be provided for the 
animals. Hematopoietic cells resuspended in PBS in a volume of 200 ul will be 
introduced by ta il vein injection . Following transfer of the hematopoietic cells mice will 
be monitored daily for signs of distress including rough coat. listlessness, decreased 
body weight, or hunched posture. Any recipients displaying any combination of two or 
more signs of distress above will be euthanized immediately by Pl staff. The dose of 
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irradiation used is expec1ed to be lethal within 10 days in the absence of bone marrow 
reconstitution by transplanted cells. Successful recolonization of the recipient cone 
marrow in transplanted animals results in restoration of constitutive hematopoiesis over 
the normal life span of the recipient. Past experience has shown that lethally irradiated 
mice can suffer from infection. To prevent infection, all recipient mice will receive 
amoxicillin at a concentration of 1 mg/ml in the drinking water from 5 days prior to 
irradiation to 1 O days post irradiation. 

V.4.4.8. Tissue Sharing: NIA 

V.4.5. Study Endpoint: The study endpoint for irradiated 86-L YS.2/NCr recipient mice 
is 6 months after transplantation as specified in the experimental design and general 
procedures section. Animals could be euthanized earlier due to leukemia development 
or engraftment failure of transplanted hematopoietic cells after irradiation. Signs of 
these conditions include rough coat, listlessness, decreased body weight, or hunched 
posture. Any animals displaying any combination of two or more symptoms will be 
euthanized immediately. 

V.4.6. Euthanasia: Animals under this protocol will be euthanized by Pl staff or LAM 
personnel at study end point or when moribund due to bone marrow engraftment failure 
or leukemia development as described under V.1.1 Experiment 1. Mice will be 
euthanized using cylinderized C02. These animals will be placed in a cage or chamber 
t'hat is not crowded and exposed to a mix of C02 and oxygen. The C02 flow rate w ill 
displace at least 20% of the chamber volume per minute. Flow will continue for at least 
one minute after visible sign of death. CO:Z euthanasia will be followed by cervical 
dislocation to ensure death. This procedure is 2013 AVMA Guidelines for the 
Euthanasia of Animals. 

V.5. Veterlnarv Care: 

V.5.1. Husbandry Consideration$: Except as noted below. routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in tlhis 
protoco~. 

V.5.1.1 . Study Boom: 

Building(s) ------- Room Number(s)._116_11_61 ______ .,.. 

V.5.'1 .2. Special Husbandrv Provisions: To prevent infection after bone marrow 
t1ransplantation , all recipient mice will be provided with sterile feed and autoclaved 
caging will be provided. 

Food Restriction: 

fluid Restrjcllim.: 

V.5.1.3. Exceptions: N/A 

V.5.2. Veterinary Medical Care: 
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V.5.2.1. Routine Veteripar;y__Medital Cate; Animals will be observed at least once 
daily by Center fot LAM personnei. Pl group will also observe the colony once daily 
during week days except t'.luring the perioo 7-10 1Clay5 post-irradiation during which they 
will be monitored twice daily. Animals observed to be ill or showing signs of pain or 
distress including weight loss. hunched posture. riuffled fur, and decreased activity wi'll 
be evaluated oy veterinary staff to be 'treated or be euthanized. Pl should be contacted 
for potential tissue collection needs if sick anima'ls are to be 1euthanized by ILAM 
personnel. 

V.5.2.2. litnergen:ey_V~teri1::1ant,Ue_tOis.al Care: All emergency, weekend, and 
hOliday care is p(OIJided by two anima11 lhusbantlry tedmicia1ns, one or more veterinary 
technic1ians" ,and an on-call veter1inawia111 . Esse'ntial husbandry pll'ocedures «and health 
rounds are conducted by LAM personnel once dally dorring wee'kiend and holidays. Sick 
or 1moribu111d anima11 Will be evaluated by veterina1ry staff ~o be treated or lbe 'elJ~haoized. 
Pl shollld be contacted for potential tusslle co11eetion 1needs if euthanasia is rnecessary. 
Euthanasia by LAM personnel shou~d proceed if Pl can not be reached . 

V.5.3. Environmental enric1ntttnt: 

V.5.3.1. Emlchment Strategy; All animals on this protocol will be provided with 
routine environmental enrichment in accordance with LAM SOPs and IACUC Policies. 
E!xamples include nestlets and tunnels for rodents; balls, toys and food enrichment 
treats for large animal species. 

V.5.3.2. Enrichment Re§tfictiorns: NIA 

Vt S'TUOY P1ERSONNEL QUALIFICATIONS ANO TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol activity or 
procedure {e.g., tail vein !Name of person 
~g1ons euthana$'1al pertorm11'ig aotivltV 
An1rnal monitoring. \ U)\O) 

eutha!nasia, tissue 
extraction. 1i111tra-
peritoneal injection 

Tail vein injection . ~OJlO) 

animal monitoring, 
Euthanasia, tissue 
extraction 
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Qualifiicatrons of person Spea tic training 11111 this 
perlorming aot1vity (e.19 .. activrty or [procedure 
research techn1oiarn, 2 (e.g .. rodent handling 

vrs e)(oerience) dlass. 1999) 
IPI , 12 years rof An1imal Care and 
experience use Introductory 

Trai'ning Course at 
NCI, 2001 ; 
An1imal Care and 
Use Training 
Course at NCI, 
2007; Investigator 
training course at 
USUHS, 2007. 

Technician. 5 years Investigator training 
of experience course at USUHS, 

2007; Rodent 
Handling Training 



bv Pl, 2007 
Euthanasia, tissue IU/\I>} I Technician, 5 years Investigator training 
extraction of experience course at USUHS, 

2007; Rodent 
Handling course at 
USUHS. 2007 

VII. BIOHAZARDS/SAFEIY: Replication defecti"e ecotropic retroviral vectors will be 
used to infect mouse bone marrow cells before transplantation of the infected cells into 
recipient mice. These viruses will be collected from culture medium of cell lines 
designed to package viral particles in ecotropic envelops. After initial infection these 
vectors are no longer infectious and are replication deficient. There is no evidence in 
the literature that humans can be infected by ecotropic retroviruses. Any person 
handling these retroviral vectors will be required to wear lab coat and gloves as 
precaution. Registration for the use of these viral vectors has been submitted to IBC. 5-
FU and tamoxifen are harmful if ingested, injected or through skin contact. Therefore, 
lab coat, gloves, and safety glasses are also required when preparing the solution and 
carrying out animal injection using these substances. 
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~X. ASSURANCES; 

As the Principal Investigator om this protocol, I acknowledge my responsibilities and 
provide assurances for the folllowing; 

A. Animal Use: The .anima~s authori~ed for use in this protocol Will b'e used only in 
the activities and in the manner described herein, unlless a modification is specifically 
1apptoved by the IACUC prior to its implementation. 

B, OupUcation .of Effort: I !have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessa1ry duplication of previous experiments. 

C. Statistical Assurance:. I .assure t1hat I have rc-0nsuihzd with an individual who is 
qualified to evaluate the statistical design or strategy of this ipr1oposal, arnd that the 
''minimum numbe.r of animals needed Jot scientific validity are used." 

O. Bfohazaird\Safety: I have ta~ken anto consideration aind made the proper 
coordlinatuon regarding all appllic.able rules and regulations concerning radiation 
protection, b'iosafety, recombinant issues. and so forth, in the preparation of thiis 
protocol. 

E. Tra1ining: I veri1fy tihat the personnel performing the animal procedures I 
manipulations l observations des·cribed in this protocol are technically competent and 
have been piroperly tra1ined to ensuire that no unnece:ssary pain or distress will be 
caused to the animals as ia result of the procedures I manipulations. 

F. Tra1inin,g: I verify tihat I have attended the USUHS Investigator/Animal User 
n<· .. -

Priincipar lnvesl190ior 19nature Date 

G. Train1ing: The folllowing personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. R1esponsibility: I acknowledge the Inherent moral, ethical and admirnistrative 
obl'igations associated with the performance of this animal use protocol , and I assur·e 
that all indi~iduals associated with this project will aemonstll'ate a concern for the health. 
comfort, welfare, and well-being of the research animals. Additional'ly, I pledge to 
conduct this st11Jdy in the spirit of the fourtlh "R" that the DOD has embraced, namely, 
"Respo:nsibOloty" for implementing animal use a~ternatives where feasible and conducting 
hiumane and lawfu~ research, 

r nnc1pal lnvesugator S19nat""' 
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I. P·airnful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momenta~or sl~t pain or distress to animals. This potential pain and/or distress 
Will or ILL NO be relieved with the use of anesthetics, analgesics and/or 
tranquilizer . -r~ considered alternatives to such procedures: however. using the 
methods and sources described in the protocol, I have determined that alternative 
proced ii -1 lish the objectives of this proposed experiment. 

) 

PriMipa lnvesflgattor Signature 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Numb9r: 

B. Animal Protocol Title: Characterizing the role o~uring human leukemia 
development using a knock-in mouse model 

C. Princjpa! lnyestjgator~fb ... _x6_> _ _,,IDepartment of Pediatrics 

0. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: Department of Pediatrics 

F. Objectjye~pproach: The objective of this study is to understand the 
mechanisms that~lnduces human leukemia development. Genetically engineered 
mouse strain overexpressine:Jwm be generated and used for studying leukemia 
induction. The three R's (reduction, replacement, and refinement} of animal usage will be 
employed. 

G. lodexlng Terms (Descriptors): Animals. mice, and knock.in 
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UNIFORMED SERVICES UNIVERSITY OF fHE HEAL TH SCIENCES 

4301 JONES BRIDGE ROAD 
Bt;'.THfiSDA. MARYLAND 20814-"1799 

lurinirioml A.aimal Cart and U.oe C11111111intt 
Phooc:id)\(6\ I 
Fu:F6)16) March 26. 2015 

MEMORANDUM FOR DR~._'6X_6> ____ ____.IDEPARTMENT OF PEDIATRICS 

SlJB!IECT: IACUC Approval of Protocol - Triennial Review 

The following application was reviewed and approved hy lhe tlniformed Services 
University of the Health Sciences (USUHS) fostitutional Animal Care and Use Committee 
(IA CUC) via Designated Member Review on March 26. 2015: 

Animal Protocol Title: "Characterization of ptpn-11 Gairn ofl-'unction Mutations Using 
Transgenic Mouse Models" 

LJSilllS Protocol Number; l .... (b-)(
5
_> ___ __, 

Expiration Date· March 25. 2018 

Supporting Grant{s) Numbcr:(tti>(8) 

-Drj(bk6) Name of Principal Investigator: . 

The USUHS bas an Animal Wc::lfare /\ssuraocc on file with the Office for Lahoratory 
/\nimal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Numher is 

j<6)(6l !The lACUC' approved the above referenced application as submjtted. 

/\n annual review is required for each of the three years of this protocol. This review 
must he completed by the anni vetsary date of the protocol. If work is to be continued past the 
expiration date, n triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done witbou\ an flpproved protocol. Although tbc lACUC may send reminders, it is the 
investigator's responsibility to submit an annual review form (Form 3206A) at least 30 days in 
advance, or a new Form 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJl{b)(B) to schedule a 
pre-protocol planning meetingl<6}(6) frhis meel.ing must occur to ensure animal numbers 
are lt>aded in the CART syStem and LAM resources are available to meet your needs. 

1(6)(6) I 

cc: Office of Research 

rb><5i Ph.D. 
Chair. lnstirutionaJ Animal 

Care and Use Committee 

Doc 78 



USUHS FORM 3206 
ANIMAL ,STUDY PROPOS.AL 
PROTOCOL COVER SHEET 

PR·DlOCOL. NUMBER: ._ltb_l<5_l ___ _, 

I 
PROTOCOL TITLE: Charactenzation of ptpn-11 and Cbl Gain of f unttion Mutations 
using T1ransgenit mouse models 

fAJlANT TITLE (If ·different from above~: Characierizaticm of a murine rnodel of JMML 

USUHS PROJECT NUMBER~ 1 _<5_)(6-) __ _, 

IFUNDlNG AGENCY: oe·pal'tment of Pediatrics 

1EARklEST ANTICtPATED !FUNDING SIAJ~DDAI!: F,EB 201'5 

PRINCIPAL INV·E.STIGATOR: l._(S)_.te_) .................. ~!MO. PnO 

_ . - PED 1<~ 1 . 1~6) 1. 
Pn~pal 1nlhhnigatorS1gnatum Department bffiCeA'.ab Te,phone 

1/r/1? 
Date 

SC:IENTIFIC R:CV~EW: This animal use proposal 1received appropriate peer scientific 
review and iis consistent. wi"1 good stientific r-esearch practice 

R~rth uJ1W~6f' J Qept, ~ead Signature 
Typed Name: _n liMo 

Title 
Chair I~)(~ 

epfione 

JDIJSJ1CALJl1EYJEW~ A person k.nowledgeable in lbiostatistics reviewed this 
prqmsal to ensure tihat the number of animals used is appropriate to obtain suffitient 
data and/or is nolt excessive, and the statistical design is appropriate for the Intent of the 
study. 

Pf:D 

Department 

l{b)(ti) 

Telephone 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Vet-ertnarian was consulted in the planning of pr:ocedures and 
rrrarnipulations that may cause imore than sfi,ght or momentary pain or distress, even if 
r1ellieved by anesthetics or analgesics. 
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ANl1M~L PRO_TQ:COL NUM_B_EB: ..... l<b_l'6_) ___ _. 

PRINCllPAL INVESTIGATOR: l ... (b_x
5
_> ___ __,I PediatricsJ ... (b_J<

5
_> ---==I 

ANIMA.l.._PRQTOCOL TITLE: Characterization of ptpn-11 and Cbl Gain of Function 
Mutations using Transgenic Mouse Morlels 

;GRAtl1T~_J]L._EJiLd1tf_tx_~ from ,above): Characterization of a murlne model of JMML 

YSUHS PROJECT NUMBER~ ..... l'6>_<
6l __ _ 

CO-INVIESTIGATOIUS)! None 

TE_CtlN~CJANS(S:l: f ,_6_><
6
_) ------

1. INQN .. f1ECJ:IJ~UC~L_SYNOPSI&: Our laboratory is interested in studying how 
canoet.s develop s,o that we can ulUmately help find better treatments, More specifically, 
we are studying how Juvenile Myelomonocytic Leukemia (JMML)1 an aggressive form of 
childhood leukemia, develops and will try to understand the different steps that are 
reQuired for the development of this aggressive disease. While the tu re rates for 
childhood leukemia has increased to above 80%, the cure rate for JMML is less than 
50%, and we do not understand wh·y JMML ls a more aggressive disease or why 
chemotherapy is ineffective against JMML Despite difficulty in improving the 
treatments, much has beeii learned about the genetic lesions which cause JMML. Over 
the [pest few years, mutations in ptpn-11 as well as cbl were found in patients with 
JMML. In fact, 90% of patients with JMML will harbor mutations in ptpn-11, k-ras, n-ras, 
Cbl, or Nf-1 mutations. Interestingly all of ,these genes are known to be involved in a 
common biochemical pathway called the "ras pathway" defining JMML as a disease 
caused by hyperactive RAS signaling. 

Over the past three years, we have developed transgenic mice which carry mutant 
ptpn-11 transgenes as well the mutant obi transgenes. Upon aging the ptpn-11 mutant 
mice, some of the mice develop a myeloproliferative disorder witti an enlarged spleen. 
However, tlhey do not go on to develop fulminant JMML which is likely due to several 
factors such as requiring acldit1onal genetic lesions as well as the fact that our 
trarnsgenic mice have lower leve1 of expression than the endogenous gene. It also is 
likely that trne level of the normal endogenous gene affects the phenotype of these mice. 
Our future goals are to further cnaracterize the Cbl transgenic mice to see if they 
develop JMML as well as explore the other genetic lesions which cooperate with ptpn-
11 and Cbl in leading to the development of JMML. 

II. t. fia~kground: Juvenile My,elomonocytic Leukemia (JMML) is a devastating 
childhood c:arncer which is rapidly fatal with infiltration of myeloid cells into multiple 
organs [1]. Despite remarkable advances in the cure rates of childhood leukemia, we 

USUHS F olfn 3208 - Revised October 2008 
Previous versions are obsolete 

2 



have made little progress with JMML with stem cell transplant providing the only hope 
for cure [2}. The discovery that the ptpn-11 gene is mutated in up to 35% of JMML 
patient samples has provided an important clue in understanding the pathogenesis of 
this disease. It is now accepted that perturbations in the RAS pathway are essential in 
the development of JMML. Moreover, about 25% of JMML samples contain an 
oncogenic ras mutation [3, 4]. Now. with the addition of c-cbl mutations which is seen in 
about 15% of JMML patient samples, it appears that-90% of the initiating mutations are 
accounted for and all of them involve genes in the RAS pathway [5, 6}. 

The ptpn·11 gene encodes for SHP-2 which is a non-receptor protein tyrosine 
phosphatase. In order to better understand how ptpn-11 mutations predisposed these 
patients to develop myeloid malignancies, we first over-expressed leukemia-associated 
SHP-2 protein and found that they enhanced the proliferation of murine hematopoietic 
cells as well as making them hypersensitive to granulocyte-macrophage colony
stimulating factor (GM-CSF). It was also found that these effects are dependent on the 
increased phosphatase activity of the SHP-2 protein and that these leukemia associated 
ptpn-11 mutations were more potent than the Noonan syndrome mutations [7, 8). 
Others have also reported similar effects of ptpn-11 mutations on activating the RAS 
pathway and are summarized in the review by Mohi [9, 1 O]. 

During the past few years. new mouse models with mutant Shp-2 have been 
published. Chan et. al. reported the development of a knock in mouse model expressing 
the ptpn-11°6w mutation which is the second most common mutation after ptpn-11 E

15
K 

mutation. These mice develop a fatal myeloproliferative disorder with a median survival 
of 45 weeks. These mice also show enhanced phosphorylation of Erk and Stat5 which 
is similar to krasG120 knock in mouse model [11, 12]. Recently, Xu et. al. reported the 
phenotype of knock in mice which have the ptpn-11 E

15
K mutation and found that these 

mice develop a myeloproliferative disorder as well as myeloid leukemias and ly:m~hoid 
leukemias [13]. We have also generated transgenic mice carrying the ptpn-11 E

76 

mutation but these mice develop only mild myeloproliferative disease with splenomegaly 
when aged but do not die from this disease. This is most likely due to levels of the 
mutant gene being expressed compared to the knock in mice which have only 50% of 
the wild type protein being expressed whereas the transgenic mice have normal levels 
of the wild type protein. 

The c-cbl gene encodes a multifunctional adaptor protein which contains an N
terminal tyrosine-kinase binding (TKB) domain, a ring finger motif which contain E3 
ligase activity, and a C-terminal ubiquitin-associated domain. It is thought that the TKB 
domain is involved in adaptor functions of the protein whereas the ubiquitin ligase 
domain results in monoubiquitylation of receptors which promotes lysosomal mediated 
degradation of activated receptors (reviewed in[14]}. Previous mutations in myeloid 
malignancies have been described where mutations occur in the ring finger domain or 
the linker domain [15, 16]. It seems that amino acid residue 371, which resides in the 
linker domain and separates the TKB domain to the Ring domain, is critical in the 
transformation potential of cbl as deletion of Y371 both abolishes the E3 ligase activity 
and is oncogenic whereas mutation which only abolish E3 ligase activity is not 
oncogenic [17]. Interestingly, there was a hotspot for mutations at residue 371 in 
patients with JMML where 1/3 of mutations found in c-cb/were found to be a tyrosine to 
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histidine mutation, cbr371
H (5]. We have generated transgenic mice carrying the cbl371

H 

mutation. Because Cbl mutations require homozygosity in patients to develop disease, it 
is likely that we will need to inactivate the normal copy of mouse Cbl in order for the 
mutant over-expression to result in a disease phenotype. Our initial attempt at 
generating this model resulted in embryonic lethality due to the deleterious effect of 
having only mutant Cbl during development We are now trying to develop a conditional 
deletion model so that we can bypass the embryonic lethality. 

Animal models can be very useful in preclinical testing of novel therapies and 
especially important for rare diseases such as JMML. Genetically engineered mouse 
models are now being generated which accurately recapitulate human diseases [18]. 
Because the RAS pathway is clearly involved in the development of JMML, new drugs 
which target the downstream effectors of the RAS pathway are attractive candidates. 
For a rare disease such as JMML, clinical trials would be very time-consuming due to 
the lack of patient numbers and would not allow analysis of variety of agents which are 
now becoming available. Thus, transgenic mouse models engineered to phenocopy the 
biology found in JMML patients would be an attractive platform to test new therapeutic 
strategies with the statistical power to make an informed choice in taking new therapies 
to clinical trials. 

Finally, In order to investigate cooperating mutations required for the development of 
ptpn-11 induced cancers, we plan on performing crosses with previously generated 
mouse models from other oncogenes and tumor suppressor genes. In this way, we will 
be able to test the interaction of ptpn-11 mutations with other known oncogenic 
pathways. 
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11.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: BRO, NIH RePORTER, PUBMEO 

11.2.2. Date of Search: Feb 4, 2015 

11.2.3. Period of Search: 
BRO: 1996-2014 
NIH RePorter: 2010-2012 
PUBMED: 1960-2014 

11.2.4. Key Words and Search Strategy: Mouse models of JMML, Shp-2, ptpn-11, Cbl 

11.2.5. Results of Search: There are no reported studies using the ptpn-11 BAC. 
There is a published mouse model of Noonan syndrome using the "knock in" approach 
where one specific mutation was tested. There is now a knock in mutation of the ptpn-
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11 E7
SK mutation but it was tnot published when this work was started. There are no 

mouse models qt Cblv37114 mutation. There is a mu~ant Cbl ringer finger knock in mice 
carrying the C.blc~79A which is equ1ivalent to the Cblc381

"' which are found in myeloid 
diseases. 

IU. QB_J_E_C_IIV_E\HY~OJ'HESIS; The objective of this protocol is to gain insight into how 
mutations iin p.tp:n-11 gene and CIJI results ii'll the development of an aggressive forrn of 
chi1ldhood leukemia calied Jl.llvenlle Myelomonocytic Leukemia. By using an animal 
model :of JMML, we will be a'ble to analyze the specific pathways whish are perturbed by 
ptpn-11 mutations as well as investigating the coqperating mutations which are 
necessary for the development of this cancer. Finally, since the mice carry the exact 
mutations found in human cancers, we hope to eventually test new 'therapeutic 
strategoes using this animal model to help develop better therapies for this aggressive 
disease. 

IV. MILITARY RE·LEVANCE: Miiitary personnel on the battlefield may be exposed to 
radiaUon or toxic substances mat could induce leukemia development later in life 
Understanding the mechanisms underlying leukehlla development should help find 
better treatments for this devastating disease. Although the focus of thls study is 
studying the mechanisms invo~ved in a s,pecific form of childhood leu1<emia1 all cancers 
share many simHanities in pathogenesis suoh as activation of oncogenes and 
inactivation of tumor suppressor ge.nes. i heretore, accomplishing this study has the 
potential to identify novel pathways that could be targeted for treating other cancers. 

V. MATER.iALS AND fi!ETHODS: 
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V.1 .4. Experirne'nt 4~ To detetm~n*' th& leukemia initiating population from mutant 
Cbl mice through bone marrow transplantati.on. 

Once we have mice that ae-1elop MPD and or leukemia, we will further characterize 
tihe 1Clis1ease phenotype by examination of the cell surface markers by flow cytometry to 
determin"e the type of leukemia. In order to determine whether the myetoprolifetatlve 
disorder and or leukemia cells from the JMML mouse model is which is a hallmark of 
leukemia cells and its leukemia initiating cells, we wlll perform bone marrow 
trarnsplantation experiments. Lellkemic cells or pre-leukemic cells will be collected from 
dornor transgenic mice and then transplanted into lethally radiated normal non 
transgenic mice. Lethally irradiated hosts will be given normal supporting cells to allow 
the mice to recover counts with transplanted cells and then followed for the 
development of disease. 

In addition, in order to identify the leukemia initiating cells, different populations will 
be sorted by' i 1ow cytometry and then tested by bone marrow transplantation. Bone 
marrow will be extr,acted from mice at 6 to 12 weeks of age after euthanasia, and 
Hematopoietic Stem Cells (HSC}, oommon myelold progenitors (CMPs) and 
granulocyte macrophage pro~enitor (GMPs) will be purified from transgenic mice and 
will be transplanted into lethally irradiated B6-L Y5.2/Cr mice (8-12 weeks old females, 
purrchased froml<6K4J . The recipient mice will then be aged for up to 12 
months after transplantation by monthly blood counts (see section V.4, 1,2.1 for 
anesthesia [ptt')Gedures and section v.4.4,2 for biosample corilection) and monitored for 
the development of disease in orde:r to determine the identity of the leukemia initiating 
po;pulation. In additio:n, RNA, DNA. and protein wiH also be extracted from bone marrow 
cellls for gene e)(pression analyrses such as microarray analysis and RT-PCR. and 
western lblot analysis. 

CMPs and GMPs represent very small percentage of total bone marrow cells, 
Around 3 mice of each genotype are required to obtain sufficient CMPs (about 3)( 104 

cells) and GMPs (abo'Ut 6 x 104 cells) for our p(oposed molecular studies ih each 
e,~periment Therefore, for 2 independent experiments, 2 x 6 animals/experiment x 5000 
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cells= 60000 CMP cells which can be obtained from 6 total animals with the correct 
genotype. In addition, purification of CMPs and GMPs is a very labor intensive 
procedure considering the large number of femurs that have to be processed in each 
setting and requires at least 2 people proficient in this procedure to work together. This 
procedure also contains several sensitive steps that tend to be error-prone such as 2 
separate immune-staining procedures with different cocktail of antibodies and one final 
5-color cell sorting step. Therefore, animals generated in breeding protocol which don't 
have the correct genotype will be used for training and practice in preparation for these 
experiments after euthanasia. We will estimate that 20 mice are needed to learn the 
skills. 

Recipient 86-L YS.2/Cr mice will be irradiated on the da~ of transfer of hematopoietic 
cells with 850 to 1050 rads of total body irradiation from a l

7 Cs source located at room 
116)(6) IHematopoietic cells resuspended in PBS in a volume of 200 ul will be introduced 
by tail vein injection. Following transfer of the hematopoietic cells, mice will be 
monitored for signs of distress daily such as ruffled fur, hunched back, and decreased 
activity. Past experience has shown that lethally irradiated mice can suffer from infection 
during engraftment of the transplante<f cells. To prevent infection, all recipient mice will 
receive amoxicillin at a concentration of 1 mg/ml in the drinking water from 5 days prior 
to irradiation to 10 days post irradiation. Although occurring rarely. engraftment failure 
of the transplanted cells will also lead to recipient death between 7 and 1 O days after 
injection. Therefore. to prevent any potential suffering during this critical period of time. 
recipient mice will be monitored at least twice daily by Pl staff between 7 and 1 O days 
after transplantation for signs of distress induding rough coat, listlessness, or hunched 
posture. Any transplant recipients showing such signs will be euthanized immediately. 
The dose of irradiation used is expected to be lethal within 10 to 14 days in the absence 
of bone marrow reconstitution by transplanted cells. Successful recolonization of the 
recipient bone marrow in transplanted animals results in restoration of constitutive 
hematopoiesis over the normal life span of the recipient. 

Each transplantation experiment consists of 3-6 recipients and 5 experimental 
groups and requires a total of 25 86-L Y5.2/Cr animals as listed below: 1. PBS injection 
as positive control for irradiation (3 animals); 2. Supporting bone marrow (5 x105 bone 
marrow cells from non-irradiated 86-L Y5.2/Cr mice) as positive control for engraftment 
(3 animals); 3. CMPs (6 animals); 4. GMPs (6 animals); 5.HSCs (6 animals). For each 
transplant recipient in groups 3-5, 5x 103 of specified myeloid progenitors will be 
injected via tail vein along with 5 x105 bone marrow cells from non-irradiated 86-
L Y5.2/Cr mice for radioprotection. Therefore, in addition to the total of 24 recipients, one 
B6-LY5.2/Cr mouse is needed to provide non-irradiated bone marrow cells for each 
experiment. Group 1 recipients should die within 2 weeks after transplantation and will 
be euthanized as soon as they show sign of stress. Recipients in groups 2-5 should all 
survive after transplantation. While group 2 recipients will be euthanized at 4 months 
after transplantation, some of the recipients in group 3-5 will be euthanized at various 
times (2, 4 , and 6 months) after transplantation for analysis of reconstitution. Bone 
marrow and spleen after euthanasia will be collected for FACS analysis. This 
experiment will be repeated 2 times to reach any conclusions. 

So the minimum number of 86-L Y5.2/Cr mice required for this study is: 25 
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animals/experiment x 2 experiments= 50. 

Requested animal numbers: 
Transgenic mouse donors: Need 3 per experiment X 2 experiments X 50 = 300 
86-L Y5.2/Cr: 50 

Total Requested; 370 (300 donor animals and 48 irradiated recipients and 2 
unirradiated mice and 20 practice mice) 

V .2. Data Analysis: 

For all the experiments, gene expression and serial blood counts will be compared 
across genotypes using analysis of variance (ANOVA), student's t test, or 
nonparametric tests as appropriate. A sample size of 5 in each group will have 80% 
power to detect a difference of 2 standard deviations between groups using a 2-group t 
test with a 5%, two-sided significance level. This applies to experiment 4 where we are 
using 6 mice in order to ensure that we meet the minimum 5 needed as sometimes a 
mouse is lost unpredictably. 

For aging studies, log-rank tests will be used to compare time to development of 
sickness such as cancer across genotype. When the sample size in each group is 20, a 
5% two-sided log-rank test for equality of survival curves will have 80% power to detect 
a difference in proportion surviving to 18 months of at least 40 percentage points (e.g. 
99% vs. 59% surviving). This applies to experiment 3. 

V.3. Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives Considered: Tissue culture was considered, however 
cancer is a complex disease that requires proper interactions among different tissue 
and cell types within the context of a whole animal, and currently there is no tissue 
culture system capable of recapitulating this environment. In addition, cell lines used in 
tissue culture studies are different from normal hematopoietic cells in that they have 
acquired mutations that allow them to replicate indefinitely in culture, and results from 
these studies may not apply to normal cells. For example, leukemia associated ptpn-11 
mutations introduced into 3T3 fibroblast cell line could not detect any phenotype (KL, 
unpublished data) while the introduction of Noonan syndrome associated mutation 
cleared had multiple phenotypes when introduced into the mouse germline (Araki et al. 
2004). 

Computer modeling was considered as well, but the regulation of hematopoietic 
development is still largely unknown and there is no system available in the 
hematopoiesis field that can be used to predict gene function and consequences of 
gene mutations. 
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V.3.2. Animal Model and Species Justification: We have chosen to use mice for our 
studies because they are genetically well-characterized mammalian organism that has 
been shown to have a very similar hematopoietic system to that of humans. In addition, 
there are many tools available in mice but not in other mammalian models to genetically 
alter the germline and study the consequences of the· mutation on multiple organ 
systems simultaneously. We are using "knock out" mice which carry a null ptpn-11 allele 
or null cbl allele as well as other transgenic mice such as the vav-icre mice to help 
characterize the phenotype of ptpn-11 mutant mice and Cbl mutant mice. Other 
organisms such as Zebrafish and Drosophila were also considered, but both species do 
not represent the best model for studying human hematopoiesis. 

V.3.3. Laboratory Animals 

V.3.3.1 . Genua & Soecies: 

V.3.3.2. Strain/Stock 

V.3.3.3. Source/Vendor: 

V.3.3.4. Age: 

V.3.3.5. Wei a ht: 

V.3.3.6. Sex: 

\1 .3.3.7. Soecial Considerations: 

V .3.4. Number of Animals Reguired {b~ 
Soeclea): 

\( .3.3. 1. Genus & Species: 

V.3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V.3 .3.4. Age: Age range is acceptable. 
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SMcies#1 Soecies #2 
Mus musculus Mus musculus 

(0)(4) 

In house In house 

6 weeks to 16 6 weeks to 12 weeks 
weeks 

NIA NIA 

... 20 female -1 O fem ales and 1 0 
males 

SPF SPF 

Mice 20 Mice 20 

Species #3 Species #4 
Mus musculus Mus musculus 

D){'I) 

In house In house 

6 weeks to 12 6 weeks to 12 weeks 
weeks 
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V.3.3.5. Weight: Weight range is 
acceptable. 

V.3.3.6. Sex: 

V.3.3.7. S~clal Considerations: 

V .3.4. Number of Animals Required (by 
Species): 

V.3.3.1. Genus & Species: 

V.3.3.2. StralnlStock: 

V.3.3.3. SourceNendor: 

v .3.3.4. Age: Age range is acceptable.. 

V.3.3.5. Weight: Weight range is 
acceptable. 

V.3.3.6. Sex: 

v .3.3.7. Special Considerations: 

V.3.4. Number of Animals Required (by 
Soecies): 

--V.3.3.1 . Genus & Species: 

V.3.3.2. Strain/Stock: 

V.3.3.3. SourceNendor: 

V.3.3.4. Age: Age range is acceptable. 

USUHS Form 3206 - Rev1$ed October 2008 
Previous versions are obsolete 

NIA 

-1. 0 females and 
10 males 

SPF 

Mice 20 

Species #5 
Mus musculus 

C57Bl6/Ly 5.2 

(0)(4) 

6 weeks to 12 
weeks 

NIA 

35 males and 35 
females 

SPF 

Mice 70 

Species#7 
Mus musculus 

Cbl'·H ln;Cbl'IQllfllQX 

In house 

6 weeks to 12 
weeks 

NIA 

30 males and 30 
females 

SPF 

Mice 60 

Species t#6 
Mus musculus 

\U)(4) 

In House 

6 week$ to 6 month$ 

NIA 

-30 males and 30 
females 

SPF 

Mice 60 

Species #8 
Mus musculus -

Cbl 1 _,71 A; Cb 1ttoX7!1ox; vav-

icre 

In house 

6 weeks to 12 weeks 
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V.3.3.5. Weight~ Weight range is NIA NIA 
acceptable. 

V.3.3.6. Se,l(: -30 females and 150 males and 150 
30males females 

V.3.3.7. Special Considerations: SPF SPF 

V .3.4. Number of Animals Required (by Mice 60 Mice 300 
SDecies): 

V.3.5. Refinement Reduction, Replaeement 13 Rs); 

V.3.5.1. Refinemelllt: All animals on this protocol will lbe provided wi'th routine 
envfronmental renrichment i'n accordance with LAM SOPs and IACUC Polricies. 
Examples include nestlets and tunnels. Animals observed to be ill or showing signs of 
pa1in or distress such as hunched posture, ruffled fur, and decreased activity will be 
evaluated by veterinary starff to be treated or be euthanized for relief of suffering. 

V .3.5.2. Reduction: In order to reduce the animal numbers for this study, 
experiments have been designed to include tissue sharing among different experimental 
procedures including DNA extraction, RNA extraction, and prote~n extraction. 

V.3.5.3. Replacem&n't: Tissue culture and computer models were considered but inot 
adopted. Detai1ed explanations are pro'1ided in V.3.1. 

V .4. Technical Methods: 

V .4.1. Pain I Diatte~s Atsassment~ Animals observed to be ill or showing signs of 
pain or distress such as nunched posture, ruffled fur, and decreased activity will be 
eva'luated by veterinary staff to be treated or be euthanized for relief of suffering. 

V.4 .. 1.1. APHlS 'Form '70.23 information: 

V.4.1.1.1. Number of Animals: 

(b)(4) 

v .4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column O; 

v .4,. 1.1.1.,3. Column E: 

V.4.1 .1.1.1. Column C: 
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Ptp n-11 vv 1 /1111
; 

ohox2b-cre 
20 

20 

lOJ<4J 

60 
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V.4.1.1.1 ,2. Column D: 

".4.1.1 .1 .3. Column E; 

C57816/Ly 5.2 (b)(4) 

VA.1.1.1.1. Column C: .2.2 60 

V.4.1;1.1.2. Column O.: 

V.4.1.1.1.S. Column E: 48 

V.4.1.1.1.1. Column C: 300 

V.4.1.1.1.2. Column D: 
V.4.1.1.1.3. Column E: 

V.4.1.2. Pa1in ReHefJ er e~v_enti_o_n : Because we are trying to generate a mouse model 
ill become ill. Animals observed to be ill or showing signs of 
unc!hed posture, iruff1led fur. and decf1eased activity will be 

of leukemia. some mice w 
pain or distress isiuch as h 
evaluated by veterinary st aff to be treated or be euthanized for relief of suffering. All 

draw will be after euthanization. To prevent infection after procedures excep1 blood 
Irradiation. all animals wun be given 1pr1ophylactlc antibiotics for 14 days. 

V.4.1.2.1 . Anes1hesialAo a_hte_s!9/Tranquilization: 

Local anesthesia for bloo· d draw: For sruperfkial temporal vein sampling, we will not use 
ral tain vein or ventral artery sampling. we wm use lidocaine 
ray for local anesthesia. For other types of sampling, we will 

mber or injectable anesthesia. lsoflurane chamber is available 
ators and tor injectable anesthesia, intraperitoneal injection 
iazine mixture (110:1 mixture of 100mg/ml solution) will be 

loGal anesthesia. For late 
cream or ethyl 1chloride sp 
use either isoflurane icha 
in ILAM for l.!lse by investig 
with 0.1 cc of ketaminetxy 
used !f needed. 

V.4.1.2.2. Pre .. a.od .Post-pt_Q_C_e_d_u_raJJ_ru>J___s_urgery} Provisions; To prevent infection 
1Pierrt mice will reoeive amoxicillin at a concentr-ation of in Irradiated mioo, all reci 

1 OOUJg/ml in the drirn1<ing water frrom 3 days prior to irradiation to 14 days post irradiation. 

V.4.1 .2.3. Paralyticg: NI. 'A 

V.4.1.3. Literature Sea rth for Alternatives to Painful or Distressttil Procedures: 

V.4.1.3.1. Sources Searc hed~ Pubmed 

V.4. 1.3.2. Pate of Searc. h: 2(20/15 
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V .4.1.3.3. Period of Search: 1990-2014 
V .4.1.3.4. Key Words of Search: animal models, animal irradiation procedure and 
alternatives 
V.4.1.3.5. Results of Search: 
Based on the search results, replacement of proposed procedure regarding irradiation 
of mice for bone marrow transplantation was considered but there is no viable 
replacement for irradiation. 
V .4.1.4. Unalleviatad Painful or Distressful Procedure Justification: Irradiation is 
used to prepare the recipient mice for accepted donor bone marrow. Irradiation itself is 
not painful but results in side effects which can be painful but is needed for transplant 
procedures. Chemotherapy can be used but results in the same side effects or worse. 
There are colony formation assays which can be correlated with ability to reconstitute 
the hematopoietic system. However, there is no substitute for testing in an animal 
model. We will use the minimum amount of mice necessary for transplant studies and 
euthanize animals as soon as signs of distress appear. 

V.4.2. Prolonged Restraint: NIA 

V.4.3. Surgery: NIA 

V .4.3.1. Pre-surgical Provisions: NIA 

V.4.3.2. Procedure: intravenous injection as described in V4.4.1 below and 
phlebotomy as described in V4.4.2 below. 

V.4.3.3. Post-surgical Provisions: NIA 

V .4.3.4. Location: NIA 

V.4.3.5. Surgeon: N/A 

V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: Intravenous injections will be required for infusing whole bone 
marrow cells, sorted stem cells, and/or leukemia cells for transplant experiments. A 27 
gauge needle will be used for tail vein injections with cells in phosphate buffered saline 
at a maximum of 10% blood volume to be delivered. For inhalation anesthesia, we will 
use the isoflurane chamber available in LAM or for injectable anesthesia, intraperitoneal 
injection with 0.1 cc of ketamine/xylazine mixture ( 10: 1 mixture of 100mg/ml solution) 
will be used if needed. 
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V.4.4.2. Biotamples: Hematopoietic tissues including bone marrow, thymus. spleen, 
and lymph nodes will be collected at euthanasia. In addition, animals that are being 
aged will receive periodic blood counts (not more than monthly) done via tail vein 
phlebotomy or other IACUC accepted methods such as sub-mandibular phlebotomy. 
For tail vein phlebotomy, a lancet is used to make an incision at the tail vein and drops 
of blood are collected using a capillary collection tube. For submandibular phlebotomy, 
anesthesia is used for the procedure followed by an incision using a lancet and 
collection using capillary collection tube. Only about 50 to 100 microliter of blood will be 
collected and used for blood counts which are less than 5% of blood volume. 

V.4.4.3. Adiuvants: NIA 

V.4.4.4. Monoclonal Antibody (MAbs) Production: N/A 

V.4.4.5. Animal Identification: The identification system adopted consists of two 
parts, a specific animal number assigned to each mouse in the colony and a specific ear 
punch pattern generated to distinguish individual mouse inside of a cage of 5 animals. 
Specifically, one animal will not be ear-punched while 4 other animals will be punched in 
either the top or bottom part of the left or right ear. These ear punch patterns will be 
assigned with specific codes: 00 for no punches, 01 for top right ear. 03 for bottom right 
ear, 10 for top left ear, and 30 for bottom left ear. These ear punch codes will be 
recorded along with the individual animal number assigned to each mouse and the 
genotypes on the cage card. Ear punches will be performed by me or my future staff. 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Pro~eduree: Irradiation for bone marrow reconstitution e)(periments: 
Recipient B6-LY5.2/Cr mice will be irradiated on the day of transfer of hematopoietic 
~th 850 to 1050 rads of total body irradiation from a 137 Cs source located at room 
E:._J-tematopoietic cells resuspended in PBS in a volume of 200 ul will be introduced 
by tail vein injection. Following transfer of the hematopoietic cells, mice will be 
monitored for signs of distress daily such as ruffled fur. hunched back, and decreased 
activity. All irradiated mice will be monitored by the Pl or research staff daily for 14 days. 
Any recipients found morbid will be euthanized immediately. 

V .4.4.8. Tissue Sharing: Tissues may be shared with other investigators upon 
request. 

V.4.S. Study Endpoint: The study endpoint for aged animals is up to 18 months of age 
or when euthanized earlier due to symptoms of leukemia such as bleeding, listlessness, 
and cachexia or other diseases. The criteria for early removal of aged animals will be if 
animals appear to be ill or in discomfort based on the evaluation by the veterinary or 
research staff and will be treated or euthanized as appropriate. 

V.4.6. Euthanasia: Animals under this protocol will be euthanized by research 
personnel. In general. mice will be euthanized using cylinderized C02. These animals 
will be placed in a cage or chamber that is not crowded and exposed to a mix of C02 
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and oxygen. The C02 flow rate will displace at least 20% of the chamber volume per 
minute. Flow will continue for at least one minute after visible sign of death. C02 
euthanasia will be follo'\/o.led by ceNical dislocation to ensure death. 

V.5. Veterinary Care: 

V.5.1. Huabandrv Considerations: Except as noted below. routine animal husbandry 
will be provided in accordance with LAM HuSbandry SOPs for each species in this 
protocol 

V.5.1.1. Study Room: 
Building(s) ... 1(6_116_) ______ l Room Number( s ) L.l 6_1<6_> ____ ____..___ 

V.5.1.2. Special Husbandry Provisions: 

Food Restridion: Yes No x 
Fluid Restriction: Yes No x 

V.5.1.3. Exceptions: None 

V.5.2. Veterinary Medical Care: 

V.5.2.1 . Routine Veterinary Medical Care: Animals will be obseNed at least once 
daily by Center for LAM personnel. Pl will observe the colony at least once a week 
unless the animals have been irradiated in which case they will be observed daily for 14 
days post-irradiation. Animals or pups observed to be ill or showing signs of pain or 
distress such as hunched posture. ruffled fur. and decreased activity will be evaluated 
by veterinary staff to be treated or be euthanized Pl should be contacted for potential 
tissue collection needs if sick animals are to be euthanized by LAM personnel. 

V .5.2.2. Emorgency Veterinary Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: Except as indicated below, all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents 
V .5.3.2. Enrichment Restrictiona: NIA 
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VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 
STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Qualtficattons of person Specific training m this 
Protocol activity or performi"9 activity (e.g, activity or procedure 

procedure (e.g. , tail vein Name of person research technician. 2 (e.g., rodent handling 
iniections euthanasia) oerformino activitv vrs exoerience~ class 1999) 

IP injections, tail \D)\O/ 14 years of Animal Care and 
vein injections, tail experience Use Introductory 
vein blood Training Course at 
collection. and C02 Lawerence Berkeley 
euthanasia Laboratory, 1989, at 
punching Northwestern 

University, 1992, at 
UCSF 2005, 
USUHS 2009) 

Experimental gen 
etics oi laboratory 
mouse. course at 
Jackson laboratory, 
1992. 

Co2 euthanasia 5 years of Animal Care and 
experience Use Introductory 

Training Course at 
USUHS Aoril, 2009. 

VII. BIOHAZARDS/SAFETY: 

Personal protective equipment will be used such as gloves, lab coat and mask when 
handling mice and its tissues. Anesthetic agents and drugs will be handled wearing 
gloves with active scavenging system such as a hood or suction device to eliminate 
potential exposure when using inhalation anesthesia 

VIII. ENCLOSURES: 
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IX. ASSURA!NCES: 

As the Principal Investigator on this pr~ocol. I adcnowtedge my responsibilities and 
provide assurances for the follOW1ng: 

A. Animal Use: The animals authorized for use 1n this protocol will be used only in 
the activities and in the manner described herein, unless a modification i$ specifically 
approved by the IACUC prior to its implementation 

8. Duplialtion of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol ls not an unnecessary duplication of ·previous experiments. 

C. StatJatical Aaaurance: I assure that I have consulted with an Individual who is 
qualified to evaluate the statistical design or strategy of this proposal. and that the 
"minimum number of animals needed for scientific validrty are used: 

D. Blohazard\Safety: I have itaken into consideration and made the proper 
coordinaiion regarding all applicable ruies and regulations concerning radiation 
protection. biosafety. recombinant issues. and so forth. in the preparatt0n of this 
protocol. 

E. Training: I venfy that the personnel performing the animal procedures I 
manipulations I observations descn'bed in this protocol are technically competent and 
have been property trained to ensure that no unnecessary pain or distress will be 
caused ito the aninals as a result of the procedures I manipula1ions. 

F. Training: I verify that t have attended the USUHS lnwstJgatorlAnimal User 

F°jnaCOUM 
1 

Pnnapal Investigator Signarum Date 

G. Training: The followmg personnel will attend the next USU HS 
llnvestiigator/Anlmal User Training Course· 

H. 'Responsibility: I acknowtedge the inherent moral, ethical and administrative 
obUgations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and weU-being of the research animals. Additionally, I pledge to 
conduct this study in the sp1nt of the fourth "R" that the 000 has embraced, namely, 
"Responsibility" for impfementing anma1 use alternatives where feasible and conducting 
humane and lawful research. r)(:) 

Principal Investigator Signature Date 
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I. Painful ProceduN(s): 

J am conducting biomedical ell:periments which may potentially cause more than 
momentary or $light pain or diStress to animalS. This potential pain and/or distress 
W1LL or WILL NOT !be relieved with the use of anesthetics, analgesics and/or 
tra'l1Q1.1llizers. I have considered alternatives t.o sueh procedures: however, uSing the 
methods and sources described in the protocolt I have determined that alternative 
procedures are not available to accomolish the objectives of thi& proposed experiment. r)(6) I 

Principal lnVetligator Slgnatun? Da'te 
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X. PROiOCOl ABSTRACT: 

A. An:imal P1rotocol Number: .... r_>t
5
_> ____ ..... 

B. Animal Protocol Ti_tle: Characterization of ptpn-11 and Cbl Gain of Function 
Mutations using Transgenic mouse models 

C. Princip,_al lnvesti,gator: ..... 1!6_)(6_) ___ __,I MD, PhD, Pediatrics 

D. 1Performina0rganiution: Uniformed Services University of the Health Sciences 

E. IFundi!lg: Department of Pediatrics 

F. Objective and Approach: Juvenile Myelomonocytic Leukemia (JMML) is 
an aggressive disease of childhood with a very poor prognosis. Despite improvements 
in cure rates of childhood leukemia approaching 90%, most patients with JMML 
ultimately succumb to their disease. The discovery that JMML samples cohtained a 
mutated form of the PTPN11 and Cbl gene has given us new insights if'ltO the biological 
differences between JMML and other leukemias. It has highlighted the importance of 
gain of function mutations which activate the ras pathway in the pathogenesis of JMML. 

Our laboratory is interested in ~tudying how mutations in genes involved in the 
ras [Pathway cause the development of JMML and investigating the cooperating events 
that make this leukemia different. Using known leukemia associated mutations tdentified 
from human JMML samples, we have generated mouse models of this disease using a 
lbacterial a1rtifiaiaJ chromosome (BAC) containing the PTPN11 locus. In addition. we 
nave also 1incorporated the Cbl mutations to be expressed using the conditional 
PTPN11 aAC as tlhe vector to drive tissue specific expression. 

We have been expressing the transgene in specific tissues by crossing the 
lransgenic mice with different Cre expressing strains and are evaluating the mice by 
serial blood counts. We are planning to further investigate the cooperative events 
r-equired for lthe development of JMML by utilizing genetic crosses to investigate the 
effect of two different oncogenic mutations. We hope to develop novel therapeutic 
strategies targeting the ras pathway using these mice as a therapeutic platform in the 
·future. 

The objective of thit protocol is to characterize the role of mutant ptpn-11 gene and Cbl 
during nof1mal mammalian development, with a focus on hematopoietic development and 
leukemogenesis. Different genetically engineered mutant mouse strains for ptpn-11 alid 
Cbl will be generated and characterized. Developmental defects in these mutant animals 
wm be characterized comparing to wild-type littermates. In addition, mutant ptpn·11 mice 
and Cb~ mice will be lbred with other transgenic mice to further characterize the mutant 
phenotype and to study ttie function of ptpn-11 and Cbl. The three R's (reduction, 
replacement, and refinement) of animal usage will be employed. 

G. Indexing Terms (Descriptors); Transgenic mice, ptpn~11 , shp-2, Cbl, JMML 
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UNIFORMED SERVICES UNIVERSIT'V OF THE HEALTH SCIENCES 
4301 JONES BRIDGE ROAD 

SETH'ESOA, IAARYlANO 20&14~712 
- .osuh1.mil 

April29, 2016 

MEMORANDUM roR DR .... l(b-)(e_) ____ ___.I DEPARTMENT OF PEDlA TRfCS 

SUBJECT: IACUC Approval of Prococol - Triennial Review 

The following application was reviewed and approved by the UniformcJ Services 
Uruversity of the Health Sciences (USU HS) Institutional Animal Care and Use Committee 
(JAClJC) via Designated Member Review on April 29, 2016: 

Animal Protocol Title: .. Role of Setbp I in Leukemic Stem Cell Sclf·Renewal in Mice .. 

USUHS Protocol Number: .... 1<
6_>16_> ___ _, 

Expiration Date: April 28. 2019 

.fumnorting \ rrantfa) Number: l._16_X6
_> ___ __, 

Name of..Principal Investigator: Dr.l ... tb_xe_> _____ _, 

Tiic USUHS has an Ani1nal Welfare Assurance on file with the Otlice for Laboratory Animal 
Welfare (OLA W), Nntion:i.l lnstitutes of Health (NlH}. Tne Assurance Number isl(b)(6} I T\'ie 
IACUC approved the above referenced application as submitted. 

An annual n::view is required for each of the three ycrars of this protocol. This revitlw must be 
completed by the anniversary Ja.tc oftne protocol. lfwork is lo be oon1\nued past the expiration dnte, 
a triennial review must be completed prior to the expiration Jatc in order for work to be uninterrupted. 
Pr0tocol expiration dat~s may not be extended, and no animal work may be done without an 

approved ptotoeol. Although the IACUC may send reminder!>, it is the investigator's responsibility to 
submit an annual review form (Fonri 3206A) at l~ast 30 days in advance. or a new Form 3206 for 
triennial review at least 60 days in advance of expiration. 

Prior to placing your tirst animal order. please contact MAJlt65(6J ho schedule a post 
approval metting with LAMl(b)(e) I This meeting must occur to ensure an imal numbers are 
loaded in the CART sysrem and LAM resources are a\.ailable to meet our needs. 

cc 
Offic~ of Research 

( 

Chair. Institutional Animal 
Care and lJse Committee 
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ANIMAl- PROTOCOL TITLE; Role of Setbp1 in leukemia-initiating cell sell-renewal in 
mice 

GRANT TiTtE (if differ&ot fro~m above}: Role of_r_><4_> ___ hn SETSP1 -induced 
Leukemia Development 

USUHSPROJECTNUMBER: _l(b)-~> ______ _ 

DAI GRANT NUMBER: p ><5> 

CO·-INVESTIGATOR(S): N/ A 

TECHINIC~ANSiS}: l<b)(s) 
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'· NON-TECHNICAL SYNOPSIS: This study is designed to use mice. a'<S a model to 
investigate the role of a gene called Setbp1 in the development of leukemia, a deadly 
disease affecting many people, and also to identify better therapeutic strategies for 
Setbp1-induced leukemia. Mice carrying bone marrow cells that contain extra copies of 
the Setbpi gene or Setbp1 mutations identified in leukemia patients will be generated in 
some studies by bone marrow transplantation and examined to understand the 
mechanisms for leukemia development Bone marrrow donor mice will be treated with a 
drug called 54Juorouracil to facilitate the introduction of normal1 or mutant Setbp1 gene 
copies into their bone rnanow cells. 5-fluotouracil treatment at our proposed dosage 
will not cause adverse symptoms in mice. Bone marrow reGipleht mice will be irradiated 
before transplantatkm to enhance the establishment of the transplanted cells in thelr 
bone marrow. Irradiation at our proposed dosage is lethal to mice if not treated 
afterwards, Howe\ler. these recipient mice in our study will be fully rescued by the 
subsequent trahsplantation of donor !Jone marrow CAiis . Som reci ient mice that 
developed leukemia will also be treated with a drug called ~ ) o test its potential 
therapeutic effects against Setbp 1-induced leukemia. treatment at our 
proposed dosage will not cause adverse symptoms ln mice. The accompHshment of this 
study will help develop more effective therapies for leukemia pa'tients in the future. 

Ii. BACKGROUND: 

11.1. Background: Targeting the unlimited self-renewal capability of leukemia= 
initiating cells (UCs) represents a new promising strategy for leukemia therapy 1.2. 

However, only a small number of genes/mutations have been identified to confer thiis 
feature to UCs, which has significantly hampered our unders1anding of the underlying 
mechanism(s} for LIC self~renewal and our ability to design effective Inhibitory 
stfategies We \lave previously found that overexpression of Set binding protein 1 
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(Setb.p1). which encodes an AT-hook transcription factor, could confer unlimited self
renewal capability to normal mouse bone marrow progenitor cells and cause their 
immortalitation in culture, suggesting that it could be a UC self-renewal regulator 3. The 
relevance of SETBP1 overexpression to liurnan leukemia development is also indlcatea 
by a previous study showing its overexpression in a significant fraction (up to1 27%) of 
human acute m. eloid leukemia cells 4. More recent\ . in our collaboration withi Dr. 

( ( 

highfy f1ecurrent point mutations of SETB 1 were identrfied in 15% o chrornc 
myelomonocytic leukemia and 17% secondary acute myeloid feuKernia patients in a 
sequenGing 5creen of over 700 myelodysplastic syndrome (MOS) and myeloid leukemia 
patients s. These point mutations are missense mutations concentrated in a stretch of 
15 amino adds of SETBP1 protein with D866N and 1871T being two of the most 
prevalent changes. Given the high prevalence of th~se mutations in humah patienis, it 
Is essential to understand the mechanisms lhraugh which they may contribut:e to 
leukemogenesis. Under previously approved protoco1l<b)(6l lwe have 
discovered that both Setbp1 and Setbp1 mutations are potent oncogenes capable of 
irnducing my,eloid leukemia development in mice. However. the moleculaf me.chanisms 
te~ponsib\e for their oncogenicrty remain unclear. In the proposed studies, we will 
examine the ipo1ential complex formation and coo -eratlon of Setb -1 and Setb -'1 
mu\ations with __ rot~lns io~ludio (bX4) 

{b)(4) in inducing leukemia 
development. 

11 .2. Literature Search f(J1r OuplicaJion: 

11.2.1. Lfterature So1>1rce(s) Searched: DTIC. NIH RePORTER and PubMed 

11.2.2. Date Qf Seatc.h: April 4, 2016 

U.2.3. Period of Search: 
DTIC: 1965 - 2016 
NIH RePORTER: 1988 -2016 
PubMed: 1950 - 414/2016 

11.2.4. Key Words and Search Strategy: This study is mainly designed to use the 
mouse bone marrow transduction and transplantation model to characterize the function 
of Setbp1 in leukemia development Therefore, "Setbp1" together with "leukemia" and 
"mice" were used as the search term. 

ll.2.5. Results of Search: Four projects were returned on DTlC. Two of them are my 
animal study protocols from 2008, and the other two are projects focused on prostate 
cancer. Three projects were returned on NIH RePORTEFt One of them is my project 
funded by NCL Two other projects returned are focused on cooperation of SETBP1 
mutations with CSF3R mutations in chronic neutrophilic leukemia and tlt'ypical chror'frc 
myelo:id leukemia. There is no overlap of these studies with my current study, which 
investigates cooperation between Setbp1 andl(bJ<4> ' n de\lelopment of acute 
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myeloid leukemia. Six articles were returned on PubMed as listed below. Article #1, #5, 
and #6 were published from my laboratory. Article #2 studied the engraftment of human 
leukemia cells with a SETBP1 mutation in immune-deficient mice. Article #3 is a review 
article on chronic neutrophilic leukemia. Article #4 studied potential cooperation 
between SETBP1 and AXSL mutations, which is different from the focus of this 
proposal. Thus, all six articles have no overlap with my proposed studies. 

1: Vishwakarma BA, Nguyen N, Makishima H, Hosono N, Gudmundsson KO, Negi V, 
Oakley K, Han Y, Przychodzen B. Maciejewski JP, Ou Y. Runx1 repression by histone 
deacetylation is critical for Setbp1-induced mouse myeloid leukemia development. 
Leukemia. 2016 Jan;30(1 ):200-8. doi: 10. 1038/leu.2015.200. Epub 2015 Jul 24. 
PubMed PMID: 26205084; PubMed Central PMCID: PMC4703539. 

2: Sivagnanalingam U. Balys M, Eberhardt A, Wang N, Myers JR, Ashton JM, Becker 
MW, Calvi LM, Mendler JH. Residual Disease in a Novel Xenograft Model of 
RUNX1-Mutated, Cytogenetically Normal Acute Myeloid Leukemia. PLoS One. 2015 Jul 
15;10(7):e0132375. doi: 10.1371/journal.pone.0132375. eCollection 2015. PubMed 
PMID: 26177509; PubMed Central PMCID: PMC4503761 . 

3: Tefferi A, Elliott M, Pardanani A Chronic neutrophilic leukemia: novel 
mutations and their impact on clinical practice. Curr Opin Hematol. 2015 
Mar;22(2):171-6. doi: 10.1097/MOH.00000000000001 14. Review. PubMed PMID: 
25575036. 

4: Inoue D, Kitaura J, Matsui H, Hou HA, Chou WC, Nagamachi A, Kawabata KC, 
Tagami K, Nagase R, Horikawa S, Saika M, Micol JS, Hayashi Y, Harada Y, Harada H. 
Inaba T, Tien HF, Abdel-Wahab 0, Kitamura T . SETBP1 mutations drive leukemic 
transformation in ASXL 1-mutated MOS. Leukemia. 2015 Apr;29(4):847-57. doi: 
10.1038/leu.2014.301. Epub 2014 Oct 13. PubMed PMID: 25306901 ; PubMed Central 
PMCID: PMC4501574. 

5: Makishima H. Yoshida K, Nguyen N, Przychodzen B, Sanada M, Okuno Y, Ng KP. 
Gudmundsson KO, Vishwakarma BA, Jerez A, Gomez-Segui I, Takahashi M. Shiraishi 
Y, Nagata Y, Guinta K, Mori H, Sekeres MA, Chiba K. Tanaka H, Muramatsu H. 
Sakaguchi H, Paquette RL, McDevin MA, Kojima S, Saunthararajah Y, Miyano S, Shih 
LY. Du Y, Ogawa S, Maciejewski JP. Somatic SETBP1 mutations in myeloid 
malignancies. Nat Genet. 2013 Aug;45(8):942-6. doi: 10.1038/ng.2696. Epub 2013 Jul 
7. PubMed PMID: 23832012; PubMed Central PMCID: PMC3729750. 

6: Oakley K, Han Y. Vishwakarma BA, Chu S, Bhatia R, Gudmundsson KO, Keller J, 
Chen X, Vasko V. Jenkins NA, Copeland NG. Du Y. Setbp1 promotes the self-renewal 
of murine myeloid progenitors via activation of Hoxa9 and Hoxa10. Blood. 2012 Jun 
21 ;1 19(25):6099-108. doi: 10.1 182/blood-2011-10-388710. Epub 2012 May?. PubMed 
PMID: 22566606; PubMed Central PMCID: PMC3383018. 

Ill. OBJECTIVE\HYPOTHESIS: The objectives of this study are to gain novel insights 
into the cellular and molecular mechanisms by which Setbp1 overexpression and 
missense mutations induce leukemia development. and also to test new therapeutic 
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strategies for S£TBP1-induced leukemias based on these insights tnrough the use of 
mouse models. 

IV. MIL.ITARY RELEVANCE: Leukemia represents a significant challenge for OoO 
medical care. Leukemia occurrence in the general population of U.S. is about 12 every 
100,000 people according to statistical studies by National Cancer Institute. About half 
of these patients will die due to limited treatment options for this devastating disease. 
There are estimated over 5 million military personnel and their family members under 
OoD based on a 2004 study reported by Military Family Research Institute at Purdue 
University. Therefore, more than 600 new leukemia cases and over 300 deaths due to 
leukemia are estimated to occur every year in the DoO health care system. These 
numbers could be even higher as the occurrence of leukemia could potentially further 
increase among military personnel due to their possible exposure to toxic substances or 
radiation on the battlefield, Finding better treatments for leukemia patients represents 
an important need for the DoD health care system. Our proposed study will help gain 
unsights into the mechanisms underlying leukemia initiation and progression, and 
mechanistic understanding of leukemia development should help find preventive 
measures ,'and better treatments for this devastating disease. 

V. MATERtALS AND METHODS: 

V .1. experimental Design an_d General Procedures: 

V .1.1. Experlme_nt 1 · To determine the therapeutic effects ofl(b)(4) 
fbX4> Ion Setbp1-induced myeloid leukemias. ...._ _____ __, 

Based on our finding otl(b\(4) I we have found 
that treatment wit~(b)(4) !caused 
apoptosis and differentiation of Setbp1-immortalized myeloid progenitors in culture, 
suggesting thadl6><

4
J •nnibitors could be used for treatment of human myeloid 

leukemias w1ith SET6P1 overexpression or SETBP1 activation mutations. To fu,rther test 
thls hypothesis, we would lil<e to test th~(b)(:i) l(b)(l> I 
purity== 99.79%}, an orally bioavaliablel(b)(4> Jin treating murine myefoid 
leu~e~ias indu~ed by overexpression of :-Vil~-type Setbpi (~;po1-wn ?r Setbp1 
act1vat1on mutation D868N (Setbp1-DN) m vivo. The use otE:P'i _J is 1n accordance 
with 1lACUC policy 27 of guidelines for the use of non-pharmaceutical grade compounds 
in laboratory animals as there is no equivalent veterinary or human drug tof6><

41 lthat 
is available for experimental use. 

Specifically. bone marrow or spleen cells (viably frozen) from previous Setbp1-in<1uced 
leukemic mice (gener~d preyjously jo B6-LY5 2/J r mice by bone marrow 
transplantation unde~ > will be transplanted into irradiated 7-
12 weeks old 86-L Y5.2/Cr mice. These 86~LY5 .2/Cr recipients will be iTradiated on the 
day of transplantation with 1, 100 rads of total body irradiation from a 137 Cs source 
located at room ~)(6) I The leukemia cells ( 1 x 106 cells/mouse) along with 5 x 105 
supporting bone marrow cells from un-irradiated 86-L Y5.2/Cr mice resuspended in PBS 
in a volume or 200 ul w ill be introduced into each recipient by tail vein injection. 
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Following transfer of the hematopoietic cells mlce will be monitored for signs of d istress 
daily. Any recipients found morbid will be euthanized immediately. The dose of 
irradiation used is expected to be lethal within 10 days in the absence of bone marrow 
reconstitution by transplanted cells. Successful recolonization of the recipient bone 
marrow in transplanted animals results in restoration of constitutive hematopoiesis over 
the normal life span of the recipient. Past experience has shown that lethally irradiated 
mice can suffer from infection. To prevent infection. all recipient mice will receive 
amoxicillin at a concentration of 1 mg/ml in the drinking water from 5 days prior to 
irrad iation to 10 days post irradiation. A lthough occurring rarely , engraftrnent failure of 
the transplanted cells will also lead to recipient death between 7 and 10 days after 
injection. Therefore, to prevent any potential suffering during this critical period of time, 
recipient mice will be monitored twice daily by Pl staff between 7 and 10 days after 
transplantation for signs of distress including rough coat. listlessness. or hunched 
posture. Any transplant recipients snowing such s igns will be euthanized immediately. 

At one week after transplantation, the recipient mice will be divided into 2 groups, one 
receivingl16R4

> lat 20 mg/kg of body weight (in 200ul 50%PEG4.00/50%ddH2d) 
thr~ugh oral ~avage on?e every .z day~ to~ 22 days (total 10 doses) and. the ot~e. r 200ul 
vehicle ·only. b)(a) hs a new 1rwestigat1onal compound and no chemical purity 
standards have been established; however,l<6l(4> kreatment at the proposed dosage 
has been shown to be safe for mice 6 . Treated mice w ill be monitored for signs of 
leukemia development including rough coat, listlessness. and hunched posture. Any 
recipients displaying any combination of two or more signs of distress above will ce 
euthanized immediately. It is expected that mice receiving vehicle only will develop 
leukemia w ithin 2-3 weeks after transplantation. Absence or delaye~ ~kemja 
development in mice treated with~bX4> lwm strongly suggest that 1 ~an be 
effective in treating human myeloid leukemia patients with SETBP1 overexpression or 
activation mutations. 

The study end point is 3 months after transplantation when all survived animafs will be 
eu1hani2:ed. A total of 6 leukemias (3 induced by Setbp1-WT and 3 induced by· Setbp1-
DN} will be transplanted in order to draw any significant conclusions. For each 
leukemia, ·10 recipient mice will be transplanted (5 torlt6>14l ltreatment, 5 for vehicle). 
Therefore, this experiment requires a total of 60 Be-L YS.2/Cr recipients (6 
leukemias~ 10 recipients/leukemia). 6 additional 96-LYS.2/Cr mice will be used 
as donors for supporting bone marrow as each transplantation experiment 
requires one such donor. 

Reguired animal numbers for Ex eriment 1: 

Experimental groups 
Strains Supporting 

vehicle B.M . 
Total 

.__s_s_-L_Ys_. 2_1c_r__,_~(C_a_te~3~~~-E.____.__,,_c~a_te~3o~o~E;;;.L..__..._~C~a~~~6~o~c_,_..__~-66~--1 
JC .etiment 2: To determine -e , operation between Setbp1 and ._l<6_X4_> _ __, 

gene in leukemia development using 
.__ _ ___,_o_n_e_m_a-rr-o-w"""t_ra_n_s""!'d-u"""lct~10-n-a-n-d~t~r-an__.splantation. 

USUHS Form 3206 - Revi5ed January 2015 
Prevlo1.1;i versions ore ob,olete 

6 



We h~ve identifi_~d~as a ~tential ~~operating partn~r for ~ji~~)1 j ctivation_ in a~ute 
myelo1d leukemia development due to its complex formation with 0 and Setbp1 and 
its overexpression in Setbp1-induced leukemia cells. To directly test this idea, we Will 
co-transduce 5-fluorouracil (5-FUl treated mouse bone marrow progenitors with 
retroviral vectors expressing~and Setbp1-WT/Setbp1-DN and assess their 
leul<emogenic potential in comparison w ith singly transduced cells in transplantation 
recipient mice. 

~~.:.:.:::.:.:....t:· .:..:ro::...,enitors from C57BU6 mice (8 to 12 weeKs old females 
i...-____ ..... wlll be transduced with retrovirus expressing Setbp1-

WT/Setbp1-DN alone (b · lone, or the combination, and transplanted into irradiated 
B6-L Y5.2Jcr recipients. The 5~FU treatment helps deplete the number of more mature 
progenitor cells in the bo.ne marrow and induce the cycling of hematopoietlc stem cells 
which are targets of retroviral transduction in the ne,xt step. M ice will be treated once 
with 0.2ml of 5-FU (pharmaceutical grade) in phosphate buffered saline (PBS} via tntra
peritorneal injection to achieve a dose of 150 mg/kg body weight 4 days before bone 
marrow harvesting. The treated mice w111 be euthanized by C02 asphyxia1ion and bone 
marrow cells will be harvested from their femurs under s1erile conditions. The dose of 5-
FU used in these experiment is not expected to cause any animal morbidity or illness. 

Bone marrow cells extracted from 5-FU treated m ice will be infected with re licabon 
incompetent retroviral vectors carrying Setbp1~WT/Setbp1 -ON and __ lo......, ___ _ _, 
(retroviral vector usage has been approved by IBC under project 0 

< These 
viruses will be collected from culture medium of cell fines designed to package viral 
particles ln ecotropic envelops. After initial infection these viruses are no longer 
infect ious and are replication deficient. Prior to, during, and post infection. these bone 
marrow progenitors may be cultured in the presence of recombinant murine growth 
factors including interleukin-3 {IL·3}, interleukin-6 (IL -6 }, and s1em cell factor {SCF) to 
stimulate their proliferation (In-vitro procedures only). The Infected bone marrow 
progenitor cells ( 1 x 106 cells/mouse) along with 5 x 105 supporting bone marrow cells 
from un-irradiated B6-L Y5.2/NCr mice resuspended in PBS in a volume of 200 ul wm be 
itntroduced into each recipient by tail vein injection. Following transfer of the 
hematopoietlc cells mice will be monitored for possible bone marrow engraftment failure 
and leukemia development and euthanized if necessary as described in Experiment 1. 
Any recipients found in distress wlll be euthanized immediately. At 1, 2, and 4 month 
after transplantatjon. 200ul of blood may be collected from each transplant recipient by 
retro· orbital bleeding to monitor the engraftment of the transduced cells by flow 
cytometry . 

In order to draw any significant conclusions, fifteen recipient mice will be used in each 
ru:rum. Therefore. we will transplant a tota l of 45 8 6-L Y5.2/Cr recipient mite for 
testing cooperation between Setbp1 ~WT andl<0X4> k45 recipients for 3 groups of 
transduced cells). In addition, S unQirradiated 6 6-L YS.2/Cr mice will be required to 
p rovide supporting bone marrow cells as we plan to accomplish above 
transplantation studies in 5 experiments. each experiment requires one supporting bone 
marrow donor. 
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Each transplant recipient wili be transplanted with 1 x 106 transduced cells, which 
requires 2 C57BL/6 mice to provide sufficient donor cells. Therefore, for a total of 45 
primary transplant recipients as discussed above. a total of· 90 C57BUG mice (45 
r.·etipients )( 2) is. re~1uire~vide sufficient donor eeUs f~r testil'IO cooperation 
between Setbp1-WT an~ 

Same tran5plantation studies wm be carried out separately for testing 
co·cpetatiott between Setbp1-DN andlt0H4> I and similarly a total of 50 86-L YS.2/Cr 
r.ecipient m.ice a.nd 90 C57BUG mice will be required. 

Required animal numbers for Experiment 2: 

Experimental groups 
Strains 

Setbp1-WT 
Total 

15 15 15 
1---Bs_-_L_Y_5,_2_tc_r_l__,_c_a-'t~e !.Q!Y_ e Catego!Y E) I (Categor 50 

'
C578U6 (donors) 90 for 3 groups 

Cate -o C 90 

Stratns 
1-....,,.----E_x_pe..,..r_im_e_n_ta_l ..;:;.g_ro_u....,ps_- -----1 Supporting 

Setbp1-DN l(b)(4l B.M. 
Total 

136-LYS.2/Cr _(Cate1~r e Cate1~ E 15 50 

90 for 3 groups no 
C57BL/6 (donors) Qate92_.f)'. c .,_) __ ~~~-'=---~-='--~<!J~-...d 

V .1.3._ fxpe._r,im~n~ 3; To e><amine 1he requirement forl(bH4l 
gene in Setbp1-1nduced leukemia development. ....._ __________ ___, 

We also found b < 

(b < l suggesting that they may 
cooperate to induce leuk1emia de-..ielopment. In order to test this hypothesis, we would 
like to analyze the effects ofll6H41 Ion the maintenance of feul<emia Induced bv 
eithec Sethg1-WT or setbo1-DN. ro acbjeve tnis goal, we will obtainlt6H41 I 
rnicel1bJr

4
) land breed these mice with Cre-ER mice in 

which Cre expr1ession can be induced b Tarnoxifen treatment. Bone marrow 
progenitors from the offspring lbJC4> will be used to generate Setbp1 and 
Setbp1{DN)-induced leukemia cells in which can be deleted by Tamm:ifen 
treatment afte1r transplantation into secondary recipients. 

A. Generation of myeloid leukemias using bone marrow progenitors from .... f6_l{4_) ____ _, 
mice. 
Age- and sex· matched littermates at 2 to 3 months of age consisting of 2 genotypes, 
(cko/cko.tg/+) and (cko/cko,+/+), will be treated with 5-FU as described in Experiment 2. 

usuHS Form 3ZOO - Revised January 2016 
Previous version$ are ol>~olAI<' 

8 



Bone marrow cells extracted from S;rU treated mice will be infected with replication 
incompetent retroviral vectors carrying Se\bp1 --WT or Setbp1·DN. Since bone marrow 
progenitors from f6>14> lmice are positi\/e for LyS.2, transduoed cells will be 
subsequently transplanted into C57BU6 recipient mice. C57BU6 recipient mice will be 
irradiated and treated with Amoxicillin as described for 86-L Y5.2/Cr mice in Experiment 
2 . For both Setbp1 -WT and Setbp1-DN, three independent (cl<oJcko.tgJ+) leukemias and 
three control (cko/cko. +/+) leukemias will need to be generated for studies in 8 . Due to 
the scarcity of bone marrow progenitor cells, 2 animals of same genotype are needed 
for enerat1ng one leukemia. So the minimum animal number required for ll0l(4

} I 
Cb 4> mice is: 2 donor anima1sl leukemia JC 12 leukemias~ 24. In additiOh,, 4 
un-a rradiated C578Ll6 mice will be required to provide supporting bone marrow 
ceUs as we plan to accomplish above transplantation studies in 4 experiments, each 
e:xperiment requires one supporting bone marrow donor. 

B. Secondary transplantations will be carried out to examine the reQuirement for~for 
the maintenance of leukemia cells. Six independently generated (cko/cko,tg/+) 
leukemias will be transplanted into newly irradiated C57BU6 rnice at a dosage of 1 
x106cel.ls/mouse together w1th 5 x105 supporting bone marrow cells from non-irradiated 
C57BL/6 mice. Each leukemia will be transplanted into 10 recipient mice, which will be 
divided into 2 groups. Starting at 7 days after transplantation, one group will be treated 
with ramoxifen at 200mg/kg body weight in 200ul of corn oil wnile the other with corn oil 
only by 3 intra-peritoneal injections at 2-day intervals. Treated mice will be monitored for 
the development of leukemia as described in Experiment 1 for 3 months. Six 
(cko/cko, +/+) leukemias will also be transplanted and treated similarly to control for 
effects of Tamoxifen treatment. It is expected that mice receiving (cko/cko.tg/+) 
leukemia cells and 'Jehicle as well as mice transplanted with (cko/cko.+/+) leukemia 
cells will develop leukemia with in 2-3 weeks after transplantation. Absence or delayed 
leukemia development in rnic:e receiving {cko/cko,tg/+) leukemia cells and Tamoxifen 
will strongly suggest thaE}s critical for maintenance of leukemia. Therefore, this 
experiment requires a total of 120 CS7BU6 recipients (1 2 leukemias x 10 
recipients/leukemia). 12 additional CS7BU6 mice will be used as donors for 
supportjng bone marrow as each trangplarnation &xperiment requires on,e such 
donor. 

Re uired animal numbers for Ex eriment 3A: 

Experimental groups 
Strains 

Setbp1-WT Setbp1-DN 

r)m 12 12 
Cate9.£!: c 

C578L/6 
6 

E 

f anima numbers or Exoeriment 38: 

Stra ins 
Experimental groups 

Tamoxifen 
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E) 

Supporting 
Total 

8 .M. 

24 

4 
16 (Cate,g_e_ry C 

Supporting 
Total 8 .M. 
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[ C57BU6 (Cat~~ry E) _ I 60 
(Cat~gory E) I (Cate~!ry C) l 132 I 

V .1.4. Ex:p'1irim~nt 4: Conditional knock-in mice will be used to compare the cellular 
and molec\Jlar effects induced cy Setbp 1-'NT and Setbp 1-0N, 

Our previous studies using mouse bone marrow transduction and transplantation 
system showed that Setbp 1-DN ihduced leukemia development with much shorter 
latencies than Setbp1-WT, howe\/er the responsible mechanisms are difficult to study in 
this system due to small number of cells that en. raft in the recr lent mice. To 
circumvent tihls · rroblem, (bl<4> 
(tl 4) 

the presence (}f re recom . inase. er bree 1119 wit x1 -ere mice in w 1c re 
ex rression can be induced by poly(l:C) injections, r>(4) f0><

4
> I 

(b)(4l will be used to study leuk.emia promoting effects induced by Setbp1-'Wf 
and :ON a':fter poly(l:C) injections, 

A. We wm compare. early cellular and molecular effects of Setbp1-WT and Setbp1 ~DN 
activation. Speclflcally, age- and sex-matched littermates consisting of 2 genotypes, 
(ki/+,,tg/+) and (l<i/+, ~/+} , will receive 3 intra-peritoneal injections of poly(l:C} at 2-day 
intervals at 2 to 3 mont.hs of age to induce the expression of Setbp1~WT or Setbp1-0N, 
The injections will be carried out using 28 Gauge x Yt inch needles and 200ul of 
po.ly(t:C) at a concentration of 2 ug/ul diluted in sterile phosphate buffered saline will be 
Injected each time. Injection of poly l:C at this dosage is safe for mice. The injected 
aniimals wi11 be euthanlzed at approximately 1 month after the final injection and tissues 
including hematopoietic tissues such as bone marrow. thymus, and spleen will be used 
for 2 types of experiments including the preparation of RNA. DNA. and protein for gene 
expression: analysis and fluorescence activated eel~ sorting (FACS) 1or analysis of ceu 
number. cell cycle and apoptosis status of hematopoietic stem and progenitor 
populations Each _type of exp~ri~e.nt will n~ed to_ b~ successf~I~ re~eajed 5 times to 
r~aeh eny cor clus1ons. So the mtnimutrt animal number for both_cb)(a I and 

l(bJ<4> imice is: 2 experiment types x 2 genotypes x 5 animals/genotype x 2 
strains = 40. 

B. Another 30 animals of each strain consisting of 2 genotypes, (ki/+ ,tg/+) and (ki/+, +/+) 
will be aged for one year after poly(l:C) injections to test whether leukemias can be 
eventually induced by activation of Setbp1-'NT or Setbp1-DN in these anima~s. Injected 
mioe will ,!Je monitored for signs of leukemia development lncluding rougti coat. 
hstlessness, and hunched posture, Any recipients displaying any combinatiorl oi two or 
more signs of distress above will be euthanized immediately and fresh tissues ineluding 
bone marrow, spleen, thymus, liver. and kidney wrll be collected and examined by flow 
cytometry, tissue culturing and pathology. Any remaining mice 1 year after poly(l:C) 
iniections will be eutnanized 

Re uired animal numbers for Ex~eriment 4A: 
.._ __ s_tr_a1_·ns I Experimental groups 
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1 ~ I ki/+ ,tg/+ ki/+.+/+ 

10 10 20 I I Cale o c Cate o c 
20 ~ ~b)(4) 10 10 

Cate o c Cate o c 

Re uired animal numbers for Ex: enment 48 : 

Strains 
Experimental groups 

Total 
ki/+,tg/+ ki/+,+/+ 

11(6j(a'.j 15 15 30 
Cate· or C Cate or c 

I l(b)<41 15 15 30 
(Categor~ C) . (Cate9or c 

\J .2. Data Ana,ysis: For all molecular experiments. engraftment/contribution of cell 
populations, ceil cycle and apoptosis status, and colony/cell counts will be compared 
across groups using analysis of variance (ANOVA). student's t test. or nonparametric 
tests as appropriate . A sample size of 5 in each group will have 80% power to detect a 
difference of 2 standara deviations between groups using a 2-group t test with a 5%. 
two-sided signiiicance level. 
For ag,ing studies, log-rank tests w ill be used to compare time to development of 
leukemia across groups. When the sample size in each group is 15, a 5% two-sided 
log-rank test for equality of survival curves will have 80% power to detect a difference in 
proportion surviving of at least 54 percentage points {e.g. 99% vs. 45% surviving) 

V.3. Laborato.ry Animals Reguired and Justification : 

V.3.1. Non-animal Alternatives Considered: Tissue culture study was considered, 
however it does not allow identifying and cnaracterizing the effects of mutations within 
the context of the whole animal. In vivo study is extremely important in leukemia 
research as the evoJvement of leukemic cells is not an isolated event and involves 
constant interaction with the host environment wh ich has yet to be replicated in tissue 
culture settings. In addition, hematopoietic cetl lines used in tissue cult1.1re studies are 
different from normal hematopoietic cells in that they have acquired mutatrons that allow 
them to replicate indefinitely in culture, and results from these studies may not apply tai 
normal cells. Computer modeling was considered as well, but the mechanisms 
underlying leukemia development is still largely unl<:nown and there is no system 
available in the leukemia field that can be used to predict target genes involved in the 
transformation of hematopoietic cells. 

V .3.2. Animal Model and Species Justif ication: I have chosen to use mice for my 
studies because they are a genetically welt-characterized mammalian organism that has 
been shown to have a very similar hematopoietic system to that of humans. and more 
and more studies have been carrled out in mice to understand human leukemia 
development and normal hematopotesis 7-g. In addit ion, there are many tools avairable 
in mice but not in other mammalian models to genetically alter the germline and study 

USUHS Form 3206 - Rev1seo January 2016 
Previous versions are ob:iolete 

11 



the consequences of the mutation in normal cells. I also happen to have extensive 
experiences (for the past 13 years) working with mouse hematopoietic system. Lower 
organisms such as Zebrafish and Drosophila were also considered. however both 
species are very different from mammals and do not represent good models for 
studying human hematopoiesis. 

V.3.3. Laboratory Animals 

ALTERNATIVES CONSIDERATIONS: Does the protocol have any provisions that 
would qualify it to be identified as one that Refines, Reduces, or Replaces (3R's) the 
use of animals in relation to other protocols or procedures performed in the past? 

YIN (circle} SECTION V.3.5. 

Exceptions to the Guide for the Care and Use of Laboratory Animals (Please check 
all applicable): 

[ J Use of Paralytics (V.4.1 .2.3.) 
{ 1 Prolonged Restraint (V.4.2.) 
( ) Multiple Major Survival Surgery (V.4.3.6.) 
X Use of Non-pharmaceutical grade chemirals (V.4.4.1.) 
( ) Use of Complete Freund's Adjuvant (V.4.4.3.) 
( ] Death as an endpoint (V.4.5.) 
{ l FoodM/ater Restriction (V.5.1.2. 
[)Single Housing of Social Species 0/.5.1.3) 
{}Restriction of Environmental Enrichment 0/.5.3.2.) 
[ J Drug Use/Controlled Substances (Appendix A) 

IDENTIFICATION OF SPECIES AND STRAIN: In accounting for animal numbers, 
please ensure that the strain of animal as well as the species is identified. If more than 
one strain of any species will be used, please list each proposed strain in a separate 
column. If more than two species/strains are to be used, duplicate Sections V.3.3.1 = 

V.3.4 , and Section V .4.1.1 .1, on subsequent pages to cover all· requested s,ttains. 

V.3.3.1. Genus & Species: 

V.3.3.2. Strain/Stock: 

Species/Strain #1 
Mus. musculus 

C57BU6 

Species/Strain #2 
Mus, musculus 

B6-L Y5.2/Cr 

V 1
16)(4) .3.3.3. SourceNendor: 
'--~~~~~~~~~~~~~---' 

V.J.3.4. Ag&: 

V.3.3.5. Weight: 
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V.3.3.6. S~ex: Female 

V.3.3.7. Special Considerations; NIA 

V.3.4. Number of AnimafsJ~egulred Ltiy 
Species/Strain): 

328 mice 

V.3.3.1. Genus & Species: 
Species/Strain #-3 

Mus. musculus 

V .3.3.2. Strain/Stock: 

V.3.3.3. SourceNondor: In-house 

V.3.3.4. Age: 6-12 weeks 

V.3.3.5. Weight: 20-259 

V.3.3.6 . S_ex: Female 

V.3.3.7. Seecial Considerations: NIA 

V.'3.4. Number of Animals Required (by 
~pecies/Sttain }: 

24 mice 

SpeciesfStrain #5 
V.3.3.1 . Genus & Species: Mus. musculus 

V.3.3.2. Stra in/Stock: l<bX4> 

V.3.3.3. Source/Vendor: In-house 

V.3.:3.4. Ag~: 6-12 weeks 

v .3.3.5. Weight: 20-25g 

V.3.3.6. Se:x: Female 

V.3.3.7. SJ!eoial Considerations: NIA 

V.3.4. Number of Animals R.equir_ed (by 
Species/Strain): 

V.3.5. Refine111ent1 Reduction. Reglacement (3 Rs) : 
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V .3.5.1. Refinement: All animals on this protocol will be provided with routine 
environmental enrichment in accordance with U\M SOPs and IACUC Policies. 
Examples include nestlets and tunnels. Animals observed to be ill or showing signs of 
pain or distress including weight loss, hunched posture, ruffled fur, and decreased 
activity will be evaluated by veterinary staff to be treated or be euthanized immediately 
for relief of suffering. Anesthesia will be used for retro-orbital bleeding. 

V.3.5.2. Reduction: In order to reduce the animal numbers in this study, experiments 
have been designed to include tissue sharing among different experimental procedures 
including DNA, RNA, and protein extractions, and also animal sharing for purification of 
different hematopoietic progenitor populations. The estimated number of animals for 
proposed studies have been computed by power analysis to ensure that the smallest 
numbers of animals required to evaluate the hypotheses are being used. 

V .3.5.3. Replacement: Tissue culture and computer models were considered but not 
adopted. Detailed explanations are provided in V.3.1 . 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1 .1. APHIS Form 7023 Information: 

V .4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1 .1.1.3. Column E: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species/Strain #1 

196 

132 (for receiving 
irradiation) 

Species/Strain #3 

24 

Species/Strain #5 

50 

V .4.1.2. Pain Relief I Prevention: 
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150 (for receiving 
irradiation) 

Species/Strain #4 

50 
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V .4.1.2.1. Anesthesia/Analgesia/Tranquilization: For retro-orbital bleeding, 3.5-4% 
lsoflurane will be applied before the procedure through induction chamber of an 
anesthesia machine at LAM until animals are fully anesthetized Uudging by lack of 
movement and decrease in respiratory rate to about once every 4 seconds and a 
negative pedal withdrawal reflex). 

V.4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: NIA 

V .4.1.2.3. Paralytics: N/A 

V .4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1. Sources Searched: AWIC and Altweb 

V.4.1.3.2. Date of Search: 3/30/2016 

V.4.1.3.3. Period of Search: NIA 

V.4.1.3.4. Key Words of Search: "Irradiation" in combination with "mouse bone 
marrow transplantation" was used as key words. 

V.4.1.3.5. Results of Search: No relevant matches were returned in both databases. 

V .4.1.4. Unalleviated Painful or Distressful Procedure Justification: Whole body 
irradiation of recipient mice is essential for successful mouse bone marrow 
transplantation as it is the only way to efficiently deplete host bone marrow stem cells 
and to greatly increase donor cell engraftment in mice. 

V.4.2. Prolonged Restraint: NIA 

V .4.3. Surgery: 

V .4.3.1. Pre-surgical Provisions: N/A 

V.4.3.2. Procedure: NIA 

V .4.3.3. Post-surgical Provisions: N/A 

V .4.3.4. Location: NIA 

V.4.3.S. Surgeon: N/A 

V.4.3.6. Multiple Major Survival Operative Procedures; 

V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: N/A 
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V.4.4. Animal Manipulations: 

V.4.4.1. Injections: 28 Gauge x Y2 inch needles will be used for all injections. 

Some mice as specified the experimental design and general procedures section will 
receive one time intra-peritoneal injection of 5-FU (15 mg/ml) resuspended in phosphate 
buffered saline (PBS) at a dosage of 150 mg/kg body weight in 200ul volume as 
described in Experiment section. 5-FU treatment of mice at this dosage is toxic to 
proliferating cells in the hematopoietic system representing more mature progenitors, 
but is not expected to cause animal suffering and death. 

Some mice will receive 3 intra-peritoneal injections of Tamoxifen at 200mg/kg body 
weight at 2-day intervals dissolved in corn oil or corn oil only at 200ul volume per animal 
each time. Injection of Tamoxifen at this dosage is safe for mice. 

Some mice will receive 3 intra-peritoneal injections of poly(l:C) at 2-day intervals at 2 to 
3 months of age to induce the expression of Setbp1-WT or Setbp1-DN. 200ul of 
poly(l:C) at a concentration of 2 ug/ul diluted in sterile phosphate buffered saline will be 
injected each time. Injection of poly l:C at this dosage is safe for mice. 

Transplantation of bone marrow or spleen cells will be carried out by one time tail vein 
injections of cells resuspended in 200ul of PBS. Since transplanted cells are from mice 
congenic to the recipients, no immune rejection is expected after transplantation. 
Injection of hematopoietic cells through the tail vein is not known to cause any toxic 
effects to mice. All cells for injection will be obtained from mice housed in USU colony. 
Injection of all biological materials will be in accord with USU IACUC Policy #23 on the 
use of biological materials in experimental animals. 

V.4.4.2. Biosamples: Retro-orbital bleeding is chosen for the protocol based on the 
blood sample size required for our study and available in-house expertise. Given the 
relatively large sample size (200 ul of blood from each animal each time) that is needed 
for our study to perform FACS analysis, 2 other blood collection procedures including 
from the saphenous vein and jugular vein were considered as suitable alternatives. 
Saphenous bleeding is the only procedure that is less painful than retro-orbital bleeding 
and does not require anesthesia. However, this procedure requires extensive 
experience and has not been performed on mice by staff in my laboratory. In contrast, 
retro-orbital bleeding has been routinely carried out by staff in my laboratory under 
previously approved protocols and will be done under isoflurane anesthesia. 
In this protocol, 200ul blood will be obtained each time by retro-orbital bleeding at 1 and 
4 month after transplantation for certain animals as described in Experiment 1A. Using 
the same procedure, same volume of bleeds will also be obtained 3 times after 
transplantation as described in Experiment 2. IACUC policy on retro-orbital bleeding 
(POLICY 001 ) will be strictly followed when performing this procedure. Mice will be 
anesthetized with lsoflurane. When the animal is no longer moving voluntarily it is 
placed on a paper towel. The forefinger of the operator's non-dominant hand is used to 
pull the facial skin taut and cause the eyes to protrude slightly while the skin at the back 
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of the neck is grasped by the thumb and remaining fingers to restrain. Breathing and 
color are monitored throughout the procedure to ensure that the restraint does not 
compromise the airway. The tip of a capillary tube is gently inserted below the eye. at 
approximately a 45 degree angle into the spaee between the globe and the lower e)'elid. 
When the tip of the pipette contacts tile boney floor of the orbit it is gently twisted 
between thumb and forefinger to rupture the capillary plexus/sinus. Blood is allowed to 
flow by capillary action into the pipette. Care is takeh not to take any more blood than is 
needed. At the conclusion of the blood withdrawal tension on the animal is released and 
a gauze pad is gently pressed over the eye for a few seconds until the bleeding has 
stopped. A drop of tetracaine is added in the eye to reduce any post-procedural 
discomfort that may occur. Normal color and respiration are reconfirmed and the animal 
is returned to its cage for recovery. Alternate eyes a re used for successive bleeds. A 
maximum of two bleeds per eye will be done. In addition. hetnatopoietic tissues 
Jncluding bone marrow, spleen, thymus, lymph nodes and con1rol tissue brain, lung, and 
kidney will be extracted after euthanasia. 

V.4.4.3. AdjU'li[its: NIA 

V.4.4.4. Monoclona• Antibody {MAbs) Production: NIA 

V.4.4.5. Animal ldentifieati()n: Cage cards will be used to distinguish different study 
groups. 

V.4.4.6. Behavioral Studies: NIA 

V.4.4.7. Other Procedures: 
Oral wwage through 20 Gauge x1.5 inch gavage needles will be used to administer 

mice wit (b)(4) I at 20 mg/kg of body weight (in 200ul 50%PEG400/50%adH20) 
once every 2 days for 22 days (total 10 doses). This dosage ofl(6X4) !when used in 
mice was shown to be safe and not to cause any significant side effects 6. 

Recipient B6~L Y5.2/Cr or C57BLl6 mice will be irrradiated on fhe day of 
transfJ)

0
ntat'f n .with 1.100 rads of total bod~ irra~iation from a 137Cs source. 10.cate? at 

room ( l Mice will be transported and irradiated at room temperature m 1rrad1ator 
dis1ks (purchased from Braintree Scientific) that maintain a filter protected sterile 
environment and hold up to 20 mice at each time. The entire process will last no more 
than 30 minutes and during which time no food or water will be provided for the animals. 
Hematopoietic cells resuspended in PBS in a 'Volume of 200 ul will be in1roduced by tail 
vein 1injection. The dose of irradiation used is expected to be lethal within 10 days in the 
absence of bone marrow reconstitution by transplanted cells. Successful recolonization 
of the recipient bone marrow in transplanted animals results in restoration of constitutive 
hematopoiesis over the normal life span of the recipient. Past experience has shown 
that lethally irradiated mice can suffer from infection. To prevent infection. an recipient 
mice will receive amcxicillin at a concentration of 1 rng/rnl in the drinking water from 5 
days prtor to irradiation to 10 days post irradiation. and sterile feed and autoclaved 
caging will be provided. Although occurring rarely, engraftment failure of the 
transplanted cells will also lead to recipient death between 7 and 10 days after injection. 
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Therefore, to prevent any potential suffering during this critical period of time, recipient 
mice will be monitored twice daily by Pl staff between 7 and 10 days after 
transplantation for signs of distress including rough coat, listlessness, or hunched 
posture. Any transplant recipients showing such signs will be euthanized immediately. 
Leukemia development and progression is a slow process; therefore, for the time 
periods before day 7 and after day 1 O post transplantation, transplant recipient mice will 
be monitored once daily by Pl staff during week days and by LAM personnel during 
weekends and holidays for signs of leukemia development, which are similar to the 
above-described signs of engraftment failure. Any recipients displaying any combination 
of two or more signs of distress above will be euthanized immediately by Pl staff. 

V.4.4.8. Tissue Sharing: Tissues may be shared with other investigators upon 
request. 

V .4.5. Study Endpoint: The study endpoint for transplant donor mice is between 6 to 
12 weeks of age. The study endpoint for transplant recipient mice is between 4 to 15 
months of age as specified in the experimental design and general procedures section. 
Animals could be euthanized earlier due to engraftment failure of transplanted 
hematopoietic cells after irradiation or leukemia development. Although occurring 
rarely, engraftment failure of the transplanted cells will lead to recipient death between 7 
and 10 days after injection. Therefore, to prevent any potential suffering during this 
critical period of time, recipient mice will be monitored twice daily by Pl staff between 7 
and 10 days after transplantation for signs of distress including rough coat, listlessness, 
or hunched posture. Any transplant recipients showing any combination of two or more 
signs of distress above will be euthanized immediately. Leukemia development and 
progression is a slow process; therefore, for the time periods after day 10 post 
transplantation, transplant recipient mice will be monitored once daily by Pl staff during 
week days and by LAM personnel during weekends and holidays for signs of leukemia 
development, which are similar to the above-described signs of engraftment failure. Any 
recipients displaying any combination of two or more signs of distress above will be 
euthanized immediately by Pl staff. 

V.4.6. Euthanasia: Animals under this protocol will be euthanized by research 
personnel. Mice will be euthanized using cylinderized C02. These animals will be 
placed in a cage or chamber that is not crowded and exposed to a mix of C02 and 
oxygen. The C02 flow rate will displace at least 20% of the chamber volume per 
minute. Flow will continue for at least one minute after visible sign of death. C02 
euthanasia will be followed by cervical dislocation to ensure death. This is consistent 
with the 2013 AVMA Guidelines for the Euthanasia of Animals. 

V.5. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below. routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 
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V.5.1.1. StUd¥ Room: 

Bui lding(s) ~---....... - - 1
(6)(6) 

Room Number(s)._ _______ __, 

V .5.1.2. SpeGial Husbandry Provisions: 

No x f ood Restriction: Yes -----
Fluid Restriction: Yes No x 

V.5.1.3. !xceptions: NIA 

V.S.2. 'lleterin:uy Medicai Ca re: 

V.5.2.1. Routine Veterinary Medical Care: LAM animal care t.echnicians will 
observe all animals at least once daily during rounds. The clinical veterinariat'l will check 
the rounds sheets daily and evaluate overall animal health IAW LAM. Bone marrow 
transp1lant recipient mice will be monitored twice da~ly by Pl staff between 7 and 10 days 
after transplantation. For the time periods before day 7 and after day 10 post 
transp,lantation. transplant recipient mice will be monitored once daily by Pl staff during 
week days. 

V.S.2.2. Emergency Veterinary Medical Care: All emergency, weekend, and holiday 
care is p rovided by two animal husbandry technicians. one or more veterinary 
technicians, and an on~call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V .5.3. Environmental Enrichment: 

V.5.3. 1. Enrichment Strateg'l: Except as indicated below. all animals on this, 
protocol will be provided with routine environmental enrichment ln accordance wi,th LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rod'ents. 

V.S.3.2. En,rklhm~nt Re_strictions: NIA 

VI. STUOV PERSONNEL ClUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol activity 
or procedure 
(e.g .. tail vein 

iniect ons. 
euthanasia 

C02 
euthanasia, 
intra
peritoneal 
injection 

Name of person 
performing 

actlvi 
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E'lCpenence of -- I -D-at-e~s -of-lh_e_U_S~U~ 
person performing Specific training in Investigator 
activity (species thtS activity or Training course and 
speafic) (e.g.. procedure (e g., required JACUC 

research technician, rodent handhng CtTI Training 
2 rs e)( erience class. 1999 

Pl. 15 years of Rodent 
experience on Handling 
mouse C02 Training at NCI, 
euthanasia and 2001 
intra-peritoneal 
in'ection 

Investigator 
training course 
at USUHS 
(2007) 
CITI training 
7122/2014) 
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f ail v,ein (0)\0/ Technician; a 
injection, C02 years of 
euthanasia experience on 

mouse tail vein 
injection and 
C02 euthanasia 

Co2 Technician, 8 
Euthanasia. years of 
intra- experience on 
periitoneal mouse C02 
injection euthanasia and 

i ntra;peritoneal 
iniection 

Oral gavage. 1 year of 
Retr,o-orblta I experience on 
bleeding. mouse oral 
C02 gavage, 5 years 
euthanasia experience on 

retrcH:>rbital 
cleedh1g and 
C02 euthanasia 

Retro-orbita~ 5 years of 
bleeding, experience on 
C02 mouse retro-
euthanasia orbital bleeding 

and C02 
euthanasia 

Retro-orol~aij 5 years of 
bleeding, experience on 
C02 mouse retro-
euthanasia orbital bleeding 

and C02 
euthanasia 

t 

Retro-orbital 13 years of 
bleedin.g. experience 
C02 I mouse retro-
euthanasi<i orbital bleeding 

and C02 
euthanasia 

VII. BIOHAZARDS/SAFETY: 

A. Zoonotic Oisea.s,e: NIA 
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Rodent Investigator 
Handling training course' 
Training by Pl, at USUHS 
2007 (2007) 

CITI training 
(9/30/2014) 

Rodent Investigator 
Handling course training course 
at USUHS, at USUHS 
2007 (2007) 

CITI training 
I (6/27/2014) 

Rodent I nvestigatot 
Handling course training course 
at USUHS. I at ~USUHS 
2011 (2011) 

CITI training 
(7/1/2015) 

Rodent Investigator 
Handling course training course 
at USUHS, at USUHS 
2011 (2011) 

CIT! training 
1111512014) 

J Rodent Investigator 
Handling course training course, 
at USUHS, at USUHS 
2010 (2010) 

CITI training 
,712012015) 

Rodent lnvestigato.r 
Handling course training course I 

at USUHS. at USUHS 
2012 (2012) 

CITI tra ining 
J 712f2014) 
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B. Safety Hazards: Replication defective ecotropic retrovlral vectors will be 
used to infect mouse bone marrow cells before transplantation of the 
infected cells into recipient mice. These viruses will be cr>llected from 
culture medium of cell lines designed to package viral Particles in 
ecotropic envelops. After initial infection these vectors are no longer 
infectious and are rep\ica1ion deficient. There is no evidence in the 
literature that humans can be infected by ecotropic retroviruses. Any 
perso_ n handling these.retroviral v~ctors.~iU be~r · · '. we~rl~b.coat 
and gloves as precaution. 5-FU, Tamox1fen, and re 1nh1b1tors of 
Thym\dine Synthase, Estrogen Receptor, and { respectively. 
They do not evaporate at room temperature, but are potentially harmful1 if 
ingested. Lab coa1 gloves, and mask are required when preparing the 
solutions and carrying out animal injection and oral gavage using these 
substances. Lab coat, gloves. and mask are also required at any time 
when handling animals to minimize exposure to allergens from animals. 
For animal irradiation, mice wm be transported and irradiated in irradiator 
d'isks (purchased from Braintree Scientific) that maintain a fi lter protectedl 
s1erile environment. Personnel performing Irradiation wilt 'be required to 
wear lab coat and gloves and carry a thermoluminescent dosimeter issu:ed 
by Radiation Safety Office for monitoring potential radiation exposure 
during the procedure. 

C. lsoflurane~ lsoflurane will be used for retro-orbital bleeding. 
D. lsoflurarH~ Exposure: To reduce is<:murane exposure, an isoflurane 

'Vaporizer with pass-1hrough charcoal canister filter in the exhaust gas line 
will be used to anesthetize mice for retro-orbital bleeding. 

E. Sharp lnstrumants; Needle$ will not be re-capped and will be disposed in 
sharp containers after usage, 

F. Infectious Agents that do not caus.e Zoonoses: NIA 
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IX. EXTRAMUAL COLLABORATION: NIA 
If there are any collaborations with outside entities. please explain here 

X. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A . Animal Use: The animals authorized for use in this protocol will be used only m 
the activities and in the manner described herein. unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplicahon of pre\/ious e)(periments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
•minimum number of animals needed for scientific valid ity are used.'' 

0 . Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues. and so forth. in the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Trainin Course. 

tr-16 I :!.D/ t 
Date 

G. Training: The following personnel will attend ttie next USUHS 
Investigator/Animal User Tra ining Course: 

H. Respons ibility: I acknowledge the inherent moral. ethical and adm1mstrat1ve 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with th1S project will demonstrate a concern for the health, 
comfort, welfare. and well-being of the research animals Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
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"Responsibility" for implementing animal use alternatives where feasible and conducting 

humane a~J:u!Jl:::ca:: r::::~:nalu•e L Dattl~/;.Jb 
I. Painful Procedure(s): 

I am conducting biomedlcal experiments which may poten1ially cause more than 
momentary of slight pain or distress tc anfmals This potentiat pain and/or d istress 
~WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 

l7ar(quilizer . I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol. I have determined that alternatiive 
procedures ate not available to accomplish the objectives of this proposed experiment. 

r™ I "nclpal 1ovest1gato• SigMatu" 
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XI. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: Role of Setbp1 in leukemia-rmtiating cell self-renewal in 
mice 

C. Principal lnvestigator: l ... 16_><
5
_> ___ pepartment of Pediatrics 

D. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: WRNMMC 

F. Objective and Approach: The objectives of this study are to gain novel insights 
into the cellular and molecular mechanisms by which Setbp1 overexpression and 
missense mutations induce leukemia development, and also to test new therapeutic 
strategies for SETBP1 -induced leukemias based on these insights through the use of 
mouse models. The three R's (reduction. replacement. and refinement) of animal usage 
will be employed. 

G. Indexing Terms (Descriptors): Animals. mice, Setbp1, and leukemia 

USUHS Form 3206 - Revised January 2016 
Previous versions are obsolete 

25 



APPENDIX A. 

Pl NAME:.IL..'6_><
5_I __ ,_, 

PROTCOL NUMBER: 
DRUGS AND CONTROLLED SUBSTANCES 

Please list ALL drugs and controlled substances that will be used under this 
protocol. indicating the OEA Schedule if known. Pro-vide both the Approved 
Name and the Proprietary Name of eactl drug if known. 

This list, once approved, will be used by the IACUC and the USU Pharmacy 1o 
determine wnlcn drugs and controlled substances cati be supplied to the 
Principal Investigator. The Pharmacy will not dispense to the Pl any drug that is 
not included in this list. 

Drug Name 
(Please give both approved and 
Proprietary Names if possible} 

1.5-fluorouracil (5-FU) 
2. Tamoxifen 
3.1(0)(4) 

Date of Protocol Expiration Date: 
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(if known) 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
"4301 JONES BRIDGE ROAD 

BEJHUOA, MARYL.ANO 208f ...C712 
http://www. usuha.mll 

Jamwy 9-, 2013 

MEMORANDUMFORDRJ~(b_H6_> __________________________ ___. 
. .... . ,.. . ~· ... , .. . - ... ' . .. -··- ...... ... ·- ··-.,.-... ..,, .. ___ ......... , __ .. _ . .,. .. 

SUBJECT: !ACUC Approval of Protocol - Initial Review 

The following application wu reviewed and approved by the Unifonned Sc.Mees 
University or the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
(JACUC) via Designated Member Review on January 9, 2013: 

Animal PrOWC<>l Title: "Sit.in Cancer Biomarkets for Exposure tdl,;,,{b;....)(;....4;....) _ _,Ponlzing .Radiation 
(MiJ.s Muscurwr 

UStJHS Pr2tocol Number: ._l<b_><6_> __ ___. 

Expiration Date: Janwuy 8. 2<)16 

SupportiDi Qrapt(s) Nwnbcr: .... l<b_H_S> ___ _, 

Name of Prine,islJn::tcltiga_tor. Dr .... l(b_)(_s ) __ ____, 

The USUHS has an Animal Welfare AsSUJ'IJl« on file with the Office for Laboratory 
Animal Welfare (OLA W). National institutes of Health (NlH). The Assurance Nilmber is 

l (b)(6) ]The IA.CUC approved the above referenced application as submitted 

An annual review is required for each of the thn:e )'Cats of this protocol. This review 
m~t be completed by the anniversary date otthe protocol. If wort is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol Although the IACUC may Stmd reminders. it is the 
investisator•s rcsporuiibility to submit an annual review fom (Form 3206A) at lea.st 30 days in 
advance. or a new Form 3206 for ttieMial review at least 60 days in advance of expiration. 

Prior to placing your fim animal order, please contact MAJ 1(6)(6) I to schedule a 
pre-protocol planning m~tingj{b)(6) !This meeting must OO::W' to ensure animal numbers 
are loaded in the CART system and LAM resowu:s arc available to meet yow need!. 

{b )(6) 

l{b)(S) IPh.D. 
Chair, Institutional Animal 

Care and Use Committee, USUHS 
cc: 
Offiu of Research 

Learning to Care for Those in Harm's W11y 

Doc80 



USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 

IACUC Oat& Stamp 

PROTOCOL NUMBER: 
PROTOCOL COVER srim- I 
PR?~OCOL TITLE: Skin cancer biomarkers for exposure tol (bH4> 
radiation (Mus muscu/us) 

lionizing 

GRANT TITLE (if d ifferent from above}: 

USUHS PROJECT NUMBER: l(b)(6) I 
FUNDING AGENCY: US Military Cancer Institute 

EARLIEST ANTICIPATED FUNDING START DATE: November 15, 2012 

_AJ_0_8_:_ l(b )(S) I Ph.D. 
l<b)(6) 11112/2012 

ature Department Office/lab Telephone Date 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific 
review and is consistent with good scientific research practice. 

l
(b )(6) I 
. . Chair l(b)(e ) 

De£niead Sip,riati1re Title ""'r-e1e-p-ho_n_e __ ._ 
lypea Name: ._l(b_l<_6> ____ _, 

tt(/2;{ ~I, 
Date 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 
study. 

(b)(6) 

1----- .... l<b-)(-6) ________ _ 

Department Telephone 

AT NDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedt.rres and 
manipulations that may cause more than slight or momentary pain or distress; even if 
relieved by anesthetics or analgesics. 

(b)(6) 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR:l ..... (b_)(6_) ___ I Ph.D .• ,._l<b_)(S_) ____ _ 

ANIMAL PROTOCOL TITLE: Skin cancer blomarkers for exposure tclCbl(4) !ionizing 
radiation (Mus muscu/us) 

GRANT TITLE (If different from above): 

USUHS PROJECT NUMBER: .._l<b_1C6_) _ __. 

CO·INVESTIGATQR(Sl~ ..... (b_)(S_) ____ IM.O./Ph.0 ,; Collaborator 

TECHNICIANS(Sl: .... Hb_)(6_) ___ __ 

I. NQN• TECHNICAL SYNOPSIS: 
There Is increase<:! risk to US military personnel for unintentional exposure to radiation; 
either due to a nuclear accident or as the result of terrorist activity. Although significant 
research has been conducted on the effects of high dose radiation, the true risk of 
exposure tol(b)(4) radiation is not well understood. One theory regarding risk from 

l<b)(4) ~adiation exposures is the linear no threshold (LNT) model, Which states that 
any level of radiation exposure can result in health risks. Some data indicate that there 
are significant differences (qualitative and quantitative) between the effects ofl(b)(4) I 
high dose radiation on specific biomoleculatta ets induding DNA. transcription factors, 
and molecules involved in inittation (b)(4) ellular changes leading to the 
generation of cancer in response to (b , amma irradiatioh nave not been well 
defined, and biomarkers to predict t ese c ·anges have not been identified. T~ 
proposed research will develop a murlne model fod(b)(4) radiation-induced skin 
cancer and identifv cutaneous biomarkemb )< 4) 
(b)(4) 

II. BACKGROUND: 

11.1. 
(b)(4) 

(bJ(4) he biochemical 
consequences of radiation exposure are pronounced and include: radiation.induced 
gene expression changes, DNA and protein modifications. and metabotomk: Ii idomic, 
immunomodulato · .• c o enetic and inflammat . mediator chan es (b)(4) 
(b)( 4) 

(b )( 4) Examination of 
transcriptiona responses to (b)(4) diation demonstrated the altered expression of .__.... ........ 
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up to 1.400 genes of which a significant number are correlated with specific cancers. At 
present, however1 much less is known about howj(b)(4) !radiation effectsHb)(4) I 
l<b)(4) leading to cancer development. 

Findings by several laboratories have provided substantial evidence that some (but not 
all) changes that occur at high dose radiationl<b)(4) I For instance, 
unrepaired DNA damage. a$ detected b _mlcronuclei, can be reliably observed in murine 
skin but only following a b 4 irradiation. Changes in gene 
expression can be detected after exposure of (b)(4) but it is unknown 
whether theJG ~f rly chang~s in gene expression lead to malignant transformation in 
response to l !radiation. 

Mitochondrial dysfunction caused by ionizing radiation is thought to be an under1ying 
mechanism driving protein oxidation, where the increased production of reactive oxygen 
species (ROS) occurs due to a disruption in the electron transport chain. The resulting 
rise in ROS catalyzes tne modification of cellular proteins. Covalent modifications are 
hallmark·s of O)tidative stress and are well recognized for their contribution to resulting 
pathologies. Protein oxidation by oxidative stress and free radical damage, such as that 
induced by radiation, is a hallmark mechanism underlying the pathology of radiation 
injury. Protein modification can be utilized as a sensitive system for the detection of 
radiation-induced cell damage forthe following reasons. First. radiation-induced damage 
of proteins is dose-- and time·dependent and thus renects biologic consequence . Second. 
data from our laboratory and others indicates that damaged can proteins reflect organ
specific injury. Ana third . the scienUfic tools required for analyzing proteins damaged by 
radiation are generally well established. Importantly, these modifications are chemically 
stable, protein specific and easily detected using highly sensitive antibody-based 
procedures. 

(b)(4) 
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(b )( 4) 

11.2. Literature Search for Duplication: 

11.2.1. Littrttyre Source(s) Searched: 
Biomedical Research Database (BRD}NIH RePORTER (replacement database for 
CRISP) http://projectreporler.nih.gov/reporler.cfm 
Pub Med 
11..2.2. Date of Search: November 2, 2012 

11.2.3. Period of Search: all dates searched for each database: for BRO, 1002-2012; for 
RePorter, 1972-2012; for PubMe<I. 1910-2012. ((b)(4) I 
11.2.4. Key Words and Search Stratag.'l: _ionizing radiation, skin, cancer 

11.2.5. Results or Search: 
Results from NIH RePORTER: 

5 grants were found that had the key words. 
1. NIH R01 EBo08713 by J.P, Desai "Robotic haptic feedback &ystem for 8X/RFA of breast 

tumor under MRI" .. This grant investigates the use of radiofrequency ablation (RFA) for 
early stage breast cancer. The grant also proposes the use of MRI instead of CT scans 
for localizing breast tumors to avoid exposure of oatients to ionizing radiation. 

2. (b)(4) 

3. NIH Z1A CP01033 by M.S. Linet "Studies of poplJations exposed to occupational sources 
of radiation". This grant proposes to examine cancer incidence and mortality among US 
radiologic technologists, In Chornobyt accident survivors and clean-up workers. and fn 
female flight attendants. Skin cancer rates will be examined as results of UV exposures 
No animal studies are proposed. 

4. R21 CA 161670 by K.Sheng "A mechanistic model to derive lung tumor motion from the 
whole surface tracking". This project will investigate technological improvements to the 
calculations of clinical radiologic instrumentation to allow the delivery of synchroni:zed 
radiation to tumors, taking into consideration intemal tumor motion. The experiments 
proposed are geared toward tracking lung tumors. 

Results from BRO: No matches 

Results from PubMed: 
There were 271 results from the key words, however, most of these were not related to the 
induction of cancer byl(b)(4) 'onizing radiation. Many manuscripts were related to cancer 
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treatment and not to the induction of cancer in normal cells. A large number of tile manuscripts 
examined UV radiation effects, 

Epidemiolo ical stud.les of ex 
1) (b)(4) 

2) 

3) 

4) 

5) 

6) 

In vivo -• .. .a1
--· 

1) (b)(4) 

2) 

3) 

Non-in vivo model systems for examining ionizing radiation effects 
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1) (b )( 4) 

2) 

3) 

4) 

5) 

6) 

1) 
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(b )( 4) 

S) 

llf. OBJECTIVE\HYPO 
(b)(4) 

IV. MILITARY RELEVANCE: 
The Department of Defense is prepared to execute military missions within radiation 
environments, to manage radiation crises associated with terrorist activities, and to 
manage consequences in the event of nuclear weapons detonation. Recent studies. 
indicate that there is an increasing risk of exposure to ioniZing radiation (IR) to military 
personnel due to increasing terrorist activities; including potential use ot stolen nuclear 
weaoons or djs~ersal of radioactive material in a "dirty bomb"l(b)(4) I 

((b)(4> Because of potential exposure of mll!tary personnel to radiation, the 
DoD is committed to protecf members ~f the Armed Services from the adverse health 
effects of ionizing radiationJbH4> 1R causes short term. acute injuries including 
hematopoetic and GI syndromes. Howeve~(b)(4) tR (as may result 
from a radiation dispersal device) can cause cancer including skin cancer. 

V. MATERIALS AND METHODS: 

V.1. Experimental Dtslgn and General Procedur1s: 
The threshold dose of radiation for induction of skin cancers is not known. 
V.1.1. Experiment 1: Determination of the threshold doses and time courses of gamma 
rad· · ~ h i ction of skin cancer in a susce tible murine model. 

(b)(4) 
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Non-irradiated l(b)(4) Jnice =l(b)(4) ~ice 
(b)(4) ... --·-Onimalstrrroup) x (4 radiation doses) x (1 time point} =l<b)(4) ~Ice 

Control (nonirradiated)l(b){4 ) hlice ~(b)(4) mice 
(b)(4) ........ I hnimalslgroup) x (1 radiation doses) x (1 time point) ~(b)(4) mice 

(b)(4) Er.Kf.Point ... Anlma1s.will t 1e eutllanized ·11Qoonths postirradiation. At earlier time points, 
mice will be euthanized if skin tumors (or any other tumors resulting from radiation 
exposure} are equal to 20 mm in diameter, or if multiple tumors appear that together 
equal 20 mm diameter. This is the recommended maximal tumor size for mice according 
to NCI Frederick ACUC Guidelines Involving Experimental Neoplasia Proposals in Mice 
and Rats, 2006. 

V.1.2. Experiment 2: Identification of skin proteins that undergo carbonylation and the 
formation of h drox nonenaf HNE adducts and the ex ression of speclfec markers for 

(b )( 4) gamma radiation in a 
munne m 

(b )( 4) 

Prelimina findin s in our laboratory indicate that N =Dis· sufficient.for the detection.of... .... j~}\~.L. 
(b)(4) and signal transduction pathway activation in resp0nse 
to ra iation • .tOLt aslH1xoo.rim.e11ts_,J10:tb_m.ale~andJ.1tm.a.l.e_mk;.e__can_oo_utilize!i._Al.s_o., 
each animal will provide its own control tissue outside of the field of radiation. 

l(b)(4) ~ice 
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(b)(4) 

(b)(4) 

(b)(4) 

Dnimals/group) x (4 radiation doses} x (5 time points) ~._(b_H4_) __ lmice 

(b)(4) ice 

nimals/group) x (1 radiation doses) x (5 time point) = ... l(b_H_4> __ _.~1ce 

Study endpoints: Animals will be euthanized atl(b)(4) ~ays 
postlrradiation. At eartier time points, mice will be euthanized if skin tumors (or any other 
tumors resulting from radiation exposure) are equal to 20 mm in diameter, ot If multiple 
tumors appear that together equal 20 mm diameter. This Is the recommended maximal 
tumor size for rnice according to NCI Frederick ACUC Guidelines Involving Experimental 
Neoplasia Proposals in Mice and Rats, 2006. 

V.2. Data Analysis: 
Mean with standard error, or percentage will be reported if applicable. A significance 

level is set at 5% for each test. All statistital tests are two-sided. A statistical software, 
SAS will be used for statiStical analyses. 
Experiment 1: Log-Rank test will be used for comparison among groups. If significant, 
Fisher's exact test will be used to detect significant differences across the groups in;.;,..,.,. .............. 
tumor development rates atOmonths. Kaplan-Meier curves will be displayed. N :j(b)(4) 
mice per group will have 80% power in detecting a signifteant difference between two 
groups if any, given type I error of 5% where the treatment group survival rate is at least 
68%, compared to a control group survival rate of 20%. Similar statements would apply, 
if the treatment group survival rates are at least 83%, 78%. or 73%. compared to vehide 
group survival rates of 35%, 30°~. and 25%, respectivelyl(b)(4) I 
Experiment 2: Analysis of variance (ANOVA) will be used to detect significant difference 
among the groups. If significant, then the pair-wise comparison by Tukey-Kramer will be 
used to identify whieh group is different from the other. For experiment 2, N =IJmioo per..._(~)_(~)_ 
group could have 80% power to detect any significant difference between groups if any, 
given type I error of 5% and detta/sigma has at least 1.4, where the delta is the 
estimated mean differences between the two groups and sigma Is the pooled standard 
deviation of the two groups .... l(b_)(_4) ____ _.J 

V.3. Labontory Animals Required and Justification: 

V.3.1. ti2ttanlmal Alternatives Consjdered: 
For the la~i 4 years, we have utilized primary cell culture systems to examine radiation 
effects on eells; however, we must determine whether our culture findings are relevant in 
whole animals. We will continue to use primary cell culture whenever possible to avoid 
unnecessary use of animals. We have also considered computer models as alternatives 
to animals. However. this alternative also lacks the l<nO'Medge base and complexity 
needed to evaluate radiation-induced cancer risks. 
V .3.2. Animal Model and SP!cles Justlftcatlon: 
Tissue culture conditions cannot fuly substitute for the oomplexltles of Yklole organisms 
in response to radiation Injury. Such injury Involves the Interactions between the 
hematopoietic system and other organ sy.stems. In order to develop vtable treatments 
for humans, we find that our research must be conducted in 'Whole animals. 
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The mouse a.s the best species to use for radiation protocol.s: 1) mic-e provide the least 
sentient species available whose response to radiation has been clearly identified, with 
physiological responses to radiation and cancer development that are similar to human 
physiology. 2) extensive literature is available on responses of mice to radiation and 
cancer. 3) more raa.9ents are available to study the relevant cell types and molecules in 
mice than in any other species except humans, and the availability of transgenic and 
knockout mice make this model extremely attractive for further research into molecular 
mechanisms, and 4) our research group have extensive experience With radiation effeets 
in mice, including radiation injury and radloprotectlon research. 

V .3.3. Laborato!:)! Animals 

V.3.3.1. Ganus & Soecles: 

V.3.3.2. Strain/Stock: 

V.3,3.3, SourceNendor: 

V.3.3.4. Age: 

Species #1 
fJus musculus 

r (4J 

8-12 weeks 

SRecies#2 
Mus musculus 

8-12 weeks 

V.3.3.5. Weight: Normal adult weight range 
for tl\is strain; 17·21 g 

Normal adult weight range 
for this strain; 17·21 g 

V,3.3.6. Sex: l(b)(4) 

V.3.3.7. SQ!clal Considerations: None 

V.3.4. Number of Animals Required (by Species): mice 

V.3.5. Refinement. Reduction, Replacement (3 Rs): 

V.3.5.1. Refinement: 
Animals demonstrating morbidity due to radiation exposurel_(b_)(_4) _______ _ 
wlll be considered to have arrived at the study endpoint and will be immediately 
euthanized (See sections V.4.5 Study Endpoint and V.4.6 Euthanasia). 

Ketamine/xylazine anesthesia will be used during X·ray irradiation to prevent stress from 
the time the mice are placed in restraint. Under the supervision of AFFRI veterinary staff, 
we found that in female mice, "'12 weeks old, i.p. injection of 150 mg/kg ketamine olue 
18 m · k x azine results in 60-80 min anesthesia with no morbidity or mortallty'+l,b_,,,}{.._4,_) _ __, 

(b)(4) EJ propose to use this range of concentration of anesthetics. together with 
a heatlng pad to keep mice warm during the period of recovery from anesthesia. 
Standard intraperitoneal injection methods are used for injection of the anesthesia. for 
which all laboratory personnel have rec.eived training. 

V.3.5.2. Reduction: 
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Whenever possible, control groups will be shared between experimental groups for our 
experiments. Tissues will be collected for multiple assays from the same animals further 
reducing the total number of animals needed. At every stage of the research, planned 
experiments will be reevaluated, in an attempt to reduce the numbers of experiments 
and eliminate repeats of experiments where statistical significance has already been 
obtained. 

V.3.5.3. Replacement: 
At this time, it is not feasible to use non-animal systems In place of anlmal models to 
address the research questions in this protocol. 

V.4. Iechnlcal Methods: 

V.4.1. Pain I Distress A11es1ment 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1 .1.1. Number of Animals: r)(4) I 
{b)( 4) 

V.4.1.1.1.1. Column C: 
V.4.1 .1.1.2. Column D: 

V.4.1.1.1.3. Column E: 
V.4.1.2. Pain Rellaf I Prevention: 

V .4.1.2.1. Anesthesla/Analaesia/Tranquilization: 
Ketamine/xylazlne anesthesia will be used durtng X-ray irradiation to prevent stress from 
the time the mice are placed in restraint. Under the supervision of AFFRI veterinary staff, 
we found that In female mice, ""12 weeks old, i.p. injection of 150 mg/l<g ketamin~ plus 
1 /k lazine results in 60-80 min anesthesia with no morbidity or mortality _~b_l<_4l _ __. 
< H We propose to use this range of concentration of anesthetics, together with 
a ea 1ng pad to keep mice warm during the period of recovery from aoosthesia. 
Standard lntraperitoneal injection methods are used· for injection of the anesthesia, for 
which all laboratory personnel have received training. 

V.4.1.2.2. Prt= and Post-procedural (not surgerv> Provisions: Not applicable 

V.4.1.2.3. Paralvtlcs: Not applicable 

V.4..1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4..1.3.1. Sources Star9htd: 
Sources searched: DoO Bioedical Research Data Base (BRO). CRISP, PubMEO 

V.4.1.3.2. Date of Search: 

USUHS Form 3206- Revised October 2008 
Previous 1191'slons are obsolele 

11 



V.4.1.3.3. Period of Search: 
Search covered published manuscripts from -1965-present. (BRD search included' all 
available years 1998 -2012). 

V.4.1.3.4. Key Words of Search: 
Pain; analgesia, anesthesia, mice. radiation, ionizing radiation. humane 

V.4.1.,.5. Results of Search: 
The literature search revealed that, at present, the:re are no altemative procedures for 
irradiation because its effects cannot be otherwise duplicated. In some cases radiation 
has been demonstrated to reduce pain in laboratory mice (b)(4) 

----------------------and h.as be_en in humans__r_e _o_ru !.d_to alleviate cancer related bone pain (b)(4) 
(b)(4) A recent report showed that admin"'"'1""""s _ra_1~on...,._,o~ 
otu num toxin · was e active · or reduction of ealn and muscle spa$.ms after clinical 

radiation for treatment of tumors l(b )( 4) I Application 
of natural honey 20 min prior to radiation exposure was also shown to reduce mucositis 
wl1h associated pain in humans following head/neck radiotherapyl<bl(4l I 
ICb)(4) 1 it has not been detennined whether honey acts as a local radioprotectant. Spinal 
cord stimulation has also been re orted In humans to alleviate pain resulting from 
radiotherapy (b)(4) however. this method would not be practical for 
use in mice because o the extensive SP-inal cord manipulatiOn required. Human 
admlnls1ratlon of morphine also relieves pain Hb ){ 4) I but again this would 
not be practical for mice in our experimen1s because of side effects of the drug. In 
humans, exposure to total body irradiation may Induce vomiting and diarrhea. causing 
pain and distress. However, mice are not susceptible to vomiting. 

V.4.1.4. Unall•vlal•d Pa_lnful or Distressful Procedure Jystiflcatlon: 
Anesthesia will be used beforel(bl(4l !irradiation to avoid stress from restraint. 
RadilHionl<b)(4) ~sed for these expenm~nts is not expected to induce pain in 
any animals, and most time points will be within 30 days postirradiation1 prior to the 
development of cancers. However, animals that are observed to be in pain will be 
euthaniZed. Pain will be evaruated using several standard Indications includin~r 
grimacing, abnonnal breathing, hunched or fluffed fur and inactivity, or ataxia. In 
experiments where tissue collection is needed, animals Will be euthaniz&d with 
pentobarbi1ol prior to sample collection as described elsewhere. We will utilize the 
attached score sheets to provide a scale for measurement of criteria for euthanasia. Any 
animal scoring 12 or more total on the score sheet will be euthantzed. 

V.4.2. Prolonged Restraint 
l(b)(4) Irradiation will require restraint In designed jigs for -20 min to receive X-ray 
exposure l(b )( 4) I animals will be anesthetized during 
this period (see Anesthesia above) and tail$ will be tap@d to on~ side with surgical tape. 
The jigs for use duringl(b){4) 'rradiation were examined and approved by the AFRRI 
Veterinary staff. An image of the jigs is attached. Under the training protocol at AFRRI in 
conjunction with the AFRRI veterinary staff, we found that In female CBA mice, -12 
weeks old, i.p. injection of 150 mg/kg ketamine plus 18 mg/k x azine results in 60-80 
min anesthesia {25 G needle) with no morbidity or mortality (b)(4) The 
length of time for anesthesia is needed to ensure that animals do not regain 
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consciOu$ness while being positioned in the lea.a shijel<:I for irradiation. Positioning ct the 
mice must be done carefully to ensure that all animals receive the same exposures, We 
propose to use this range of concentration of anesthesia, together with a heating pad to 
keep mice wann during the period of anesthesia. Standard i.p. injection methods are 
used for injection of the anesthesia . 

V .4.3. Surgery: 

V.4.3.1. Pre-sura!cal Provisions: Not applicable 

V . .t.3.2. Procedure: Not al)plicable 

V.4.3.3. Post·surgical Provisions: Not applicable 

V.4.3.4. Location: Not applicable 

V.4.3.5. Surgeon: Not applicable 

V.4.3.8. Multiple Malor Survival Ooeratlve Procedures: Not applicable 

V.4.3.6.1. Procedures: Not applicable 

V.4.3.6.2. Scientific Justification: Not applicable 

V.4.4. Animal Manipulations: 

V.4.4.1 . lnlectlons: 
Intra-peritoneal injections of pentobarbital for euthanasia 0.1-0.2 mVmouse Fatal Plus 
(39-7·8 rng pentobarhital/mouse), Will be performed with a 25 G needle. l.p. injection of 
150 mg/kQ ketamine pk.ls 18 mg/kg xylazine will be done using a 25 G needle. This has 
been extensively examined by the AFRRI Veterinary staff and shown to effectively 
produce non-lethal anesthesia l(b)(4) I 

V.4.4.2. Blosamples: 
Ear punch tissue will be used both for animal identification and for genotyping. Ear 
punches will be performed without anesthesia. 

Sections of skin tissue or skin tumor tissue will be taken in from the backs of euthanized 
mice. All other tissues will be available to other researchers for tissue sharing. 

V.4.4.3. Adluvants: Not applicable 

V.4.4.4. Monoclonal Antibody CMAbs) Production: Not applicable 

V.4.4.5. Animal ld!ntifteation: 
All cages will have cage cards identifying the treatment groups for each experiment. For 
experiments 2 and 3, each animal within a cage will receive ear punches for indMdual 
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identification (1 =no cut; 2; right ear upper comer; 3 = left ear upper comer; 4 =both 
ears). 

V.'1.4.6. Behavioral Studies: Not applitablE) 

V.4.4. 7. Other Procedures: 
Ear punch 
The ear punch will be soaked in alcohol to disinfect i1 before use and between animals. The 
device will be placed on the pinna of 'the ear (external ear) in a location where the mouse 
will be marked for identification, The p1.11ch will be pressed finnly to punch a circular hole 
through the ear, being careful not to rip the delicate membrane of the pinna. The ear will 
then be gently separated 'from the device. The ear punch wlll be cleaned and disinfected in 
alcohol before use in another mouse. 

l(b)(4) !irradiation 
The methodology forlr.:(b~J(l"":'4)~ ...... rradiation of mice including approval of holding jigs and 
development of anesthesia, was developed in conjunc1ion with the AFRRI Veterinary 
Staff. 

l(bJ(4) lrradiation will be performed using the RS2000 irradiator l(b)(S) 
Thirty minutes prior to irradiatloni the RS2000 irradiator and lead s~h~ie-:-ld~w=ill~b-e ____ _. 
decontaminated thoroughly with MB 1 O. 

Mice will be anesthetized by injection in the USUHS LAM facility. Anesthetized mice will 
be placed in ventilated Lucite jigs, which restrain the animals to prevent lateral or vertical 
movement. Tails wm be filped to prevent any fo1Ward motjori of animals. Mice will be 
irradiated ad(t>J(4) rradiation. Following 
radiation exp.osure, mice will be immediately returned to the LAM and allowed to recover 
from anesthesia under supervision with heating pads. Immediately upon recovery, 
animals wUI be retumed to standard cages that house 4 animals per cage. Lucite jigs will 
be sanitized after each use. 

V.4.4.8. Tissue Sharlna: 
For the proposed studies lcbH4> tissue will be obtained. AU other tissues will be available 
'for tissue sharing with other inv~stigators. 

V.4.5. Study Endpoint: . 
(b)(4) ............ Tbe ... endpolnt .. for .. experiment·t ·isDnonths. The endpoints for Experiment 2 are l<b)(4) 

l(b)(4) Hays postirradiation. Morbid animals will be monitored at 
least twice daily, morning and afternoon. The experimental design does not contemplate 
supportive therapy. Criteria to be used for health evaluation while the animals are on 
study Include: 20% weight loss (mice will be weighed every other day-based on our 
ex~nence with total body irradiation in which animals can recover from -25% weight 
lossl<bl(4) !ruffled fur, dehydration, decreased activity, and hunched body 
position, dyspnea, or panting. Animals exhibiting these signs, and scoring above 11 on 
the pain score sheet may be euthanlzed, and considered to be at the study endpoint. 
Also, at earlier time points, mice will be euthanized if skin tumors (or any other tumors 
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resulting from radiation exposure) are equal to 20 mm in diameter, or if multiple tumors 
appear that together equal 20 mm diameter. This is the recommended maximal tumor 
size for mice according to NCI Frederick ACUC Guidelines Involving Experimental 
Neoplasia Proposals in Mice and Rats, 2006. 

V . .4.6. Eutllanasja: 
Animals will be euthanized at the stated endpoints of the experiments by injection of 0.1-
0.2 ml/mouse Fatal Plus (39-78 mg pentobarbital/mouse), IP using a 25 G needle. 
Euthanasia Will be confirmed by cervical dislocation. Animals which appear to be 
experiencing pain or distress as a result of radiation exposure or are found moribund will 
also be euthaniz.ed by pentobarbitol and necropsied. At the end of experiments, unused 
animals will be transferred to other protocols or euthanized by exposure to 100% CO:z 
from a COrll>ressed gas cylinder in accordance with the current American Veterinary 
Medical Association (AVMA) Guidelines for Euthanasia. Exsanguinatiorr, cervical 
dislocation, and/or pneumothorax will be used to ensure euthanasia. 

V.5. Vetednarv Care: 

V.5.1. Hysbandrv Considerations: Routine animal husbandry will be provided in 
accordance with LAM Husbandry SOPs for each species in this protocol. Food and water 
and Rodent Diet will be available ad libitum. The 12:12 hr (lights off at 6 pm) room light 
cycle is fine for all the studies. 

V.5.1.1 . Stu<tv Room: will be performed in the 
Radiation Building l1b)(6) I Room Number! _(b_H_6> _ _ _____ _ 

Euthanasia Building .... ICb...;..)(;....;6) ___ ................... I Room number .... l(_b)_(6_) _____ _ 

V.5.1 .2. SDQclal Husbandrv Provisions: 

Food Restrlctlon: 

Fluid Restriction: 

V.5.1.3. Exceptions: None 
V.5.'2. Vttednarv Medical Care: 

Yes 

Yes 

V.5.2.1. Routlot Veterlnarv Medltal Cart: 

No x 

No x ----

Experimental animals will be observed at least twice a day by one of the study 
Investigators or technicians. VSD personnel will also monitor the animals twice a day 
during 'their rounds. As described in another section (stUdy endpoint) morbid animals will 
be monitored at least twice daily, moming and afternoon. The experimental design does 
not contemplate supportive therapy. The justification for not providing supportive care 
has been described In the study end point section as well as in the pain category section. 
Criteria to be used for health evaluation while the animals are on study include: 20% 
weight loss (mice wlll be weighed every other day-based on our e.KP-erience with total 
body irradiation in which animals can recover from - 25% weight lossl(b)(4) I 
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ruffled tur. dehydration, decreased activity, and hunched boay position, dyspnea, or 
panting. Animals exhibiting these signs may be euthanized; and considered to be at the 
study endpoint. 

Y.5.2.2. Emergency Veterinary Medical Care: 
All emergency, weekend, and holiday care is proVided by two animal husbandry 
technicians, one or more veterinary technicians, and an on-oall veterinarian, Essential 
husbandry procedures and health rounds are conducted by LAM personnel once daily 
during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: All animals on this protocol will be provided with 
routine environmental enrichment in accordance with LAM SOPs and IACUC Policies. 
Examples include nestlets and tunnels for rodents; balls, toys and food enrichment treats 
for large animal species. 
V .5.3.2. Enrichment Restriction!: None 

YI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

F>rotocol activity or 
procedure (e.g., tail vein Name of person 
in'IAtlfi0ns, euthanasia} oerfonnina activitv 

Ear punch. (b )(6) 

irradiation, 
anesthesia, 
euthanasia 
E-at punch, 
irradiation, 
anesthesia, 
euthanasia 

VII. BIQHAZARDS/SAFETY: None 

VIII. ENCLOSURES: 

Ouallflcatlons of person 
performing activity (e.g., 
research technician, 2 

vrs exoerienc~ \ 
8+ years 

8 years 

7 years 

1) Images of Lucite jigs forl(b)(4) lirradiation. 
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2) Critieria for eutrianasia 
3) Pain score sheet 
4) l<b)(4) }1sos 

Refer<=. ...... ~· 
(b)(4) 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following : 

A. Animat Use: The animals authoriZed for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable. good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical deisign or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

0 . Biohazard\Safety: I have taken into consideration and made tl1e proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, bio~afety , recombinant issues. and so forth, in the preparation of this protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be caused 
to the animals as a result of the ~roeedures I manipulations. 

F. I verify that I have attended the USU HS Investigator/Animal User 

Prin tu re 

G. Training: The following personnel will attend the next USU HS 
Investigator/Animal User Training Course: 

H. Responsibility; I acknowledge the inherent moral, ett1ical and administrative 
obligations associated with the performance of this animal use protocol, and I assure that 
all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and1J.l~!Ml..J~al4l. __ 

(b)(6) 

Prine! 
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I. Painful Procedure(s): 
I am conducting biomedical experiments which may potentially cause more tha~. . , 

mom light pain or distress to animals. This potential pain and /or distres WILL 
o ILL NO e relieved with the use of anesthetics. analgesics and/or tranquilizers. ·· 
ha · ered alternatives to such procedures; however, using the methods and 
sources described in the protocol, I have determined that alternative procedures are not 
availabl · · ctivea of this proposed experiment. 
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X. PROTOCOL A6SfRACT: 
There is increased risk to US military personnel for unintentional exposure to radiation, 
e1tt1er due to a nuclear accident or as ttie result of terrorist activity. Although significant 
research has been conducted on the effects of high dose radiation, the true risk of 
ex osure tol(b)(4) tadiation is not well understood. One theory regarding risk from 
(b (4) radiation exposures is the linear no threshold (LNT) model. which states that 
any level of radiation exposure can result in health risks. Some data indicate that therG 
are significant differences (qualitative and quantitative) between the effects ofl (b)(4) I 
hlgh dose radiation on specific biomolecular targets including DNAj transcription factors, 
and molecules involved in initiation otl<b)(4) Cellular changes leading to the 
generatk>n of cancer in response toKbH4) bamma irradiation nave not been well 
defined. and biomarkers to predict these changes have not been identified. The 
proposed research will develop a murin& model fod(b)(4) lradiation~induced skin 
cancer and identifv cutaneous blomarkerl(b)(4) 
(b)(4) 

A. Animal Protocol Number: 

B. Animal Protocol l1tle: 
Skin cancer biomarkers for exposure tol.,<b_H_4_) _ _.tonizing radiation (Mus musculus) 

C. Prin2ipal Investigator: 

0. Performing Organization: 
USUHS 

E. Fynding: US Military Cancer Institute 
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UNIFORMl:D Sl:RVfCES UNiVERSITY OF THE HEALTH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHESDA. MARYL.AND 20111•--4112 
http:/IWWW.U9llh9 . mi l 

January 3, 2013 

MEMORANDUM FOR DR ...... P_l<6_> _____________ __. 

SUBJECT: lACUC Approval of Protocol - Initial Review 

The following application was reviewed and approved by the Unifonned Services 
University of the Health Sciences (USUHS) Institutional Anima.1 Care and Use Committee 
(lACUC) via Designated Member Review on Janllilry 3, 2013: 

Animal Protocol TitJeJ(b)(4) 

USUHS :?rotocol Number:('b .__><_6> ___ __. 

Expiration Date: January 2, 2016 

Suooortin& Grant(s) Nwnbcr: ... l<b_H_e> __ ___, 

Name of PriocipelJn_v..es.tigal.o_G Dr. _l<b_H_6_) ___ ..... 

The USUHS has an Animal Welrare Assurance on fi le with the Office for Laboratory 
Anim Welfare (OLA W), National lnstirutes of Health (N lH). The Assurance Number is 

{b){6) The LACUC approved tht above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be completed prior to the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the lACUC may send reminders, it ts the 
investigator's rc!lponsibility to submit an annual review fonn (Fonn 3206A) at least 30 days in 
advance, or a new Fonn 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MA.Jl(6)(6) ~schedule a 
pre-protocol planning meetingl(b)(6) ITitis meeting must occur to ensure animal numbers 
are loaded in the CART system and LAM resources are available to meet your needs. 

b){6) 

l(b){ >) I Ph.D. 
Chair, Institutional Animal 

Care and Use Commince, USUHS 
cc: 
Office of Research 

Learning to Care far JlxJu in Hanni Way 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER,. (b)(S) 
PROTOCOL NUMBER.: ________ ___, 

IACUC IJite Stamp 

P,pOTOCOLTITLE:-.l(b~)(~4)~------------------I 

GRANT TITLE If different from above: (b)(4) 
(b )( 4) 

!,JSQHS PR~JECT NlJ_MBER:._l<b_J(_6) __ _ 

.FUNDING AGEt,tCY: DTRA 

EARLIEST ANTICIPATED FUND,NG START D~JE: Current 

Title Telephone 
ti / ;J. ill.-

Oate Dept. ead Si~~n.:.:;;a~tui'""re...._ ___ _ 
Typed Name: l._\(b_J(_6_) ____ ____. 

Chair l<b )(6) 

ST ~IISTICAL RF;YIEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 

s (b)(6) 

St · 1cian ~~~====. 
iyped Nam (b)(6) 

l(b){6) 
Department Telephone __ ........, ___ _ 

A TI:.ENDING VETERINARIAN: In accordance with the Animal Welfare Regulations. 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if 
relie~ed by anesthetics or analgesics. 

(b )(6) 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR: .... l(b_H6_> __ __.IPh.D.J .... <b_)(6_) ____ ____. 

ANIMAL PROTOCOL TITLE: ICb)(4) 
l<b)(4) 

GRANT ilTLE If different from above: (b)(4) 
(b )(4) 

USUHS PROJECT NUMBER:l ..... <b_>ce_> __ 

C ·I TIGATOR S: 
TECHNICIANSCSl: .... <b_)(6_._) ___ __, 

I. NON· TECHNICAL SYNOPSIS: 

The terroris1 attack of September 11, 2001 against the United States has Increased too conc'ern 
that terrorists may acciuire and use radioactive sources (e.g. dirty radioadive bombs) to expose 
military and civilian populations to loni2ing radiation. However, despite this concern, there are 
currently no FDA approved drugs that can be used# al population to prevent death that 
Is likel to result from ex ure to ionizln radiation. (b)(4) rradiatlon in humans can result in 
(b)(4) injuries, However, because rodents are 
more resistant to b 4 injuries than humans, there Is currently no murine model that has 
been develo ed to stu bot (b )( 4) adiation in uries in the same animal. 
(b)(4) 

II. BACKGROUND: 

11.1. Bac_karounsl: 
The acute toxic effects of exposure to high doses of ionizing radiation in humans have been shown 
to occur due to two se-:quential effects: first the ~blation of imml.l'le cen~ resultin in los.S: of immu-ne 
function and increasing likelihood of pathogenic infection (b)(4) a11d 
subsequently the loss of epithelial progenitor cells of the gastrointestinal (GI) crypt.~(b ..... )(~4.:..) __ __, 
l<b)(4) I Both of these events have been shown to be due to the 
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(b)(4) 

(b)(4) 

loss of fast.growing pluriPQtent arid/or progenitor eell types. The time course or the acute injuries 
correlates with the life span of the mature cell types of the tissue, which are not replaced because 
of radiation damage to the adult pluripotent cells and adult stem cells. There is currently no FOA 
a~proved lrophylactic or treatment for prevention of acute radiation injuries following high-dose 
Hb {4) adiation exposure. 

Jn some cases supportive measures can be used to treat acut n ndrome, and 
survival fmml<b)(4) tadiation exposure is now possible {1>)(4) T i r s I . · 
curre t efforts to miti ate or treat lat r sta e ffe ts of i i i (t>)l4) 
(b){4) 

n occur o owing 
survival from b (4 Cumulative 
evidence from a number of laboratories, including our own. shows that there is a threshold dose of 
radiation ofl (b)(4) to induee sufficientW:i)(4} lfor theltb)(4) lphases to oecur 
in mice; below these doses. no pennanent injury manifests, although some short-term effects are 
observedl (b)(4) I However, in humans there is currently no 
accepted protocol for preventative treatment of radiation-induced (b (4) and 
morbiditi as hi h as 50% is associated with each hase b 4 

(b){4) injuries from radiation is 
considered to be a serious problem in the rield for the development of agents to prevent these 
radiation injuries. 

l(bl(4) las a radloprGte:ctant: The olottiemie.al properties of the isonavones and the 
investigation of b 4 s a rotectant a ainst amma radiation-induced lethalit have been 
irwesti ated tr b 4 . b 6 
~)4 A 
single i.p. dose of b 4 nrprior: .toaJe.thald.0$.~- ~L . J~!.(4) 

.. ...radiatiol'.l .. resulted"in ay survival rates of 65o/o, 91 o/o , and 85 o respectively. Mice receiving 
saline or PEG vehicle alone survived at 8% and 15% respectively. All doses ofHb)(4i k>rotected 
mice significantly (p < 0_001) better than vehicle or saline control groups. 

Th. e behavio~al toxi~ty was jnvestjaa!ed tor male mjcf receiving a sin_g~ i.p. inje~tion (0. 1 ml) of 
sallne. PEG vehicle, orlibl(~ _ Locomotor act_1y1t ~ t~1stance 
trave~ed~ '.. ~-ri~ ~trengt~ and ~o~?r c~ation were e~lu:ted on da (b)(4) st-in'ection 

.. ............ and bod wE!1. tit was measured ovelL.J:tays. On day..,.(__._).;._(__..}=============--" 
(b)(4j tissues from the testes, liver, adrenal gland, mesenteric lymph node, spleen, and 
-~ne marrow o the femur and sternum were collected, fixed in buffered formalin. paraffin 
embedded, sectioned, and stain d by hematoxylin and eosin. The results indicated that there were 
no significant effects o (b)(4) or vehicle on IOcomotor activity, grip strength, motor coordination, 
or body weight. compared to the saline~tre~ted control group. In ~dd ition. no gross. morphological 
changes or histopathological alterations were observed j{b)(4J I 
{lb)(4) s a radio rotectant and an antiflbrotic a ent; l<b)(4) I 
(b)(4) and its proteolytic product (b)(4) are believed to haw their primary biological 
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functions In blood pressure homeostasis. However (b)(4) have been demonstrated to be 
upregulated in fibrotic tissues. Inhibition of b 4 or blockade of th b 4 rec-eptors on cells has 
been shown to ameliorate dru ~induce b 4 in murine and rat models for Cb 4 
(b )( 4) rec-eptor 
an agon1s s a so preven car 1ac rem e ing allowing isehaemia/reperfusion in rat models of 
cardiac rernodellng diseMe~(b)(4) I Several studies have also shown tha J · ~ '' ""'b.....,..,4....--. 
or b 4 i nalin miti t radiation-induced injuries. includin. to the heart and (b)(4) 
(b)(4) One study shows that the b (4) edu'-c-e_s_a~cu~t~e_...am~ag~e~ 
to the jejunal mucosa in mice following exposure t (b)(4) This work examined 
only Initial tissue injury arid did not extend findi s ast 5 da and did not examine mortali . A 
second study_ found a r u i . · b 4 in rats exposed to i..:.<b....:.l..i...(4..:....) __ _, 

i(b)(4) ~adiation (b)(4) 
'----------------' 

Preliminary Studies: 
{b )( 4) 
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(b)(4) 

U.2. Literature Search for Duplication: 

11.2.1. Literature Source(s) Searched: 
Biomedical Research Database (BRD)Nll1 RePORTER (replacement database for 
CRISP) http://projectreporter.nih.govlreporter.cfm 

PubMed 11.2.2. Date of Search: 
Data base searches conducted on 11/06/12. 

11.2.3. Period of Search: 
Searches conducted for the entire time periods available in eactl data base. For BRO, 
1998-2012; for RePorter, 1972-2012. For PubMed, 1970-2012. 
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11.2.4. Kax_.W_o_r_dJi_am.LS_e_a_r__cb_at_r_a_t.e_gx: 
searches were oerionned usina the followina kev word combinations: 
(b)(4) 

U.2.5. Results of Search: 
1) BRD:l(b)(4) ~etumed O results. 

One granl was funded to examine the activity ofl(bll4) I 
(b}(4) 

2) A RePORTER search revealed 8 current grants studying the effects of radiation on 
(b)(4) 

None of the funded studies dupltcate our researct\ ofl(b)(4) 
l<bJ(4) I -----------
3) PUBMEO search 813109 
None of the publications available describedl(b)(4) 

((b)(4) I -------------
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(b)(41 

(b)(4) 
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(b )( 4) 

Ill. OBJECTIVE\tlYPOTHESIS: 
Our objective is \q: 1) continue development of a murine model for bo;.:l;..:.h.;.;th.;.;:e;1;111<1..,b\/1;1;4=n---"""""'-~' 
and l(b)(4) linjuries; and 2) e><amine protective effects ofl(b)(4) I 
against these two injuries in the developed model.l(b)(4) 
(b)(4) 

IV. MILITARY RELEVANCE; 
The Department of Defense is prepared to execute military missions within radiation environments, 
to manage radiation crises associated with terrorist actMties, and to manage consequences in the 
event of nuclear weapons detonation. Recent studies indicate that there is an increasing risk of 
exposure to ionizing radiation (IR) to military personnel due to increasing terrorist activities, 
including potential use of stolen nuclear weapons or dispersal of radioactive material in a "dirty 
bomb·l(b)(4) . I Because of potential exposure of mlllt-ary personnel 
to radiation. the OoD is committed to protect members of the Armed Services from the adverse 
health effects of ionizing radiation. High dose JR cause& short tenn, acule injuries Including 
hematopoetic and GI syndromes. However, both high and ~w d_ose IR (as may result from a . 
radiation dispersal device) can causel(b\(4L • as demonstrat&d by Japanese atomic 
bomb survivor data as well as accidental expos1Jres to Russian populationsl(b)(4) I 

ICb)(4) I While early effects of radiation injury now have treatment/ prophylactic 
strategies, the dela~ed effects currently have no treatment .Lack of treatment for late effects of 
radiation, includingl bH4l I will likely lead to delayed morbidity and mortality for 
personnel exposed to IR. 

The Department of Defense (DoD) Chemical and Biological Defense Program 2007 Annual 
Report to Congress. Chapter 2.i.6 Medical Radiological Defense, addresses the requirements 
for the development of radioprotectants. This priority is outlined for the development of 
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V. MATERIALS AND METHODS: 

(b)(4) rradlatlon will 
be performed using the RS2000 irradiator (b)(6) hirty minutes prior to 
Irradiation, the RS2000 irradiator and lead shield w I be econtaminated thoroughly with MB10. 
Sham irradiation will be performed by placing the mice in jigs for equal lengths of time with no 
irradiation. As measurements ofl(b)(4) lfrom radiation, five 
criteria will be examined: 

(b )( 4) 
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(b)(4) 
- ·:::::·. 

(b)( 4p 

V.1.1. Experiment 1: 
Experiment 1 Determination of field of exoosuro for((b)(ij)rradlationl<o )(4) 

This pilot experiment will be rformed to identify the correct shield cut out size required for 
exposure of ~ m_o_!Ls~ b 4 J th minimal exposure to the brain or intestinal tract Mice will be 
exposed to b 4 with x-ray film in a cassette beneath the shield to determine 
the correct placement of lead strips to close the size of the opening in the lead shield. Animals 
will be euthanized once the correct opening size is determined, 

V.1.2. Ex~rlment 2: 
(b)(4) 

PEG-400 (0.1 ml/mouse) vehicle only orl(b)(4} !Will be administered by a slnglel(b)(4) 
i. .. i ·ectionD before radi fon ex oswreKb1C4L _ !Will be provided In the drinking water at 

(lb 4) to give a dosage o (b)(4) per day for the duration of the experiment starting on day 
o. The intake and dosa- - of drug has been previously studied in our laborato- . Amounts of water 
with and without b (4 were measured daily in sham irradiated and b 4 irradiated mice to 
verify tha (b)(4) Ms no effect on water consumption and the dosage of b 4 ·emains in the 
effective dose range after radiationlcb)(4) L Mice will be anestheti . . sed to 

Hb)(4) k-ray irradiation to give eicposures equal l b 4· irradiation Cb}(4J dose rate. 
Jreatroerrtgroups will be: 1) PEG; 2) PEG · b 4 _ )l{o)(4) 14)...,b ..... )._4}.._ ____ _, 
Wo)(4) lwater bottles will be prepared by th b 6 aboratory, and will be replaced 2X per week. 
Extra water bottles will be. prjp~rf ii advance in case they are needed to replace a leaklri-g water 
bottleHb)(4) hs stable In (b 4 water for several weeks; bottles will be prepared and available 
for use over weekends ana hOlidays. 

The dose rate od{b)(4) ko achieve the totadCbJ(4) lexposuta desired will be determined by the 
Radiation Department. which will perform dosimetry using phantoms in tile RS2000 irradiator. 
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because It is a generally accepted principle of the scientific method tnat experiments must be 
repeated to evaluate a hypothesis. 

(b)(4) .. Bice per group) x (4 tr~tment groups) .!..(!_time point) x (3lcb){4) tadiation levels) =!tb)(4) 
(b)(4) ___ .::.. micefexperiment) x (2 experiments} =E:Jnice 

(b)(4) 

(b)(4) 
(b)(4) 

(b)(4) 

Eodooints: The final endpoint for the experiment is[Jays. Mice displaying.obvious dyspnea,.J~l(4}_ 

el Ot ott1e1 matl<ero of il\Olbundity ~ whl: lllll!!lilC IQ T, in dl•tr••• will t>e euthallized. 
ill be histologically examined for~ _remodeling. The scale for pain or 

gy is attached. Mice scoring a totao 2 uer any measurement will be euthanized. 

V.1.3. Experiment 3 
Ex rimen Determination of the mechanism of reduction of ( b 4 
(b)(4 ) 

We will use 4 tlm~ point~d(b)(4l ldays postlrradiation. usln (b (4) 
{lb) 4) rradlatlon. Treatment groups will be: 1) PEG; 2) PEG +lr6j{4\ I 3 ( 4) ( (4) 

~..;....;...--' 

(b 4 he experiment will be repeated because it is a generally accepted principle o trie 
scientific method that experiments must be repeated to e'1aluate a hypothesis. 

per group) x (4 treatment groups) xfilimcme points) x (3'(b)(4) 
ice/experiment) x (2 expeFiments-}-=t:..=}nice 

m-irradiated mice will be required as controls. 

~adiation levels) at(b)(4) 

Enapolnt: Endpoints for the experiments will bel<bH4> bays. Early time polnts will be 
taken if any animal exhibits signs or symptoms of morbidity or moribundity. Such animals will 
be euthanized at the time of observation. 

V .2. Data Analysis: 
Mean with standard error, or percentage will be reported if applicable. A significance level is 

set at 5% for each test. All statistical tests are twi:rsided. A statistical software, SAS will be 
used for statistical analyses. · 
Experiments 2 and 3: Analysis of variance (ANOVA) will be used to detect significant difference 
a.mong the groops. If sigr.lfica. nt, then the pair .. wlse comparison by Tuko;Kramer will be used to 
Identify which group is different from the other. For experiment 2, N = ice per group could ...... {b)(4l 

have 80% power to detect any significant difference between groups i any, given type I error of 
5% and delta/sigma has at least 1.4, where the delta is the estimated mean dtffertnces-between 
the two groups and sigma is the pooled standard deviation of the two groupsl~'D. __ ___ I 
For experiment 3, previous data from this laboratory indicate that the coefficient of variation 
(CV) of the data is about 0.5~nd that differences of between 2- and 30- fold are likely to be 
obs.erved. A sample size ofl_j)er group wili have 80o/o power to detect 3-fold increases In 
biomarkers based on a lognormal t test with a 5% two-sided significance level and a CV of 0.5. 

V.3. Laboratory Animals Required and JusUflcatlon: 

V.3.1. Non-an!ma! A!ternatlyes Considered: 
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For th~ 1as18 years. we nave utilized prlmary eetl culture system~ to exanilne anti-apoptotic meeM11isms: 
however, we must determine whether our culture findings are relevant in whole animals. We will continue 
to use primary cell culture whenever possible to avoid unnecessary use of animals. We have also 
considered computer models as alternatives to animals. However, this alternative also lad<s the 
knoWiedge base and comp!Elxiry needed to evaiuate radloprotectlve and radiotherapeutic agents. 

V.3.2. Anlmal Model and Species Justification: 
Tissue culture conditions cal"lnot fully substitute for the complexities of whole organisms in 
response to radiation injury. Such injury involves the interactions between the hematopoietic 
system and other organ systems. In order to develop viable treatments for humans, we find that 
our ::sear~h myst be condycted jn whole anjmals 
~(4). <~.H6) _ hhe mouse as the 

best species to use for radiation protection and radiotherapy protocols; 1) mice provide the least 
sentient species available whose response to radiation has been clearly identified, with 
physiologic;al responses to radiation and radioprotectants that are similar to human physiology, 
2) extensive literature is available on responses of mice to radiation and countermeasures, 3) 
more reagents are available to study the relevant cell types and molecules in mice than in any 
other species except humans, and the availability of transgenic and knockout mice make this 
modei extremely attractive for further research into molecular mechanisms, and 4)1t,,;.~b..;.)(.;...6);........ __ _, 

l(b)(6) 1-iave extensive experience with this model in radiation injury and 
radioprotection researchl(b)(6) I 
V.3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 

V .3.3.2. Strain/Stock: 

V.3.3.3. SourceNendcr: 

V .3.3.4. Age: 

V.3.3.5. Weight: 

V.3.3.6. Sex: 

V.3.3.7. Special Considerations: 

USUHS Form 3206 Q Revl'ed October 2008 
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Mus musculus 

C8A 

l<b)(4) 

1C>o14 weeks 

Normal adult weighl range for this strain: 17-21 g. 

Female. Only females will be used in this study for the 
following reasons: 1) we nave so far utllize<I female mice 
to lal the foundation of our studies for radlallon·lnduced 

HbJ(4 l injuries; 2) because of long. 
housing periods, it is advantageous to use female mice 
ihat are less aggressive toward each other. 

Commercially procured animals must be adventitious 
disease free . Mice- Path<>{len-free. Including 
Pseudomonas aeruginoss, and Pasteul'ella: All mice 
need to be free of the following agents: Sendai. 
Pneumonia Virus of Mice (PVM). Reovirus-3 (Rea 3), 
Mouse Adenovirus (MAD-1, MAD-2), Mouse 
Cytomegalovirus Virus (MCMV). Ectromelia , K virus, 
LymphOCylic Chorlomeningitis Virus (LCM), Epidemic 
Diarrhea of Infant Mice (EOIM), Hantaan virus, 
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(b)(4) 

Rotavirus. Mouse Parvovirus (MPV), Pclyoma Virus, 
Mouse Minute V irus (MMV), Mouse Thymic Virus (MTV), 
f neilet's Mouse Encephalomyelitis Virus (iMEYIGDVii). 
Encephalitozoon cuniculi, CAR bacillus ; Helicobacter 
spp. Mycoplasma pulmonis, and Clostriaium pVfforme. 
Encloparasite- and ectoparasite-free. 

V.3.4. Number of Animals Required (by Species): 

V.3.5. Refinement, Reduction, Re.place_me_nt (3 Rs); 

)l..,~U.-.tUIDllOWn:.· -..flnimals demonstrating moribundity due to radiation expw.~!itil. --1(;· ~~ ............. 
will be considered to have arrived at the stud end oint 

erapy 

Ketamine/xylazine anestMsia will be used during X-ray irradiation to prevent stress from the 
time the mice are placed in restraint, Under the training protocol at AFRRI inconjunction with the 
AFFRI veterinary staff, we found that in female C578U6J mice, -12 weeks old, l.p. injection of 
150 mg/kg ketamlne plus 18 mg/kg xytazine results in 60-80 min anesthesia With no morbidity or 
mortality l{b)(4) I We propose to use this range of concentration of anesthetics, 
together wi1h a Mating pad to keep mice warm during the periOd of recovery from anesthesia. 
The temperature in room where the mice will be irradiated will be measured, and if necessary a 
space heater will be used to increase ttte temperature. Standard intraperitoneal injection 
methods are used for injection of the anesthesia, as recommended and approved by the AFRRI 
veterinary staff and for which all laooratoty personnel have received training at AFRRI. 

V.3.5.2. Reduction: Whenever possible, control groups will be shared between 
experimental groups for our experiment&. Tissues will be collected for multiple assays from the 
same animals further reducing the total number of animals needed. At every stage of the 
research, planned experiments will be reevaluated. in an attempt to reduce lhe numbers of 
experiments and eliminate repeats of experiments where statistical significance has already 
been obi.ained. We also plan lo take as many tissues as we can reasonably analyze for 
experiments examining protein oxidation. 

V.3.5.3. Replacem_ent: At ltlls time, it is not feasible to use non·animal systems in place of anirnat 
models to address the research questions in this protocol. 

V .4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: l<b){4) I 

V.4.1.1.1.1. Column C: 

V.4 .1.1.1.2. Column O: 
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V.4.1 .1.1.3. Column E: 
V.4.1 .2. Pain Relief I Prevention: 

V .4. 1 .2.1. AnuthesiaJAnalgesia/Trangulllzation: 
We will be unable t-0 use analgesics since they have;:,,.:.eff:,:.;e:;.;c::.::ts:..o::d'-.llo<._b._.)(4_.) ____ ~""'u'""nc,...tio=o_,,th..,,a._,,1 
would interfere with the interpretation of our results!( L.:.b....:..).:....(4.:....) ___________ _.I 
(b)(4) Some sedatives have been reported to contribute to postoperatiV& 
(b)(4) hich likely reduce some functions of radiation. Additionally, it has been 
s own a t e 1ornetaboilsm otan_alge_sics can induce protein oxidation, which would f nterfere 
with sample analysis l(b)(4 ) I 
An anesthesia protocol has been developed for use during the X-ray irradiation. Ketamine will 
be used with xytazine for longer anesthesia in mice to be place in restraints torl<b)(4> I 
irradiation. Under the training protocol at AFRRI in conjunction with the AFRRI veterinary staff, 
we found that in female CBA mice, - 12 weeks old,i.p. injection of 150 mg/kg ketamine plus 18 
~/kg .xylazJ_n_e r_esuJts in 60~80 min anesthesia (25 G needle) wilh no morbidity or mortality 

1<54) We propose to use this range of concentration of anesthesia. together with 
a heating pad to keep mice warm during the period of anesthesia. Standard i.p. injection 
methods are used for injection of the anesthesia, as recommended and approved by the AFRRI 
veterinary staff and for which all laboratory personnel have received training at AFRRt. 
V.4.1.2.2. Pre- and Post-procedural Cnot surgery) Provisions: 
Animals will be housed and cared for as described in Section V.5. Veterinary Care Mtn before 
and after dose administrations and irradiation procedures. 

V.4.1.2.3. Paralytics: NIA 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1.Sources Searched: DoD Bioedical Research Data Base(BRD). CRISP, PubMED 

V.4.1.3.2. Data of S_e_ar~h: 11/7/12 

V.4.1.3.3. Period of Searth: Search Govered published manuscripts from -1965-present. 
(BRO search included all available years 1998 -2012). 

V.4.1.3.4. Key Words of Search: Pain, analgesia. anesthesia. mice, radiation. ionizing 
radiation. humane,l'"'"(b....:..)(.:...4.:...) __________ I 

V.4.1.3.5. Results of Search: 
The literature seareh revealed that, at present, there are no altematlve procedures for irradiation 
because its effects cannot be otherwise duplica e . J o l i n has been 
demonstrated to reduee pain in labOratory mice (b)(4) ~nd has been in: 
tiuwans reported to alleviate cancer related bone pain ~<b..:.),,_(4..:..) _______ ~~~_____. 

llh)(4):y.. recent report showed tMt administration of botulinum toxin A was effectiv_e_fo_r __ _ 
ceductjon of pain.aod,muscie._spasm~ a~er ciinical radiation for t~.at~t of tu".'°r:sl!b)(4) _ ~ 

l<b)(4) __JApphcat1on of natural honey 20 min pnor to radiation exposure 
was also shown to reduce @cositis with associated pain in humans following head/neck 
radiotherap~(b)(4) I it has not been determined whether honey acts as a 
local radioprotectant. Spinal cord stimutation has also been reported in humans to alleviate pain 
resulting from radiotherapyt(b)(4) lhowever, this method would not be 
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practicai for use in mice because of the extensive spinal cord manioulation required . Human 
administration of morphine also relieves pain l<b)(4) .I but again this would not be 
practical for mice in our experiments because of side effects of the drug. In humans, exposure 
tolfb)(4) Irradiation may induce vomiting and diarrhea, causing pain and distress. However, 
mice_ are not su_sceptible to vomiting. ihe animals that wiU be administered Bb)(4) tM11 likely 
re<"..e1ve pain relief as pnytoestrogens have been reported to reduce neuropathic pain in rodents 

l<b)(4) h~relimina results also indicate thatl(bX4) !ameliorates acute 
radiation-induced injurie (b)(4) ,__ _____ _. 

V.4.1.4. Unalleviated Pa·ntu1 or Distressful Procedure Justificatio 
Anesthesia will be used befor b 4 rradiation to avoid str~ss from restraint. (b)(4) 
(b)(4) 
u.:b~4~.,.......---..,---,---~--....~~.:;:;:::;:;::;::..._ __ ...J.;we will be una e to use analgesics a er 
irradiation since they have effp.:..;.;e;;..;;c~ts=-o:::.:n~(b"'")(~4"-) ___ ....i.:.:fu~n~c:.::.tio:::.:n..:..::.th::::a::..t wo=u:::.:l~d..:.:in.:.:te:::.:rf:.:.;e::.:r~e..:;w:.:.it~h:..:1.:.:.he:::...._ 
inter retation of our results (b)(4) 

(b)(4l In experiments wMre 
tissue collection is needed, animals will be eulhanized with pentobarbitol prior to sample 
collection as described elsewhere. 

V.4.2. Prolonged Restraint: 
NO prolonged restraint is requir r b 4 irradiation. Wf'rOle bodyl(b)(4) lis 
non-invasive and unrestrained. (b)(4) irradiation will r uire restraint i designed jigs for 20-
40 min to receive X-ray exposure (b)(4) animals will be 
anesthetized during this period (see Anesthesia above) and tails will b& taped to one side with 
surgical tape. The jigs for use aunngl(b)(4) !irradiation were examined and approved by the 
AFRRI Veterinary staff. An image Of the jig is nt:JH provided (see attached). Under the training 
protocol at AFRRI in conjunction with the AFRRI veterinary staff. we found that in female CBA 
mice, -1 2 weeks old, i.p. injection of 150 mg/l<g ketamine plus 18 mqtkg xylazlne results in 60: 
80 min anesthesia (25 G needle) with no morbidity or mortalit~(b)(4) I We propose 
to use this range of concentration of anesthesia, together with a heating pad to keep mice warm 
during the period of anesthesia. Standard i.p. injection methods are used for injection of the 
ane~thesia , as recommended al'ld approved by the AFRRI veterinary staff and for Which all 
laboratory personnel have received training at AFRRI. AFFRI Veterinary staff have provided 
training and supervision for the placement Of anesthetized animals in the approved jigs for 
irradiation. 

V.4.3. Surgery: 

V.4.3.1. Pre-surgical Provisions: NIA 

V.4.3.2. Procedure: NIA 

V.4.3.3. post-surgical Provisions: NIA 

V.4.3.4. Location: NIA 

V.4.3.5. Surgeon: NJA 

V.4.3.6. Multiple Maior Survival Operative Procedures: 
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V.4.3.6.1 . Procedures; NIA 

V.~. 3.6.2. Scientific Justification: NIA 

V.4.4. Animal Manipulations: NIA 

v ....... 1. lnlectlons: 
Intra-peritoneal injections r:I pentOb~bital for euthanasia 0.1 -0.2 rnVrnouse Fatal Plus (3S.7S mg 
pentobarbltal/mouse), will be performed with a 25 G needle. l.p. Injection of 150 mg/kg 
ketamine plus 18 m~kg xytazlne will be done using a 25 G needle. This has been extensively 
examined by the AF,RI Veterinary staff and shoYJn to effectively produce non~lethal anesthesia 
ICb)(4) 

V.4.4.1.1. Pharmaceutical Grade Druas 
1Cb)(4) 

V.4.4.1.2. Non-Pharmaceutical Grade Druas 
(b)( 4) 

Endoto)dn in the drugs will be measured by the Pt, or information from the company will be 
provided prior to administration of drugs lo the animals. 

V.4.4.2. Biosamples: 
All biosamples will be taken after euthanasiaJ(b)(4) I 
Hb)(4) for analysis will remowct ~n bloc. Intestinal tissue will be taken in smaller amounts 
(the first segment of the small Intestine). All other tissues will be available to other researchers 
tor ti$Sue sMl'ing. 

V.4.4.3. Adluvants: NIA 

V.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 

V.4.4.5. Animal Identification: 
All cages will have cage cards Identifying the treatment groups for each experiment. For 
experiments 2 and 3, each animal within a cage wil receive ear punches for Individual 
identification (1 •no cut: 2 =right ear upper corner; 3 =left ear upper corner. 4 =both ears). 

V.4.4.8. Behavioral Studies: NIA 

V.4.4.7. Other Proctduru: 

ICb)(4) •rradlation 
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The methodology fo~(b)(4 ) Irradiation of mice including approval of holding jigs and 
develo ment of ?nest,hesia wa_s develop~ in conju_nctio~ w~~ the AFRRI Veterinary §ta,. . 
(b)(4) rradiat1on will be performed using the RS2000 1rrad1ato~(b)(S) Thirty 
minutes prior to irradiation, the RS2000 irradiator and lead shield will oo decontaminated 
thoroughly with MB10. 

Mice will be anesthetized by injection in the USUHS LAM facility. Anesthetized mice will be 
placed In venti1ated Lucite jigs, which restrain the animals to prevent lateral or vertical 
movement. Tails will be taped to orevent any forward motion of animals. Mice will be irradiated 
atl(b)(4) lirradiaUon. The temperature in room where the 
mice will be irradiated will be measured, and if necessary a space heater will be used to 
increase the temperature. Following radiation exposure, mice will be immediately returned to 
the LAM and allowed to recover from anesthesia under supervision with heating pads. 
Immediately upon recovery, animals will be returned to standard cages that house 4 animals per 
cage, Lucite jigs w111 be saniti~ed after each use. 

(b)(4) 

(b)(4) !The animals Will experience no restraint, no 
anesthesia, no drugs, or other manipulation during this time. Following the measurement, to be 
performed in the room in which they are housed, the animals will be returned to their original 
cages. Chambers will be sanitized after each use. 

Ear punch 
Ttte ear punch wm be soaked In alcohol to disinfect H before use and between animals. ihe 
device will be placed on the pinna of the ear (external ear) in a location where the mouse will be 
marked for identlflcation. ihe punch will be pressed firmly to punch a circular hole through the 
ear, being careful not to rip the delicate membrane of the pinna. The ear will then be ge,ntly 
separated from the device. The ear punch will be cleaned and disinfected in alcohol before use 
in another mous~. 

V.4.4.8. Tissue Sharing: 
For most studies)(b)(4) I will be obtained. 
Ali other tissues will be available for tissue sharing With otller investigators. Our laboratory has 
made extensive use of shared tissues for training and technique development toQissue. . . .{~).(~).,. 

V.4.5. Stud 
(b)(4) 

b (4) eariy endpoints will be 
used in the case of morbidity and morbundity. Specific health assessment criteria including 
rapid weight loss, ruffled fur, dried lacrlmal fluid accumulated in the cul-de-sac of their eyes, are 
cool to the touch, decreased appetite, diarrhea, difficulty breathing or panting t~Cb-..l~(4 ..... l ~====' 
b 4 will used to determine early stud end oints for euthanasia. Following 

(b)(4) rradiation. mice may exhibit Injuries from th (b)(4) rradiation durin the first week 
postirradiation. Also, mice are expected to develop (b)(4 injury on da (b)(4) postirradiation. 
During the critical time periods (the first week postirraetialion and {b)(4) days postirradiaUon}, 
mice will be monitored by the Pl or other members of the investigative team at least twice daily, 
eariy morning and late afternoon including weei<ends or holidays. Mice will be considered 
moribund when, in addition to showing some or all of the signs of morbidity, they exhibit labored 
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breathing plus either an inability to remain upright or are unmotivated to move. Morbid or 
moribund mice will be euthanized, 

V.4.6. Euthanasia : 
An imals will be euthanized at the stated endpoints of the experiments by i.p. injection of 
mVmouse Fatal Pius. ?HS policy is intmperitoneal injectic>n of at least 200 mg/kg sodium 
pentobarbital euthanasia solution; Fatal Plus; 390 mg penlobarbitol/1 ml 

1 ml/390 ml x 0.02 kg/mouse x 200 mg/1 kg = 0.01-0.02 
IP will be performed using a 25 G needle_ (Please note that Euthasol cannot be used as 
additives have effects on lung tissues. We do have Fatal Plus for these experiments.) 
Euthanasia will be confirmed by cervic-al dislocation. Animals which appear to be axper1encing 
pain or distress as a result of radiation exposure or are found moribund will also be euthanized 
by pentobarbilol and necropsied. At the end of experiments, unused animals will be transfermd to 
other protocols or euthanized by exposure to 100% CO:z from a compressed gas cylinder in 
accordance with the current American Veterinary Medical Association (AVMA) Guidelines for 
Euthanasia. Exsanguination, cervical dislocation, and/or pneumothorax will be used to ensure 
euthanasia. 

V .5. Veterinary Care: 

V.5.1. Husbandry Considerations: Routine animal husbandry will be provided in 
accordance with LAM Husb~ndry SOPs for each species in this pmtoCCl l. Food and 
water and Rodent Diet will be available ad libitum. The 12:12 hr (lights off at 6 pm) 
room light cycle is fine for all the studies. 

V.5.1.1. Study Room: will be performed in the 

Radiation Building l(b)(S) I Room Number L...1Cb_)C_6> __ __...L...-__ 

Euthanasia Building --'-l<b_)(_6> __ __, Room number __.l~<b.:..:.)(6..;.) ___ ~ 

V.5.1.2. Speclal Husbandry Provisions: 

Food Restriction: 

Fluid Restriction: 

V.5.1.3. Exceptlon1: None 
V.5.2. Veterinary Medical Care: 

Yes No 

NO TE: No _ ___.x""---
l<b )(4) kreated 

water will be 
provided. 

V .5.2.1. Routine Veterinarv Medical Cara: 
Experimental animals will be observed at least twice a day by one of the study 
investigators or technicians. VSD personnel will also monitor the animals !'Mee a day 
during their rounds. As described in another section (study endpoint) morbid animals 
will be monitored at least twice daily, morning and afternoon. The experimental design 
does not contemplate supportive therapy. The justification for not providing supportive 
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care has been described in the study end point section as well as in the pain category 
section. Criteria to be used for health evaluation while the animals are on study include~ 
20% wel ht loss (mice will be weighed every other day-based on pxui (with 
)(4 rradiation if\ which animals can recover from - 25% weig'fITToss l._l o_Jl_41 ___ _, 

(b)(4) ffled fur, dehydration, decre3sed activity; and hunched body position, 
dyspnea, or panting. Animals exhibiting these signs may be euthanized, and 
considered to be at the study endpoint. Increased monitoring of animals will begin on 
da~hrough the end of the experiment, based on our Pf(t)l~us djta that indicated 
that mortality fronfCbJ(4) irradiation occurs between days > postirradiation. 

V.5.2.2. Emergency Veterinary Medical Care: 
All emergency, weekend, and holiday care is provided by two animal husbandry 
technicians, one or more veterinary technicians, and an on-call veterinarian. Essential 
husbandry procedures and health rounds are conducted by LAM personnel once daily 
during weekend and holidays. 

V.5.3. Environmental Enrichment: 

V.5.3.1. Enrichment Strategy: All animals on this protocol will be provided with 
routine environmental enrichment In accordance with LAM SOPs and IACUC Policies. 
Examples include nestlets and tunnels for rodents; balls, toys and food enrichment 
treats fot large animal sp~cies. 
V.5.3.2. Enrichment Restrictions: none 

VI. STUDY PERSONNEL QUALIFICATIONS ANO TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 
Qualifications of person Specific training in this 

Protocol acti'vity or perfofffi Ing activity (e.g., activity or procedure 
procedure (e.g .• tall vein Name of person research technician, 2 (e.g., rodent handllng 
Injections, euthanasia) , ,,.tine ~~•:,..: .... vrs experience) class. 1009} 

Earpuooh, (b )(6) 8+ years (b)(6) 

irradiation, 
anesthesia, 
euthanasia 
Ear punch, 6 years 
irradiation, 
anesthesia, 
euthanasia 

VII. BIOHAZARDS/SAFETY: None 

VRI. ENCLOSURES: tmages of jlgs.l(b)(4> ~DS, manuscriptsl_<b_)(4_) ---
l<b)(4) I ..____ ....... 

References: 
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1X. ASSURANCES: 
As the Principal Investigator on this protoeol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, u-nless a modification is specifically 
approved by the IACUC prior to its implementation. 

IB. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments, 

C. Statistical .Assurance: I assure that I have consulted with an individual who is 
qualified 1o evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of aninutls needed for scientifle validity are used.n 

D. Blohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
r.;rotoeol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Traini - Course. 

(b)(6) 

ture 
I 1/.2L(rt

Date 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
11Responsibility" for implementing animal use altematives where feasible and conducting 
humane and lawful research. 

~(b)(S)I""' s,..,.iQ-n-at-ur_e ______ _ 
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I. Painful Procedure(s): 
I am conducting biomedical experiments which may potentially cause more than 

~~G:!:U.iai..,.~~· d.!.:ht pain or distress to animals. This potential pain and/or distress 
ILL or WILL NO- e relieved with the use of anesthetics, analgesics and/or 

tr 11zers. I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I have determined that alternative 

procedures r~rc:t available 11accomplish 1he objective•,~;:~~:roposed experiment 

9 f re Dale ' 
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X. PROTOCOL ABSTRACT: 
The terrorist attack of September 11, 2001 against the United States has increased the concern 
that terrorists may acquire and use radioactive sources (e.g. dirty radioactive bombs) to expose 
military and civilian populations to ionizing radiation. However, despite this cone-em, there are 
currently no FDA approved drugs that can be used for the eneral population to prevent death that 
is likel to result from ex - -ure to iorii:zin - radiation (b)(4) irradiation in humans can result in 
both (b)(4) injuries. However, because rodents are 
more resistant t b 4 injuries than humans. there ls currently no murine model that has 
been developed to study both acute and delayed radiation injuries in the same animal. 

(b )(4) 

A. Animal Protocol Number: 

8. Animal Protocol Tltle: {b ){ 4) 
(b )( 4) 

C. Principal lnvestlgator: ... l (b_)(_S_) -----

o. Performing Organization: Uniformed Services University of the Health Sciences 

E. Funding: DTRA 

(b)(4) 

G. Indexing Tenns (Descriptors): Ll(b_)(_4_) _______________ ___. 

animals. mice 
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UNUFORMED SEIMCES UNIVERSITY OF 11"HE HEALTH SCIENCES 
4301 JO'NES 'BRIDGE ROAD 

UETHESOA, MA'RYrLAND 20814,.712 
hnp:1/,www.uiliihfi.ml1 

February 25, 2013 

MEMORANDUM FOR DR . ._l(b_)(_e) ______________ __. 

SUBJECT'. LACUC Api>rovaJ of Protocol- Initial !Review 

The foUowing application was 'reviewed 8lild approved by the Uniformed :Servkes 
Univemtty oft.he Health Sciences (USUHS) Institutional AnimaJ Care and Use Commitree 
(tACUC) via Oe5ijfl4ted Member Re-view on FebnWy 25. 20)3! 

Animal Protocol Title; .. Murinc Mooel fo~ (b)(4) ~iation Injuries (Mus Musculus)" ,__ ______ ___, 

USUHS Prot«:ol Nwnber; ._l<b_)<_6l __ __. 

E:xpiration Date: February 24. 2016 

Supportina Qrantesl Number: ..... l(b_)(_G> __ __. 

Name of Principal lnvcstipmr: Dr.j .... (b_)(_S) __ __. 

The OSUHS has atl Animal Welfare Assurance on file with the Office for Laboratory 
Animal We'Jfare (OLA W). National Institutes cf Health {NIH). The Assuna:nce Number is 

l(b)(6) fThe IAOUC approved the above referenced application as submitted. 

An annual re'1iew is required for each of the three years of this ,protoeol. This rev.ie.w 
must be completed by the anniversary date of the protocol. ff work is to be continued past lhe 
expiration date. a triennial revlew must be completed prior to the expiration date ~n o«ler for 
worik to be uninlemilpted. Protooo1 eKpirtttio:n dates may lltO't be extended, and no anima1 work 
may be done without an approved prot0«>I. Although the IACUC may send reminders. it ris the 
invcstiptor1s responsibility to ,submit wumn.W review form (Form J206A) at lean 30 days in 
advance,, or a new f'onn 3206 for trierwia.I revlew at Beast 60 days in advance or expiration. 

Prior to placing your fmst animal order~ plea Cfintae't MAJl(b )(6) Ito schedule a 
pre·protocoi planning mcetingl(b)(6) lnus meeting must occur to ensure animal numbeB 
me 1ooded in the CART system and LAM rcsouroes are available to meet your :needs. 

(b )(6) 

(b)(6) Ph.D. 
Chair. lnstltul onal An!lmal 

Care and Use Committee, USUHS 
cc: 
Office of Resear:ch 
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ANIMAL STUDY PROPOSAL 
PROTrOC10L COVERr!'!"S~H!'!"'E_EI........_~~~ 
PROTOCOL NUMBER: l(b)(G) 

IACUC Oete Slllmp 

'----p;:;::::;:::;:;::=:=:=~~-
, PROTO C 0 _ L TJILE·: Murine model forl ..... (b_)(_4) ____ ___.rdiatlon Injuries (Mus musculus) 

GRANT TITl.E (if different from above>: l(b)(4) 

USUHS PROJJECT NUMBER: .._ICb_)(S_) __ _, 

FUNDING AGENCY: OTRA 

EARLIEST ANIIC1PATED FUNDING START DATE: Current 

OeiPt. H ad s1.,.,sn .... s..,.iure ___ ___, 
Typed Name: l(b)(6) 

.,;.,;,.-..o..=====' 

Attendlng/COMUI ~ VGterinarian Signature 
Typed Name'. L Tel b)(6) I 
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Chair l(b)(6) 

Tille Telephone 

~M .... l( .... b)(_si ___ ..._. 
Department Telephone 



ANIMAi.. PROTOCOL INUMBER; 

PRIN.Cl.PAL INVESTJG~J_O_R: ,,_l<b_J(6_l __ ___,I Ph.o.J .... <b_><6_) ____ __, 

ANIMAL PROTOCOL TtTiLE: Munne model to1(b)(4) ~ad latton injuries (Mus 
musculus) ....,__,,.:....;.... _____ _, 

GRANT TITLE if different from above : b)(4) 
{b){4) 

USUHS P'ROJECT NUIMBER: \ .... <b-)(S_) __ __, 

CO-iNV~STlGATOR(S); 

TECHN1ICIANStSl:j ... {b_)(6_> ____ _ 

11. NON.:TECHNICAIL SYNOPSIS: 

The terronst attack of September 11, 2001 against !he United States has increased the concern 
that terrorists may acquire and use radioactive sources (e g dirty radioactive bombs) to expose 
mihtary and civilian populations to ionizing radiation. However. despite this concern. the.re are 
curremly no FDA approved drugs that can be used for the . eneral population to prevent death that 
1s I kely to result from e!<posure to t0nizing radiation (b)(4} rradiatlon in humans can result in 
ltblC4) linjuries. However, because rodents are 
more resistant toM l !Injuries than humans, there is currently no rnurine model that has 
been ~velOped to study bothunu"\ .-adiation m1uries in the same animal. 

(b)(4),(b)(6) 
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11. BAC~GROUND: 

11.1. Background: 
The acute t•oxit effects of exposure to !high doses ·Of ionizing radiation in humans have been sihown 
to occur due to two sequential effects· ·first thte a1blat1on of nmmune cells1 resultin in loss of ammune 
function and increasing likelihood off 1patho,Qe:rni<t; if1fec:tio:n (b)(4) a11d 
subseguernttly the loss 1of epithelial pr()rgenitor ©enls of the rg.astrolntestinal (Gf) erypt ...,b...._.4....._ __ _. 
l\b)(!) la1i)th ofithese events have been shown to be due to the 
loss of fast=grownng pluripotent and/or :progenito1r cell types. ~he time course of the acute Injuries 
correlates with the lifo span of the 11nature cell ty1pes of the tissue. which are not replaced because 
of radiation damage to the .adult plunirp·ote.nt cells .and adult stem cells. There is currently no FDA 

_ approve._d pm phylactic or treatment for preverrnt~on of acute radiation injuries following high-dose 
Hbll4) !radiatioin exposure. 

In some cases supportive measures ·can be used to treat acute radiations ndMme, and 
survival foomlt6){4.1 lradistion eltposurie i's now a>ossllble l:l ·~ ' 
cwrrertt efforts ao mili , ate or tre$t lafte:r- st~ e efifeets of ionizin radiation ex _osuLe""' {b)(4) 

(b)(4) 

n 1 1uma11s ea can occur o· ow ng 
survival fr.om b)1(4) Cumulative 
evidence from a nn.imbell" of laborato~ies, includmg our own, shows that there ls a threshold dose of 
radiation ofl<b)i4) Ito induce sufficientHbH1) • , lfor thei tb)<f4) lphases to occur 
in mice; beJcw tlhese doses, no permanent iniu<y manifests, altihough some short-term eff:ecis are 
obseirvedHb>t4! I However, i111 humans, there Is curremly no 
accepted IPTOtocol for pr.eventative lr·eatmeinft of radliatio111-!111duce 'b 4 and 
morbiditi as ht·h as 50% is associated wjfth each hase b)(4) 

(b)(4) injuries from radiation is 
considered to be a serious problem irn tlhe l'field foir the development of agents to prevent .these 
radiation injuries. 

~i...:+-...,...........,..~.....,,, ...... -.-----------...,....--,.-..,.....___, __ ,,....---,-.....,...___,,.....,......,.....,....----1. A 
single i.p. ciru$e 10 lb' 4 administer - hr pi:1or:.to .. aJethal. d0.~?. . .9-1.. (b)(4) 

(b)(4) . J~~latlantesrLllted in day survival rates of 65%, 91%, and 85°0 respectively. Mice rec&i'ving ...... -...... 
saline or PEG vehicle a~one survived at '8% and 15% 1respec1ively. All doses ofl(b)(4) lpro1e~ted 
mice signlifltainUy (p '" 0.001 } better tha1rn vehicle or saUne Gontrol groups. 

The behavioral toxiclbt was investtiiqratedl for mate _mice receiving a single i.p. injecMon (0.1 ml) of 
saline, PEG vehicle, orl\b)(4) I Loc:omotcr activit (total distariee 
traveled), gwif) strength and motor CGJotdiination were evalualed on da b ·4 ost..Oni'ec:tion 

(b)(4) Jmd..body .. weight..wasm:easured ,ove~ays. On day._(b_)_(4_) ____________ __. 
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l<b)(4) I r~s~es from the testes. liver. adrenal gland, mesente1ric lymph IJi\Ode. s~lee1n, and 
oo"e rrrarro ... ,. of ti"~ femur and sternum were collected, fixed in buffered formalin, paraffin 
embedded sectioned and stained by hematoxylin and eosin. The resiuhs undicated tihat there were 
no s19nrf1cant effects o {b)(4) r vehicle on locomotor activity, grup st~ength, motor rcoordination, 
er bocfy weight. compare to t e saline-treated control rou lln .addition mo Ot·oss morpho·logicall 
cnanges or n1stopatt'iological alterations were observed (b)(4) 

----;:;:;::::;::;:::;::;:::::========~~~~~--. 
(b)(4) ais a radio roteetant and an antifibrotic a ent: l(b)(4) I 
b) 4) and its proteolytic produc (b){4) are be~:ieved to [have t!heir iPtrimary bio!ogioai 
for-cilors 1n blood pressure homeostasis. H w ver b 4 ha11e been dernonstratted to be 
:..pr~utated in fibrot1c tissues. lnhib 1tion ~o (b)(4 r blockade of th. (b)(4,) ece tors on oells has 
l::Ji!en sha.vrl 10 amehorate dru. -.induce~ (b) 4) 'n murine and irat mo:dels ffoll' · b 4 
(b){4) receptor 
antagoo1sts aiso preverit cardiac remodelln!' following lschaem1a/re1Perfuslon in rat moctels of,..........,._ ... 

1 remode 1rig oiseasesl(b)(4) ~everal studies have also shown that jnbibiUop orllb)(4) I 
b 4 1QnahOQ m111Qate~ rad1ahon·1nduced injunes, includin to the heart andl .... l<b_)_l4_) ____ __.I 

(bli4) One study shows that the b 4 educes aco.J~e damage 
to tne J@junal mucosa rn mice following exposure t (b)(4) hus wmlk exam~ned 
only 1n t al tissue Injury and did not extend findings pas ays1 and did not ex0mi1ne mortality. A 
~econd study found a reductton 1n b 4 iT1l rat·s exposed doi{b)(4) I 

l(b)(4) ~ad1at1on b)( ) 
.._~~~~~~--

P reH m in a ry Studies: 

(1b)(4) 
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(b)(4) 

11 .. 2. L~ature· Search for Duelication: 

11.2.1. Literature S:ource·(s) Sear·eh~d: 
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81omedrcal Research Database (BRO)NIH RePORTER (replacement database for 
CRISP ~:::: ::; -.-:;_ e~:reconer mh gov/reporter cfm 

Pub Med 11.2.2. Date of Search: 
Data lbase searches conaucted on 1106/13. 

11.2.3. Period of Search: 
Searches conducted for the entire time periods available in each data base. For BRD, 
1998-2013· for Re Porter. 1972-2013 For PubMed. 1970-2013. 

U.2.4. tiev Words and Sea rch Strategy: 
searches were performed using the fellowing key word combinations: 

l (b)(4) 

11.2.5. Results of Search: 
1) BRO l(b)(4) 1retumed O results. 

Orn: grant was funded to examine the actiVltV omb)(4) I 
(b)(4) 

2\ A RePORTER search revealed 8 current grants studying the effects of radiation on 
l<b)(4) I 
(b)(4) 

~~n-e o; tre furded studies duplicate our research ofl(b)(4) l (b)(4) I ________ ____. 
3) PUBMED Search 
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None of the publicat~ons available describedl{b)(4) 
1Cb)(4) I ........... -~~~~~~~~~~~ 

(b )(4) 

Sumf'Tla_ 
(b)(4) 
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(b)(4) 

1111. OBJECTIVE\HYPOTHf SIS: 
Our objective 1s to. i) continue development of a murine model for both thel(b)(4) 

ICbl(4) !injuries, and 2) examine Qroteclive effects 0~9,;;,bl;..;(4:;..;l.:.!::!::::::::::::::::===::;---' 
against mese two lnjuries in the developed mode~(b)(4) I 
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to radlation, the DoD is committed to protect members of the Armed Services from the adverse 
health effects of iornizing radiation. High dose IR ·causes :shorn term. acute injuries including 
h.ematopoetic and GI syndromes. However, both nigh and low dose IR (as may result from a 
'adlation dispe1rsal device) can causeHb){4) I as demonstrated by Japarnese at·omlc 
bomb survivor dafa as well es accideinta~ exposures fto R.usslan population~ (b)(4) I 

!Cb)(4) !Wlhlle early effects of radiation injury now have treatment/ prophylactic 
strategies, the delay.ed effects currently have ino treatment. Lack of treatment for late effects of 
1radiat1ion, includind(.!>)(4) ! wi'll likely lead to delayed morbidity and mortality for 
[peFsOll'l'nel exposed to IR. 

The Department of Defense (DoD) Chemical and Biological Defense Program 2007 Annual 
Report to Congress, Chapter 2. 7.6 Medical Radiological Defense, addresses the requiremenfts 
for the developme,rit Clf radioprotectants, This ~riority is outlined for ithe cievelor.m,..,...e,..nt._o ..... f ___ .... 
rotectants for both acu,te and delayed radaation 111 uties, with an emphasis on b 4 

b)(4) ccf:>rding to this re ort, t;hs mitt ation of b 4 os :a ma_'or 
rese0rch thrust area. (b) 4 
(b)(4) 

V. MA JER~ALS AND METHODS: 

V.1. Experir.u.!ot.~J C>esagruumd G~oe_raJ_Pro..c_e_d!LlLes: 
Tlhe . oal of this project is to investigate 1he proteciive efifects and mecharnisms ofl<b)(4) 
(b)(4) eatme:nt for radlation-iinducedl(b)(4) !injuries. -----

Mice will be exposed to both (b)(4) "'"""-------------------- -.....,.. ......... ----~~ irrndoatlon to induce ti'he tote~ radiation doses required to indt.1ce both ................... ~~~~~--" 
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{b )( 4) 

... l<b_.).._(4...,) ____ _.h i1...res , to sirnLllate the injuries that occur in humans as a result o~ .... (b_)_(4_) __ ..... 
1rrat a· M 

l<b)(4) l rpad1atJon W'llJ be performed in thel(b)(6) lusing the standard Lucite 
ra: 'osrs for rrradiat.on Sham irradiation will b'e ~rformea by placing the mice in Lucite holders 
fer eowar bme penods without irradiation. These experiments will involve short end points (less 

.. . ... ttia,,.. cfa.,.s) for exam1nat1on of five critena Survival a~days will be used to evaluate the 
(b)(4) A pr,otocol forl(b)(4) ITradiation or mice for the pro;osed 
eJK.periments in · s protocol was approved by the AFRRI IACUCl(b)(6) We are 
a-...rai'tin .approval for a modification of tll'is protocol to move the mie-e to USUHS for 

(b)(4) Irradiation and housing thereafter. 

l<bl(4l l-aa ati :::n 1.1sed to inducecf(b)(4) !Irradiation willl 
~ o.e~or- ~;: us1r-g the RS2000 1rradiatoij{b)(6) !Thirty minutes prior to 
rrac1at er. the RS2000 1rrad1ator and lead shield Will be decontaminated thoroughly with MB10. 
St-iam rrad at on will be performed by placing the mice in 11gs for equal lengths of time with no 
1rrad1at1on 

V.1.1. Exparfmen1 i : 
Experiment 1 Final development of a murine model that ineornorates t>otll l(b){4) 
l fb\•14) 1radlaUon lnlurles. l(b)(4) I ..._....._ ___ _, 
Ratior.a 'e l(b)(4) 
(b)(4) 

Th s expenment combilllt1d(b)(4) letoses to achieve (b)(4) do'Se, will also 
be used to determine. th.at V-Je do not encounter a significant effect fro b 4 he dose. To 
m nrmize a pos-s bl (b) 4) effect. we will keep th~ interval between radiation exposures as 
10..._. as possible. {b)(4) 1n 

To comD!~te our deveto ment of Ule model. we will use five doses o lb)(4) irraellation 
betweeri (bJ(4) Groups will be 1 (b) 4 r dietlon only, and 2 b lrradiahon 
"" b 4 rradiat1on Time points will be surviva a da . ostirr..adiati!:>n (b )~4} ... 
rraaialloo -NiJ be iven to equal a total exposure of .... b7"""4._ ___ -:-~=~=::;".""""-.-.~ 
b 4 Mice will first be exposed to b 4 irradiation in 
tn b , 6 facl hfy (b)(4) then <llnesthetized and exposed to X-ray irradiation of the 
b 4 n the RS2000 at USU, dose rat,(b)(4) I 
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(b)( 4) 
(b')(4) 

Control mice will be anesthetized and placed in holders to provide a sham fo~(b)(4) I 
irradiation. The experiment will be repea~ed because it is a generally accepted principle ot the 
scientific method that expeniments must be l'iepeated to evaluate a hypothesis 

. ..... ~1ce ... needed ... for expenrMent:Q roup to ireach statistical sigmfJcance for survival. 
..... .·::::: .r:D..i.~!i.!.!9~9UP}. 11<.(6 ... cornditions) .. x .(:t time ·pe~nt) ·Q nimals _ 

he e>tpertment w111 be repeated 1 time to oonfinm f~ndings (tota~nimals),..... .... . ........... .. ................... .. 

(b)(4) Endpoiot The endpointwill .. be0 days. We will measure survival at botnHb)(4) ldays for 
the study. Early time points will be taken if any animal exhibits signs or symptoms of morbidity 
or moribundlty (score of >11 as de-scnbed in the pam score sheet). Specific health assessment 
criteria including rapid weight loss. ruffled fur, dned lacrimal fluid accumulated in the cul-de-sac 
of tiheir eyes, are cool to the tollch, decreased appetite. diarrhea. difficulty breathing or panting 
will used to determine early study endpoints for euthanasia (See section V.4.5). Such animals 
will be ewthani~ed at the time of observation 

Table 1: Schematic for 1Exoeriment 1 
'(b)(4) 

V.1.2. Experiment 2 
Exoerimrent_2_1Qetennine the effect o11!bt@ Ion survival followingl(6){4) 

Hb)(4) ~mu.tiation. l<b)(4) I .___ __ ____. 
Rationale: Expernmerot 1 will be used to determine overlapping effects ofi(b)(4) !irradiation on 

llbH4) __ (njlllry b 4 _ irradiation. This section objective will be tto determine the 
effects and the mechanisms o b) 4) for the prevention ofl(b)(4) I 
'induced by exposurn to t 4 rradiatlon. The approach will be to us@ murine 
model of both b 4 --adliation injuries developed in Experiment 1. We will 
ass,ess the mechanisms of protectioro uslnd !b)(4) I cellular. histological, molecular, 
and baoeheniieal marrk.~rs . The rational . f ., ing this research is that once tne 
mechanisms otl\bi(4i lcrevention o (b)(4) re known, these may help designing 
therapeutic straltegies ,against radiation-induced (b)(4) njury. 

(b)( 4) 
PEG-400 (0.1 ml/mouse) vehicle only o (b)(4) will be administered by a single1Cb)(4) 

( i. . .lrfe. · ior(]n beforie raa~· . sure t>) ·4 will be provided in the drinking water at 
(b)(4) . · ~give a d~sag.e ~ · (b)(4) per ~ay ~~r !he d~ration of the experiment start~ng on day 
0. Our rehmrnary findings 1nd1C'a e , ere .are no adverse effects due to long term use of 
(b)(4) · e lhave usedl this drug in the wa r nr up to a s w'tn .1:10.finc:iings. Q!~),(,4) 
adverse e ects. Mice will be exjposed to (Ql{4) _u_s.in (bJ(4) ose rate. ···· 
Subsequent! . moce will be anesthetized and exposed t (b)(4) x-ray irradiation to give exposures 
equal t- (b){4) irradiation, (b)(4) ose rate. Treatment groups will be: 1) PEG; 2) 
IPEG + (b { 3 b ·4 and 4) (b)(4) ater will be provJded for all 
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{b )( 4) 

~b)(4) 

{b )( 4) 

m oe o reou~C-Jms c infections that occur followm . b 4 1rradiatron For mice to be 
ere:. ec ...... Jl l(!o)(4_ tNJll be proVldux~ l water water bottles and 

Hb)(4) lwa:er bo.'t'es .,.,g be prepared by th .i>a ratory an wt replaced 2X per week in 
axo(dance With LAM protocols Extra water bottles will be prepared in advance and they will be 
a , 3 able 1n the room ""' ere the animals are housed 1n case they are needed to replace a leaking 
-Nate r oott e 

(b 4 o determine 
u..;.o..i..;.i.. ____ -:----:-""".""""-:---=---:---:--~::=====::-il'!'l"!"!"!l"I"':"' For these stud1es"'j(b_X_4.,..) -
- .ce a re requ red per radiation d.QS...e~.Jm.Le _ im forl lblf4l _ , ~s..ed grt data 
from J)'e lllOUS stud es by others ( )( ) The ume point fo (b)(4) 1sf<b}(4) ]days, 
oasea oo Cfe111oos s!udtes by othe , (bi(4} lthough breathing will be monitored, 

l(b)(4) !results w1 I not be used as a sole Indicator for euthanasia (See section V.4.6). 

The expenment will be repeated because 11t is a generally accepted principle of the scientific method 
that exper:ments must be repeated to evaluate a hyp0thes1s 

D.,, ce per group) x (4 treatment groups} j (1 t;e point) x (3D rad1at1on levels) ::ly,,(b~)(Oli.,;4~) _ _, 
D 'Tl ce e)(penment) x 12 expenments) = ice 

(b)(4) 

Er.coo "iS The final endpoint for the exJi)enment is O days. Mice d1splay1ng obvious dyspnea. (b}(4 ) 
ece,...,e etnarg1 or orher markers of morbund1ty as descnbed 1n the pain score sheet (score of 
> 11 ). and wh en appear to be m distress will be euthanized Spec1f1c health assessment criteria 
nCJud1n9 rap•d we ght loss ruffled fur. dried lacrimal fluid accumulated m the cul-de-sac of their 
~~s are cool to the touch decreased appetite diarrhea d1ff1culty breathing or pant1M will.used to 

studv end 1nts for euthanasia See section V 4 5)1(b)(4) I 

V.2. IData ,Ana~ysis : 
Mea1 with <sl aMard error or percentage will be reported If apphcable A s1gn1f1cance level 1s 

set at 5% for each test All stat1st1cal tests are two-sided A stat1sttcal software. SAS will be 
.Jsed tor stci t st,cal analyses 
~ llcre t"rnents • and 2. Log-Rank test will be used for companson among groups If significant. 
r.=..s.,.,e· s e act.Jest wi I be used to detect significant d1fferen~across the groups in survival 
ra.:es ai oayO Kaplan Meier curves will be displayed N =t..Jnfce per group will have 80% 
ooNer "l cet~cung a s19n1ficant difference between two groups 1f any, given type I error of 5% 
""'nere the treatment group survival rate 1s at least 68% compared to a control group survival 
ra~e of 20"'11 S1m1lar statements would apply. 1f the treatment group survival rates are at least 
83' <: i8~ or i 3% compared to vehicle group survival rates of 35%, 30%, and 25%, 
resoect 1e ; l(b)(4) I 

V.J. Laboratory Animals Required and Justification: 
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V.3.1. Non .. a1nimal Alterrnatives Considere_d: 

For the last 8 years; we have utilized primary 1cell culture systems to examine anti-apoptotic 
mechan:isms; however. we must determine whether oiur cullture findings are relevant in whole 
animals. We willl continue to use primary cell ·culture whenever ipossible to avoid unnecessary 
use of arnimals. We have also considered computer models as aliternatives to animals. 
However. this alternative also lacks the knowledge base and complexity needed to evaluat·e 
radioprotecUve and radiotherapeutiiG agent·s. 

v .. 3.2. Ainimal Model and Species Justification: 
Tissue c1.1lture conditions cannot fully sulb'stitute tor the complexities of whole organisms in 
response to radiation injury. Sut h lfi}l!lry involves the ililteraclions lbetWeelil the hematopoietic 
system and other organ systems. In order to develop viable treatments for humans, we ~ind that 
o.ur research mwst tie conducted in whole animals. 

l(b)(4),(b)(6) Jhe mouse as the 
best species to use for radiatiion protection and radiotherapy protocols. 1) mice provide the least 
sentient species available whose response ~o radiation has been clearly identified, with 
phys1lologica1 responses to radiatior1 and radioprotectants that are similar to human physiology, 
2) exte:nsive literature is available on responses of mice to radiation and countermeasures, 3) 
more reagents are avallable to istudy tlhe relevant cell types and molecuiles in mjce than In any 
other ·s1Pecies excepl humans. and the avaijlability of transgenic and knockout mice make this 
model extremely attractive for further research into molecular me'Clha111isms. and 4 ) .. Hb_) ... (6 .... ) ___ _ 
l(b)(6) )have extensive ex erience with this model in r:adiation injury and 
radiopr-otectlon researrch (b)(6) 

---~---~---------
V.3.3. _LiltmaLlOiJY Animalrs 

V.'3.3.1 . Genus & S1peei~s: 

V.'3.'3.2. Strain/Stock: 

V.'3.3.3. SourmeNenclor. 

V.3.3.4. ~ge: 

V.3.3.5. W_eigbJ: 

v.-3.3.6. Sex: 

V.J.3.7. Specia1 Consid_erations: 

USUHS Form 3206 - Revised October 2008 
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Mus muscuJus 

CIBA 

l(b)(4) 

10-14 weeks 

Normal adult weight range for this strain· 17-21 g. 

Female. Only female·s will be used in this study for the 
following reasons; 1) we have so far util\zed female mice 
to lay the fOundation of our ~ludles f<:Jr radiation·induced 

l<bH4l !irn)uries; 2) because of long 
housing periods, it ns advantageous lo use female mice 
that am less aggressive toward each other 

Commercially procured animals must be adventitious 
disease free. Mice· Pathogen-free, including 
Pseudomonas aeruginosa, and Pasteurella: All mice 
need to be free of tlhe following agents: Sendai, 
Pneumonia Vims of Mice (PVM), Reovirus-3 (Reo 3), 
Mou'se Adeno~\rus (MAD·1, MAD-2), Mouse 
Cy~omega'lovirus Vfrus (MCMV), Ectromelia, K virus, 
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Lymphocytic Choritimeningitis Virus (LCM). Epidemic 
Diarrhea of Infant Mice (EDIM), Hantaan virus. 
Rotavirus. Mouse Parvovirus (MPV). Polyoma Virus. 
Mouse Minute Virus (MMV). Mou~e Thymic Virus (MTV), 
Theiler's Moose Encephatomyehtis Virus (TMEV/GDVll). 
Encephalltozoon cumcull, CAR bacillus. Helicobacter 
spp Mycoplasma pulmonis, and Clostridium piliforme 
Enccparaslte- and ectoparas1te-free 

V.3.4. ~um_t:tetJ)1-AnJ~J_-s~B~_qujr_e_djby_SRJtcJ~sJ: 

V.3.5 . . Re-flinement Reductio_o, ~eplacement (3 ~s}: 

V .3 .5 .1 . Refineme11t; Animals demonstrating moribundity due to radiation expos.ure 
HblC4l I will lbe considered to have arrived at the study endpoint and wili be 
r-i>-~ely euthanized (See sections V 4 _. dy Endpoint and V.4 6 Euthanasia) j(b)\4) 
wi1 likely minimize pain .atid distress, while b)(4 has been shown in studies of cMm""o-"rth._e.:...r ... ap""y""· ....,. 
agents to function as a repair and (b)(4) actor 

Ketarn ne 'xylaz1ne anesthesia will be used during x.ray irradiation to prevent stress from the 
time the m.ce are placed in restraint. Under the training protocol at AFRRI inconjunciion with the 
AFFRI vetennary Maff we founa that in female CS7BL!6J mice. -12 weeks old, i.p. injection of 
150 mg Jt l.te1;amine plus 1 S mgfkg xylazine results in 60·80 min anesthesia with no morbidity or 
r;crtalrty l b)(4) I We propose to use this range of concentration of anesthetics. 
together witn a heatmg pad tio keep mice warm during tne period of recovery from anesthesia. 
The temperature in room where the m ice Wiil be irradiated will be measured. and if necessary a 
space heater will be used to increase the temperature. Standard intraperitoneal injection 
metnods are used for injection of the anesthesia , as recommended and approved by the AFRRI 
vetennary staff and for which all laboratory personnel have received training at AFRRI. 

V.3.5.2. Reduction; Whenever possible, control groups will be shared between 
e~~nmenral groups for our experiments Tissues will be collected for multiple assays from the 
sa'ne an mals further reducing the total number of animals needed. At every stage of the 
research planned experiments will be reevaluated. in an attempt to reduce the numbers of 
re.>.penmer.ts ard elmninate repeats of experiments where statistical significance has already 
oeen obtained. We also plan to take as many tissues as we can reasonably analyze for 
expenments examiningj(b)(4) I 

V.3.5.3. Replacement: At this time. 1t is not feasible to use non.animal systems in place of animal 
'":~es·~ adc•ess the research questions in this protocol 

V.4. Tectunical Methods: 

V.4.1. Pain I mstriess .Assessment: 

V.4.1.1. APHtS Form 7023 Information: 

V.4. L1.1. Number of Anima1s.: Hb)(4) 

V.4 .. 1.1.1.1. Cotumn C: 
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V .4.1.1.1.2. c ,olrumn o~ 

V.4.1.1. t.3. ~oh.lrrin_E:. 

V.4.1.2. Pain Rreliief! Prevention: 

V.4.1.2.1. ,Anesth&&ia1A1nidg~siaffrang'1!ifization : 
We will ibe -u :nabl~ to use an'1lllgesncs \$inee they hav;,,e ,.;;:e.;.:,ff-e,;.ct= s ..;;;o.;.:inl ... 1b .. l..,.<4 .. l ___ .-:F.:::.un:.:;ct=io~n..:.t:.:;hat::.:- ~ 
would interfere with the interpretation of our results .,.Hb~) .. (4 .. ) _... ...... ......,...,..__.. ............ __.. ...... ......, __ _.I 
l(b)(4) I Some sedatives !have lbeen reported to contribute to postoperative 
!lb1c41 !which likely reduce some functions of radiation. AddltloMlly, it Has been 
1sthown that tihe ibjometabollsm__olanal eslcs_can induce protein oxidation, which would interfere 
with sample analysi (b)(4) ....._ ______ __ 
An anesthesr~ prot,ocol has been developed for use during the X-ray 'irradiation. Ketamine will 
lbe used with xy1azine for longer anesthesia in mice to be place in restraints fori{b)(4) I 
i1rradiation. l.Jnder the trarn1ng protocol at AFRRI in conjunction with the Af'RRI veterinary staff, 
we 'foui'id that 1rn fomale CSA mice, -12 weeks old,i.p. inJect1on of 150 mg/kg ketamine j:)lu:s 18 
mffJkg :i<ylaiine results in 60-80 min anesthesia (25 G needle) with no morbidity or mortality , 
l(b_ 4) IWe propose to use this range of concentration of anesthesia, together with 
a heating pad to keep mice warm during the period of anesthesia . Standard i.p. Injection 
methods are used for injection of the anesthesia, as recommended and approved by the AFRRI 
vetennary staff and for wh1th all laboratory personnel have received tram1ng at AFRRI. 

'V.4.1 .2.2. Pre- and Post-procedural (oot surgerJi) Provisions: 
Animals Will be Mused anti car,eQ! lor as described in Sect1on V.5 Veterinary Care both befofe 
and 'after dose adrn1nlsttations and trradlatlon procedures 

V.4.1 .2,.3 .. IPararJytlcs: NJA 

'\1.4.1.3. literature Search for Alternatives to Painful ·OJ Distressful Procedures: 

V.4.1.3.1.~rces Searche_d: OoD IB1oed1cal Research Data Base (BRO), REPORTER, 
PubMED 

V.4.1 .3.2. ~-t4tPLS__!la_tc_b: 1n113 

V .i4.1.3.3. Period of Search: Search covered published manuscripts from -1965-present. 
{BRO search included all available years 1998 -2012). 

V.4.'1.3,.4. Kev Words of Sear.ch: Pam, analgesia, anesthesia, mice. radiation. ionizing 
radiation. humane.,_l(b_)_(4_) ________ __,I 

'V.4.1.3.5. IResults of Se-arch: 
The literature search revealed that, .at present. there are no alternative procedures for irradiation 
because its eiffiects cannot be otherwise dupllcaied. In some cases radiation has been 
demcmstrated to reduce pain in laboratory miceu:b::..u...4:.L.....t~~ ............. ---...a.iil.u.w...Ll.liLllil..Wiill:.liil.l..1..11..1....., 

~s reported to alleviate carncer related bone pain (b)(4) 
~A recent report showed that administration of b""o.-u""1""'n""'um-t""'ox"'"1""'n "'"""w""'a""'s""'e_,- ""e""'c""t1v""'e""'· '"'o""'r ............... 
~~~iil.l..LW.UiiUil.Ll.L..lilil.l.loL..Ll.l.liO~~'Wlasms after clihical radiation for treatment of tumorsj{b)(4) 

plication of natural honey 20 min prior to radiatio,_n_e_x-po_s_u-re _ __. 
was a so s own 1 o re · uoe mutositis with associated pain in numans following head/neck 
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rad otherapy Hb)(4) Ht has not been determined whether honey acts as a 
loca' rao ocrote~ar1t Spinj ' cprd stiroulation ha$ a!sp been reported in humans to alleviate pain 
rcsu urig from radt0therapy (b)(4) I however, this method would not be 
p-ectJceil for u_se in mice_ because °.f the ext~nsive somaf cord maniJulation r_equi:ed. Human 
adm n1strat1on of morphine a1so relieves pa1,..(b)(4) but again this would not be 
p.-ac-Ucal fo r mice in our experiments because of side effeets of tile drug. In humans. exposure 
~c1 (b)(4) Irradiation may induce vomiting and diarrhea, causing pain and distres.s. However. 
mice are not susceptible ~o vomiting. The animals that will be admi11istered(b)(4l !will likely 
~<'1 oam reli~f as ph~oe~t~ogens have been. re~orted to reduce neurop~thic pain in rodents 
j{b)(4) - rehtmnary results also 1nd1cate tha~(b)(4) ~meliorates acute 
r2tf~~ cr-1'iCiUCCKi m1unes i{b)(4) I 

V.4.1.4. Unallevia~ed Painful or Distressful Procedure Justification: 
~J-es.a will be used beforei(b)(4) i rradiation to avoid stress from restraint. '"'(b,..,.)...,4,..._ -----. 
(b)(4) 

(b }( 4) 
b 4 n experiments where 
ussue ro ect1on 1s needed. animals will be eutharnzed with pentobarbitol prior to sample 
co lect on as descnbed elsewhere. 

V .4. 2.._E>rolon~ :ed_IRe'-sJraio.t; 
(b)(4) 1midtation will require res1ramt 1n designed Jigs for 20-40 min to receive X-ray exposure 

b 4 arnmals will be anesthetized during this period (see 
Anestttes1a above) .and tails will be taped Ito one side with surgical tape The jigs for use during 

l<bJ(4) lrradiatlon were examined and approved by the AFRRI Veterinary staff. An image of the 
1•9 snow provided tsee attached). Under ·the training protocol at AFRRI 1n conjunction with the 
AFRRI .. eteMary staff, we found that in female CBA mice. -12 week'.s old, i.p. injection of 150 
mg/kg ketam1ne plus 18 mg/leg xylazlne results 1n 60-80 min anesthesia (25 G needle) with no 
moro.drty or mortahtyHb)(4) I We propose to use this range of concentration of 
a"estr es1a to9&ther with a heating pad to keep mice warm dunng the penod of anesthesia. 
Stardard 1 c m;ecuon methods are used for injection of the anesthesia. as recommended and 
approve0 by the AFRRI veterinary staff and for which all laboratory personnel have received 
tra n ng at AFRRi AFFRI Veterinary staff have provided training and supervision for the 
placement of anestihet1zed animals 1n the approved Jigs for irradiation. 

V.4.3. Surgery~ 

V.4.3.1. Pre··~urgical Provisions: NIA 

V.4.3.2. Procedure·: NfA 

V.4.3.3. Posot .. sutgic~a.terov-isions: NIA 

V.4.3.4. Loc-aUon: NIA 

V.4.3.5. Su1rgeon: N.f A 

V.4.3.6. Mrultiple Major Survival Operative Protedures: 
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(b)(4) 

V .4.3.6. 1. IProtedure~: NIA 

V.4.3.6.2.Scientifit Justlfi~ation: NIA 

V.4.4. Animal ManiQUl'atiorns: NIA 

V.4.4.1. lnjedions: 
lntra-petitoneial lnject11ons of pentobarbital for euthanas'ia 0. 1 ·0.2 ml/mouse Fatal Plus i( 39-78 mg 
pentobarbitallmouse}. will be performed with a 25 G needle l.p. injection of 150 mg/kg 
ketarnine plus 18 mglkg .xylazine will be done using a 25 G needle. This has been extensively 
e'Xarn1lned by the AIFIRRl Veten1nary staff and shown to effective} lroduce non-lethal anesthesia 
l(b)(4) I PEG-400 o 1 mij/mousj ) vthie!le only orl(b) 4 !will be 

........ a.Qministered by. . .a .si.ngl (b )(4) 1. p, 1~}eet1ori beforie radiation exposure a~so with 25 G 
i11eedles 

V.4.4.1.1. !Pharmaceutical Grade Drugs 

V.4.4.1.2. Non·Pharmaceutical Grade Drugs 
(b)(4) 

Endotoxin in the drugs w1111 be measured by the Pt or information from the company will be 
provided prior to administration of drugs to the animals Gonce:ntrated PEG 400 h.,;,;a_.,.s.....,_ __ 
antibacterial act1v1tles., and sol~uillons of PEG do not have bacte1nal contamrination. l(b)(4) ~ill 
be handled under stenle cona1rions 

V .. 4.4,2. Bk1sam1ples: 
All blo:sam1kles will be talken after euthanasia.l(b)(4) I 

l(b)(4)0r ana~ysis Will iremoved en bloc lntesti'tlial tissue wiJll fbe taken in smaller amounts 
{the first segmein1 of t,he small intestine). All otlher ti'1ssues will be available ito otlher researotiers 
tot ~Issue sharr1ng. 

V .. 4.4.3. Adiuvants: NIA 

V.4.4.4'.. Monoc~o1nal Antibody tMAbs:~ Production: NIA 

V.,4.4.5. Animal ldelrltilfication: 
All cages wHI !have cage cards idernt~fyirog the treatment groups for each experiment. For 
e:x,periments 2 and 3, each animal within a cage will receive ear punches for individual 
identification (1 =no cut; 2 =right ear upper corner: 3 = left ear upper corner: 4 =both ears) . 

V.4.4.6. Bebavioral Studies: NIA 
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V.4.4.7. Other Procedures: 

(b)(4),(b)(6) 

j(b)(4) - hrradiatjon 
T.-:; f'."'le ~ ooology to~""'(b..,.)("""'4,...) -~nradiation of mice including approval of holding jigs and 
cei. e cc4e"lt of anesthesia was developed in conjlmction With the AFRRI Veterinary Staff. 
j{b)(4) I rrac1anorr will be performed using the RS2000 irradiatod(b)(6) lrhirty 
,.. "v~es cr"or to 1rrad1ation. the RS2000 irradiator and lead shield will be decontaminated 
t"::'::-g 1 wtth MB 1ID 

M ce w I be anesthetized t>y injection in the USUHS l.AM facility. Anesthetized mice will be 
j;•acec 1n ventilated Lucite 11as. which restrain the animals to prevent lateral or vertical 
mo.e"""t~"lt Tails 1111 be taped to prevent any forward motion of animals. Mice will be Irradiated 
a~l (b)(4) ~rradiation . The temperature in room where the 
F :ce .'; J :e rratfiated will be measured, and rf necessary a space heater will be used to 
'"!crease tl)e temperature Following radiation exposure, mice will be immediately returned to 

tr.e LAM and allowed to recover f rom anesthesia under supervision with heating pads. 
IMmed1ately upon reco'tJery, an1ma1ls will 'be returned to standard cages that house 4 animals per 
cage Luette jigs will be sanitized after each use 

(b)(4) 

b 4 he animals will experience no restraint, no 
anestnes1a, no drugs, or other manipulation during this time. Following the measurement. to be 
performed 1n the room in which they are housed, the animals will be returned to their original 
cages Chambers will be sanitized after each use 

Ear punch 
fhe ear punch will be soaked in alcohol to disinfect it before use and between animals The 
dev ce w,111 be placed on the pinna of the ear (external ear) in a location where the mouse will be 
mari<ed for 1dent1f1cat1on. The punch will be pressed firmly to punch a circul~r hole through the 
ea• being caref<u'I not to rip the delicate membrane of the pinna. The ear will then be gently 
separated from the device The ear punch will be deaned and disinfected in alcohol before use 
rn another mouse 

V."4.4.8. Tissue Sh,arin_g: 
F~r rrost stud1esJ(b)(4) !will be obtained. 
A ottier t ssues will be available for tissue sharing with other investigators. Our laboratory has 
,,..a::ie ei<tens1ve use of shared tissues for training and technique development torOtissue . ....... (P.K~.L 

V.4.S. Stud 
b (4) 

.. (b_)_(4_) _____________________ __,Early endpoints will be 
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used in the case of morbidity and morbundity Specific heal!h assessment criteria including 
1tapld weight loss. i'1'uffled fur. dned lacrimal fh.11d aoGumuJat1ed in the cul-de-sac of their eyes. are 
cool to the touch, decreased appetite, diarrhea. difficulty breathin or pantin will used to 
1determine e.atrly study endpoints for euthanasia. Following (b)(4) irradlatior\ mice 
may exhil:>it iradiatilon in·uries durin tihe fi!~~J~Qfill_r:r_~9~0,~~ ected to_ 

develo ~(b~)(~4~) ~~~~~~~=~~~~=------------..,..1 postlirrad1ataon. llJiurm tlhese icr1t1ca t~me peno s b 4 
(b)(4) mice wlll be monitored lby the Pl or other 
mem em o e 1nves 9a 111e earn at leas 1oe caily, early morning ·and !late afternoon 
includlng weekends or holidays. Mice will !be OOfl'i$iderad moribllnd when, in addition to showing 
!S'Ome or sli of the signs of morb1d1ty,, they exhibit labored br1eath·ing plus either an inability to 
·remain 1upright or are unmotivated to move. Morbid or moriibllnd mice will be euthanized. 

V.4.6. Euthanasia: 
Animals will be euthanlzed at the stated endpofnts of the experiments by i.p. injection of 
,ml/mouse Fatal Plus. PHS policy is intn1Jperiitoneal injection of at least 200 mg/kg sodium 
pentobarbital euthanasia so'lut1on; IF'atal Plus: 390 mg pentobarbitol/1 ml 

1 ml/390 ml x 0.02 kg/mouse x 200 mg/1 kg= 0.01-0.02 
IP will be performed using ·a 25 G needle. (Please noie that Euthasol cannot be used as 
,additiye.s have effects!(b)(4l I We do ha\le Fatal P1lus for these experiments.) 
Euthanasia will be ieonf:1rimea by cervJeal dislocation. Animals which appear to be el<periencing 
1pain or distress as ,a result of radiation ex1Posure or are found moribt.!Jnd will also be euthanized 
lby pentobarbitol and necropsied. At the end of expenments. unused animals will be transferred to 
other protocols or euthanired by exposure to 100% CO, from a corn pressed gas cylinder in 
accordance with 1lhe current American Vetennary Medical Association i(AVMA) Guidelines for 
!Euthanasia Exsanguinat1on, cervical diisl.ocatlo111, andlor pnel.llmothora:x will be used to ensu11e 
euthanasia. 

1V.5. Veterirnary ·care~ 

V.5.1. Husbandry Conside.rations~ After animals rete1v~(b)(4 ) trrattiatlon, they will 
remain at !USUHS In a designated quarantine room, as specified by LAM veterinarians. Routine 
animal husba'ndry will be prrc.wided in aceoraanee with LAM Husbandry SOPs for each species 
in this protocol. Food and addi~ied water and Rodent Diet will be available ad libitum. The 12: 12 
hr (lights off at 6 pm) rioom light cycle 1is fine for an the studies. Special caging is not rneeded; 
'standard shoebox cages will lbe 1used. Acidified water to reduce infection will be tprovlded for all 
1cages. Autocf aved bedding a1nd food will be used for all cages. 

V .5.1.1. :Study Roorm~ will I be performed in the 
Rad,iation Building l(b)(6) I Room Number ..... l (b_)(_6) _____ _ 

Euthanasia Building _,J._<b_)(6_J __ _.L IRoom number .... {(b_)_(6_l ------
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F®d Restrletfon: 
~ot st@rilizet:I 

Fluid R@$tfietion: 

V.5.1.3. ~t:_£tpJiQ(ls: None 

V.5.2. Veterinary Medical Care: 

Yes No 

NOTE:~ No 
a..10.f . . l 

(b)(4) ea e 
water b@ 
provided. 

V.5.2. 1. R10\Jtine Veterinar;y Medical Care: 

x 

x 

Ex:::e!"lmemal animals will be obsef\led at least twice a day by one. of the study 
investigators or technicians. VSD personnel will also monitor the animals twice a day 
dunng the r rounds. As described in another section (study endpoint) morbid animals 
wlll be monitored at least twice daily. morning and afternoon. The experimental design 
does not contemplate supportive therapy_ The Justification for not providling supportive 
care has been described in the study end point section as well as in the pain category 
section Cnteria to be used for health evaluation while the animals are on study include: 
201c \'iS l<Jht loss (mice will be weighed every other day-based on our ex:izerienre with 

(b)(4) rradiation in which animals can recover from -25% weight loss .... l<b_)(_4_) ___ __, 
(b)(4) 1fT1ed fur. dehydration. decreased activity, and hunched body position, 
dysnnea or panting. Animals exhibiting these signs may be' euthanized, and 
consk5aroo to be at the study endpoint. Increased monitoring of animals will begin on 

j{b)(4) !through h . 
0 h experiment based on our 

;)rev·ous dat6 that indicated that mortality fro (b)(4) injury occurs mostly 
oe-h~n day~(b)(4) lposiirradiation and fro · (b)(4) rradiatlon occurs betvveen days 

l<b )(4) bostirradiation. 

V..S.2.2. Emergency Vete.rin.ary Medical Care~ 
All emergency. weekend. and holiday care is provided by two animal husbandry 
technicians. one or more veterinary technicians, and an on-call veterinarian. Essential 
husbandry procedures and health rounds are conducted by LAM personnel once daily 
during weekend and holidays, 

V.5.3. Environmental Enrichment: 

V.5.3.1 . ErnriehmjtnJ_SJr:ate,gy: All animals on this protocol will be provided with 
routine environmental erinctiment in accordance with LAM SOPs and IACUC Policies. 
Examples include nest'lets and tunnels for rodents. balls. toys and food enrichment 
treats for large animal species. 
V.S.3.2. f 1nrichment Restrictions: none 

VI. STUOY PERSONNEL QUALIFICATIONS ANO TRAINING~ 

STUO'Y PERSONNEL QUALIFICATIONSfTRAINING 
Protocol activity or Name of person I Qualifications of person l Specific training 1n thfs 
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procedure \e.g., ¢ail vein perlorming activity tl'erformrng actlv1ty (e.g., 
injeGtloms. E!utMnl:i§la) I resean;h teeHn1clart 2 

vrs exoME!ht:e) 
Ear punch, irradiation. (b)(6) a+ years 
anesthesia, 
euthanasia 
Ear punch, irradiation. 6 years 
anesthesia. 
euthanasia 

VII. B~OHAlARDS/SAFETY: None 

VIII , ,ERCLOSUBES.~ Images of jigs~ ... (b_)(4_)_ .... IMSDS 

Referen~es: 
(b)(4) 
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IX. ASSURANCES: 
As the Princtpal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable. good faith effort to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. St3tis1fc.al Aasurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal. and that the 
·mm mum number of animals needed for scientific validity are used." 

0 . Bioha.zard\Safety: I have taken Into consideration and made the proper 
coordinat.-0n regarding all applicable rules and regulations concerning radiation 
protectjon, b1osafety. recombinant issues. and so forth. in the preparation of this 
protocol 

E. Training: I verify that tne personnel performing the animal procedures I 
man pu anons I observations described in this protocol are technically competent and 
have been properly trained to en$ure ttiat no unne<:e$$ary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Tra ining: I verify that I have attended the USUHS Investigator/Animal User 
b)(6) 

Date 

G. Training: The following peraonnel will attend the next USU HS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obhgat1ons associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort, wettare, and weU-be1ng of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
.. Respons1bihty" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

,b)(6) 

-PM 
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I. Painful Procedure(s): 
I am conduct ng b10med1cal expenments which may potentially cause more than 

momentary or shght pain or distress to animals. This potential pain and/or distress 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 
tranQuilizers. I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I have determined that alternative 
procedures (bXe> • · le to accomplish the ob1ect1ves of this proposed experiment. 

cMO gnature 
----~ 
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X. PROTOCOL ABSTRACT: 
Tr~ te'ic-si .attacK of Saptember 11. 2001 against the United States has increased the concern 
ti-ca~ terrcnsts may acquire and use radioactive sources (e.g. dirty radioactive bombs) to expose 
M .rta-y and c1V1han populations to ionizing radiation, However, despite this concern, there are 
currently no FDA approved drugs that c-an be used for 'the eneral population to prevent death that 
s lilceh to result from ex sure ta ioniz-in. radiation. (b)(4) irradidtion in humans cain result in 
b 4 inJUriet. However, because rodents are 
more resistant to 'b 4 niuries than humans. the~ i$ currently no murine model that has 
been develooed to stud both b (4) - i i n in·uFie in hes . m nim I. 

(b)(4) 

A. Animal Protociol Number: 

8~ Animal ProJo~cot Titlft: l<b)(4) 
l(b )( 4) 

c. P,rin1cipal l1rl'ves·tigatt::>r: .... l<b_H_6_) ___ __. 

o. Per11ormfi n.sa_O..r.tta_nJza.J:L<m: Uruformed Services University of the Health Sciences 

E. Fwnding: OTRA 

F. Obietctive and Aaoroach: 
(b)(4) 

G. Jndexin ·Terms · Descri 
{b)(4) 
--~~~~~~~~~~~~~~---
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UNIFORM~D SERVICES UNIVERSITY OF 'TH~ H~ALTFI SCIENCES 
4301 JQN~S BRIOG~ ROAO 

BETHESDA, MARYLAND 20B i 44 799 

Fehruary 21, 201.4 

MEMORANDUM FOR DR .... l(b_)(_6) ______________ ___, 

SUBJECT: IAGUC Approval of Protocol - Initial Review 

T11e following applkation was reviewed and approved by the Unit'hm1cd Services 
University of the Health Sciences (l fStrHS) Institutional Animal Care and Use Committee 
(lACUC') via Designated Memher R:eview on February 21, 2014: 

Animal Protocol Titlo:l(b)(4) !Protection from Rudiation-f nducc<l.,.l(b ..... ).._(4._) _ __. 

~Injuries in a Murinc Mode) (Mus Musculus)" 

USUIJ8 ProtocoU:~11mhcr: .... l<b_)(_6) ___ _, 

Expiration Date: February 20, 2017 

Sue,Borting Uranti_s) Number_; 'TB[) 

Naml;} of Piri11cipal Investigator: Dr( .. (b-)(_6_) __ _ 

The USUI IS has un t\n'imal Welfare As~urunce on file with the Office for Laboratory 
Animal Welfare (OLAW). National Institutes of Health (Nlll). Tho Assunmcc Numb(;r is 

l(b)(S) I The IACUC uppr(>Ved the above referenced application as suhmitfod. 

An annual 11eview is n .. -quired for each of the three years of this protocol. This review 
must he completed by the anniversary date of the protocol. If work is to he continued past the 
expiration date, a 'iricillnial review must he completed prior to tile expiration date in order for 
work to he uninterrupted. Protocol expiration dntc:-1 may Mt be e.xtendcd. and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders, it is the 
investigator's responsibility to submit an annual review fonn (Form 3206A) at least 30 days in 
'advance. or a new Form 3206 for triennial review at least 60 days in advance of expiration . 

. Prior to placing your first animal order. pilease contact MAJ l (b){8) Ito schedule 
a pre .. protoool planning meetin~(b)(6) !nus meeting must occur to ensure animal numbers 
arc loade<l in the CART system and LAM iresources are available to meet your needs. 

(b)(6) 

l(b)(6) IPh.D. 
Chair, hlstittttional Animal 

Care and Use Committee, USUHS 
cc: 
Office of Research 
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USUHS FORM 3206 
ANIMAL STUDY PROP·OSAL 
PROTOCOL COVER ~(b~)(~6> ..... ____ __, 

PROTOCOL NUMBER: 
IACUC Oate Stamp 

e_R_OfOCOL TITLE: (b) 14) - rotection from Rad1at1on-lnducedl(b)(4) ~njunes 
in a Murine Model (Mus-m .... u_s_c...,ult-JS_) ___ __. -----

GRANT TITLE (if different from above): Enhancing cancer treatment by normal tlssue 
protection 

.USUHS PROJECT NUMBER: To be assigned 

FUNDING AG.ENCY: NllH INIAID 

cARLIESt.lANTICtPAJEO FUNDING START DATE: April 2014 

(b)(6) 

I . I I . .. . ~ ;.. -
ssoc1a e I ro es·sor, b 6 

301-295-~236 office~w:3~01'r"'-~i9~5!"":-3~2=20=--:-fa~x;-r~e""':g1-na~.d~·a-y.,,,._. usuhs.edu 
.SCIENTIFIC REVIEW: This anlmal use proposal received appropriate peer scientific 
rev!~ · · =. t with good scientific research practice. 

(b)(6) 

!Dept Heaa SIQflature 
Typed Name: l(b)(6) ______ .... Chair 

Title Telejjhon8 

~ f 3J, ... , 
Date 

ST A1 1S11.C_ALRE:.VJE_W; A person knowledgeat>le in biostatistics reviewed this 
proposal to 1enstJre that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive. and the statlstlcal design is appropriate for the intent of the 

s (b)(6) 

"" / . 

Department Telephone Date 

,AJTE_~DJli.G,,,,,:,'\lE.I.EBJHAEJAH: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipullations that may cBuse more than slight or momentary pain or distress. even if 
relieved b anesthetics or ~anal. esics, 

(b)(6) 
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USUHS Form 3206-Animal Study Proposal Form Instructions 

USUHS I DOD - SPONSORED ANIMAL RESEARCH 
PROPOSALS MUST USE THIS STANDARDIZED FORMAT 

Reference DOD Directive 3216.1 & USUHS Instruction 3203 
************************************************************************************* 

Specific information requested in the following animal-use protocol template is a 
result of requirements of the Animal Welfare Act regulations (AWAR), the Guide 
for the Care and Use of Laboratory Animals, and other applicable Federal 
regulations and DOD directives. 
************************************************************************************* 

This document is intended to be an aid in the preparation of a USUHS DOD -
sponsored animal use proposal. The instructions and written explanations provided for 
individual paragraphs (ref. animal-use protocol template in AR 40-33 / USUHSINST 
3203, Appendix C) are coded as hidden text. To see the instructions and examples for 
each section, select the "Show/Hide 11" button on your tool bar. To print the hidden text, 
select "Print" on the drop down file menu. Under the "Options" button, select "Hidden 
text" under the "Include with document" section. Use of a word processor makes 
completion of this template a "fill-in-the-blanks" exercise. Please provide all response 
entries in the following font: Arial, Regular, 12, Black. Please do NOT submit this page 
of instructions with your animal protocol submission. 

With the exception of title headings, each paragraph and subparagraph in the 
following template must have a response. Portions of the template that are not 
applicable to your particular protocol, (i.e. no surgery or no prolonged restraint) should 
be marked "NIA". There are no space limitations for the responses. 

Pertinent standing operating procedures or similar documents that are readily 
available to your IACUC may be referenced to assist in the description of specific 
procedures. It is critical that only animal studies or procedures documented in an 
IACUC - approved protocol be performed at your facility. Additionally, Principal 
Investigators, or other delegated research personnel, should keep accurate 
experimental records and be able to provide an audit trail of animal expenditures and 
use that correlates to their approved protocol. 
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ANJMA LP_AOI_OCDL NUMBi.B: 

PRINClf_Ab IN\IESTIGA roe:_l(b_H6_> ___ 1 Ph.D.t_(b-)(6_> ____ _ 

AM.MA.L PR010COL. fl'f_LE: 1(6){4) Protection from Radlatlon-lnduced...,(b .... )(._4._) _ _. 
(b)(4) .. .... LJ1njuries in a Murine Model (Mus._m_u_s-cu-lu_s_) ___ _ 

GRANT_I_ITLE Iif dtflerent fl'Qm abt>Bl: Enhancing can~r treatment by normaf tissue protection 

USUHS e,FlOJIECT NUMB.ER: To be determined 

J;O·INVESIIG~IORCSl: Dr._1-JC_b)_(6_) --__,,.~~' ~~~~~~~~~~---. 
POSTOOCS.. STUOEIN!_S,_LE~.C~NICIANS(S):j_Cb_J(_6) __________ _ 

I. NON-TECHNICAL SYNOPSIS~ 
De~pite aavanee~ in precision of tafgeting tumors with radiation therapy (Ri) (eg., intensity
iinod!!ilated RT and ~tereotaetie radiosurgery), loco-regional recurrence is still a major ptoblem due 
to the inability to d!i!llver a sufficienU,y high dose to achieve tumor control without unacceptable late 
normal tissue and organ tol<iclty, Tumors in which loco-regional control is problem~tic include locally 
aavanced breast. lung, head and neck. brain. cervical cancer. and otners. Two other situations 
wllere raalation [protectio:n may be useful are: 1) in cnilaren, where RT can impair normal growth and 
development and 2) in patients 'eceiving combined RT and chemotherapy, where the acute effects 
of treatment rna,y be severe, partlcularly when RT and ch~motnerapy are glvei'I concurrently. One 
method to imptove tile therapeutic index is by use of agehts that differerrtlally protect normal tissues 
relative to tumors, 

The only FDA-approved radioprotector is amifostine, a pro-drug that is converted to an active 
~hiol-type free-radical scavenger . .Amifostine is approved to reduce xerostomla in patients receiving 
head a11d neck inadiatiM, out its us& is limited because It must be · _ n 'n · · ~· · ·- -a 
befor·e Ri and it has s stemic 1oxici b 4 
(b)(4) 

""""""'"'""-.----..-....,......,......,..,.......,._,-------------' Our aim IS to develop M e'ffective, 
non-toxic radioprotectantl radioth~rapeul ic treatment strategy that can be used for protection against 
radiation injury to normal tissues during clinical radiation for cancer treatment 

11.1 . Background: 
ihe acute toxic effects of exposure to high doses of ionizing radiation in humans have been shown 
to occur due to two sequential effects; first the ablation of immune_cells._(esultin _ioJoss of immune 
function and increasing likelihood of pathogenic infection (b)(4) ; and 
$ubsegutntly the loss of epitflelial progenitor cells of the ga5trointestinal (GI) crypt b 4 

l(b)(4) Both of these events have been shown to be due to the loss of 
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fast-growing pluripote:nt and/or progenitor ceU types. f fle time course of the acute Injuries_ correlates 
with the life span of the mature cell fypes of the tissue, which are not replaced because of radiation 
d:;image to the adult pluripotent cells and adult stern cells. There is currently no FDA approved 
pr-1opl'iylm~tiG or treatment for prevention of acute radiation injuries following high,doSEi._(_b)_(4_) __ _, 
radiation GX osure. 
(b)(4) 

(b)(4) Cumulative evidence from a number o·f labarntories; Including our 
own, .shows that lthere is a ltlreshold dose of radiation o~(b)(4) Ito induce sufficient (b)(4) !for 
tht:i(b)(4) lr;ihases io occur in mice; b~low tn@se Closes, no_permanen\ injury 
m~nifests, although sorne shoft=term .effects ere observedl(b)(4) 
However, Jn humans, tnere Is twrrenuy no accepted protoc~o-rl:.;.fo..1.r-p""'re~VJ~e~n'""t1'l""ti"'"v~e ~tr-e-at""m-e-n"!"t-o'!;"f r~a""d;;;-ia-;;;u~on~-~ 
Induced .111d morblditi as hi h as 50% ls assoelated with e~ch . Mse b 4 

4 njuries tmm radiation is considered to be a serious problem in th~ fleld for the dev~lopmMt 
of agents to prevent these radiation injuries. 

~s a radjoprotectant: 

fr.eJimlnazy Stu.dtes~-

(b){4),(b)(6) 
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II. 2. Literature Se_a1r.ch for Cupli.ccation: 
11.2.1. lJm:tltl,ure $_m.1rteis\ Searched: 
Biomedical 1Research Database (BRD) , 
NIH RePORiER {replaeemeint databa~~ for CRISP) otm·@ra,jecrreooqer.ni11.aovhepodeu;tm, 
a111d PubMed 

PubMed 
IL2.2. D_atg_otSearch; 
Data base £earct'ies conducted on 1/30/14. 

11.2"3. E.eriod of Search: 
searches conducted for the entire time periods available in each data !:lase. For BRO. 
1998-2014; for RePorter. 1972~2012. For PubMed, 1970·2014. 

n.2.4. Key W.otds u1tLS_e_ai;ch_Str..ate.gy: 
searches were performed using the following key word combinations; l(b)(4) 

11.2.5. Results oLSear.cn: 
1) BRD· Search resulteCI in 0 projects with these key words 

2) A Rel50RTER search; Search resulted in 0 projects with these key words 

3) PUBMED Search 813109 

(b)(4) 
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IU. 

lV. Mllll ARY RElEVANCE: 
Mulitary personnel and their famiiies receive medical treatment for cancer, including clinical radiation. 
The development of age.nts for the protection of normal tissues during cancer radiotherapy would allow 
the use of higher doses of radiation which has been shown to improve the level of tumor control and 
cancer irradiation. The goais of this research are consistent with improved cancer treatment in military 
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personnel and their families. 

Addillonally, the Department of Defense is prepared to execute military missions within radiation 
environments, to manage radiation crises associates with terrorist activities. and to manage 
consequences .in the event of nuclear weapons detonation. Recent studies indicate that there is an 
unct~aslng risk of exposure to ioniz:lng radiation (IR) to military personnel due to increasing terrorist 
activities, Including poteifltial usE1 of stolen nuclear we!i!pcm~ or dls~ersal of radioactive material in 
a ''dirty bomb1(b)(4) I Sectruse of potential exposure of military 
personnel to rsdi111tloh, tM DoD is committed to protect members of the Armed $entices from the 
adverse !health effects of ionizing radiation. High dose IR causes short term, acute injuries including 
hennatopoetk and GI syndromes, However, t>oth high and low dose IR (i1is may result frcm a radiation 
dispersal device} can caus~(b)(4l I as demonstrated b~ Jael!lnesei atomic bomb 
survivor data as well as accidental e:xpoi;ures to Russian populatlonsa.l(b;;..i).._(4~Q-................ .....-........ _.. ........................ ~ 

l(b)(4) !While early ·effects of radiaticm injury now have treatmenil prophylactic ~trategi@s, thti ttalayed 
effects currently have no treatment. Lack of treatment for late effect~ of radiation, lncludlngl(b)(4) 

l(b)(4) ]will likely lead to delayed morbidity and mortality for personnel eX'posed to IR. .................... _ ___, 

The De,partment of IJefense (DoD) Chemical and 6lological Defense Program 2007 Annual 
Report to C0n:gress, Chapter 2. 7.6 Medical Radi<>logical Defense. addresses the requirements for 
me development of redioprotectants. This priority is outlined for the deveh·:r~ment of rotec1ants for 
bot:h acute and dela}'ed radiation in\1~~. wtlb_c;1n_em _ha~ls_on b 4 tcordinQ to 
th'is report; the mitigation of b 4 is a major research thrust area. 
This project is also ·designed to inv@stigat@ mechanism(s} of prot&ction to aid in the development of 
such agents. 

V. MATERIALS AN[) M1ETHODS: 

v .1. EiP1tittlWi1.taLOeslgaJHtd General Prqcedure.s: 
lhe g~at of t~is project ls to investlgat0e th~ pmtectlve effects and mechanisms ofi.:.l(b..:.)(.:...4.:..) ~~~ 
for rard1atlori-1111ducetil(llk'l) !11'1JUfies, 
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l(hj(4) 

Exp~!iments 1-S: Effect o*b) bn radiatitJn•inchJcedj{b)(4) 
in C57L mice. --------------

(b)(4) ...... ·· O mice per group) x {2 treatment groups) x {1 time point) =IE]mice-.. .... . .... ................ -.................... jb,)(1L 

endO'otm· The final endpoint for the experiment is0 aays ...... Mioo di~play.ing ... otrvlous.d.yspoea, .. .!~)(4) 
.!filbfil ·, ~. mother markers of morbundir aM which a_ e~r to be in distress will be eutnanizea. 
(b) 4) The scale for pain or 
lethar;gy Is attached. Mice scoring a total ·of 12 ul'lder any measurement will be euthenized. 

Not~: J·f tna Pilott Stuciy for survival does not supptirt tile hypothesis~l<b .... ) ... (4 ... ) ............. --.... ....... --....-................. 
l(b)(4) !Experiments 2-.4 Will not be conducted. We will consult with the USU IACIJC for 
. the posslb\llty of conduciing Experiment 5 NJ determine the mechanistn for the lack of protection of the 
l<b)(4) I 

j(b)!4) -
_Qooe__'li\le have establlsheCI tn.e efficacy o~or protectlng mice fromlibH4) 
- 1_4 - - d - • ' • . . 

·o 4 wo groups 
o mice w11i be stUJGI ea: 1 +ve cle (control) and ) IR exper:men.tal ... 1::: .or.J.ilese .$i1JdJ~;1.. (b)(4) 

(b)(4) ........ wa.wm req1.lim0 mtce per group in the radlaUon groups. We will Include controls wlth O anlrnaJs .... :.:.·(.~)(~L:· 
per group: 1) Sham IR + vehicle and 2) Sham IR. 

Radiation groups 
(b)(4) ......... ···f~-~e jper group))( (2 treattlH~~t groups)( (1 ~'!'e point) x (3l(b)(4) t adiation levels)= 1(6)(4) 
(b)(4) ...... , .. b ·4 . ~G~~ex~r.ilment) .. x.(2 .expefiments);; ice 

Control groups 
(bJ(4) ....... Onice 1per group) x (2 treatment groups) x (1 time point) i(3nice ........ . ' ,. ....................... ................. (b)(4) ....................... ... 

Endpoint: ihe final endpoint for the experiment ls~ays··· Mi~.e .. dl.sp1ayfng .obv.io.us d.yspn~~4) 
~' . or other markers of rnorbundlt · and which a ear to be in distress will be euthanlzea~ 
(b)(4) The scale for pain or lethargy is 
attached. Mice sconn;g a total of 12uncl~r 1any measurernent will e euthanized. 

V.1.3. E1<petJme1u 3 SUi'YiYliUromJ1attionate<f-d0$e jrr.adii!itiQn l<b J( 4) I 
Humans receive raaiati.on for c-anoet treatment in fractionated doses. our preliminary studies will 
urnize sin;gle doses of radiation for the induc·tion ofltblf4) !injuries. Once we have established 
~he efficacy o~or the protection oQ(b )( 4 ~issue against radiation injury from single high doses of 
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radiatiion, we will 1investigate the use o (b){4 or mte,r;tion against fractionated rtldlatlon. A scheduie 
(b)(4) . ,,,,,, .......... :ofJrn~tuo.natoo radiBtion, usinflmctlions o {b)(4) given equaUy spaooctaai.~~ ~v_fil ~l 4 

days, has lbeen dEHnons1ratedln a murine model to be ·effective for the induction Qf r.adiatio (b )( 4 J 

inj11Jries l(b)(4) I We will utilize two treatment groups: 1) IR +vehicle; 2) IR+ (b)(4) 

Rb)ln\ce per group) x (2 treatment 1grou~s) xt time point) ~l(b)(4 ) 
(b J( 4) -.......... - .... ~lce/e:xperiment) . .x.(2 . ..experiments) mice 

Endpoint: The final endpoint for the experiment isD:;ays .. Mioe disi;}laying .ob~i.ou.s . dySP.1!~~ . (b)(4) 
letlhar; • or other markers of morbundi and which a ear to be in distre-ss Wiil be euthanb~ed.l(b)( 4) I 
(ib)(4) The scale for pain br lethargy is 
al1ached. Mice scoring a toltal of 12 1.maer any measurement wll oo euthanized. 

e · 1nvest19a e ,,._.. ... d;:.=i:o:li'e=..:"""""..1o1..~~~;,:.o,.:;~~...:.lll0-w.:ir.:.~===a...,........_ __ ...... .i.a..1.1.1.1.1.-. 

determine leveis of (b (4) 
............... _________________________ __, 

(b)(4) ,, ..... th.!~ .. e.xparim_ent we .wiJl,require Dnl.,....,~~=~ 
(b)(4) ,, .... ,, .. sham LJ 3) IR+ vehicle; 4) IR 

(b)(.4) ............. Qiice per group) x (4 treatment groups) x (1 time point) =l(b)(4) 
(b)(4,) .• ,..:.::::::·~icef~>.<:Pe.rime.nt) .x.(2 experiments) =CJnice ----

IE111dpolnt: Tne finai endpoint for the el<perlmenl lsD:iays. Mioe·displaying obvmus .. dyspne.a . ....... J~H.~). 
Jletb.ar _ :._0Lotboet J111ar.Kets_ol.mol'.b_undltl aatLwbieb .. o _ JcL i. r will be euthl11nizea. 
(b) 4) The scale for pain or 
· lletnar9y 1-s attached, Mice scoring a total of 12 under any measurement will be euthanlzed. 

lb 4 

,._~---i----~-~-~-----~--- For this experiment_w..e_wlll require only 
(b)(4) .. . . and we will eiramlne 4 groups: 1) sham+ vehicle; 2) sham ~3) IR +vehicle; 

4) IR 1(b)(4) he experimeni wm be repeated because it is a generally accepted principle of the 
scoentitoc methool 1hat experiments must be nepeated to evaluate a hypothesis. 

(b)(4) ...... ·_·~ ..... &i~ per gro.up) x (4 treatme~t group~ ( (4t~e points) !'j.._16=") .... (4 .... ) ===" 

(b)(.4) , ,,--:::.::: .. ::'.Dm1~1:=.!~~p.enr.neot}. .x . (2. expemnents) - mice 

Endpoints: Endpoints for the experiments wlll oe l(b)(4) ba'ys. Early time points will be 
taken if any animal exhibits signs or symptoms of morb1d1ty or moribundity. Such animals will be 
euthanized at the time of observation, 

.Cxpetime_nts_6-7:_Effect o~(b)(4 bn rradiation-il'ildui::etJl .... <b_)(_4_) ________ _. 

V:L§. Exrpenimernt 61@{4fbrot&djon am11nst!ib)(4) 
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irr~diaUon . We will use t\Aio 1groups: 1) IR + vehide; 2) IR ~or this elCperiment we will us~(b)(4) 
animals pe:r group. 

(b)(4) ..... <CJ!,ice. per group) lC (2 treatment groups)~ time points) ==l(b){4) 
(b )(4) . ··"'''' ,,~.!.~.~/.~xp.er.iment) .x. (2 experiments)' ·=t.:.Jnice 

Endpoints: Endpoints for the exper,iments will bel(b){4) bays. E.arly time points will be 
tak,en if any 1animai extnibltis signs or symptoms of morbidity or moribundity. Such animals will be 
euthanized at the time of observation. 

b 4 

~..;...;..~~ ....... ~....-~----~ ...... ~~ ............. ~For this experirneni we will reql!lire onl . iG'e!. .. ............. {!?.).(4) 
--"!~"""'- a .n we wr eKamme gmups: s am + vehicle; 2) sham-fillliI]3) JR+ vehicle; 4) IR+ ··· 
(b)(4) !he experiment will l:re repeated because it is a generally accepted ~rint:iple of the seientific 

method that experiments must be repeated to evaluate a hypothesis. 

(b)(4) .......... O!!iice per group) .x (4 t11eatment gtoupsy (4 ~me point.s) = j(b)(4) 
(b)(4) ,_.,,,,: .. '.. Om.i.<;.~fe.isP.edment) .)( (2 .. expetiments) = .... ice 

Endpoints: Endpoints for the experiments will bel(b)(4) ~ays. Early time points will be 
taken if any animal e)(hibits signs of symptoms of mor:b1dity or moribundity. Such animals will be 
eutl'ilanized at the time of observation. 

V.2. Data AnalY§js: 
Mean with 's~andard error, or percentage wlil be reported if appl'ic;able. A significance level is set 
at 5% for each test. All statistical tests are two-sided. A statistical software, SAS will be ·used for 
statistical analyses. 
Experjmenls 1-3: Anatysis of variance (ANOVA) wlll be used to detect Signlfican~ difference 
among the gr:oups. I{ significant, then the pair·wise comparison by TuQe ·-Kramer wm be used to 
identify which group is different from the other. For experiment 2, N · i£e .per .. group c.ou.ld ........... (~)(~) ... 
have 80% power to detect any sign~fiicant difference betwee:n groups i any. ghien type I el'fo'r of 
5% and de!lta/sigma has at least 1.4, where the delta Is ~he estim2ted mean differences between 
the two groups and sigma is the pooled standard deviation of the two groups l<b)(4) I 
Experiments 4.5.Z: Previous data 'from this laboratory indicate that the coefficient of variation {CV) 
of the data is ab~ 0.5, and that differences of between 2- and 30- fold are likely to lbe observed. 

(b)(4) .............. ».sample size oU per group 'Willl have 80% power to detect 3-fold increases in biomarkers !based 
on a fognormal 't test With a !;\% two-sided siglilificance level and a CV of 0.5. 

Expecimentt 16: Previous data fr.om this laboratory indicate tha·t the coefficient of variation (CV) of 
the data is abq.w,0.5, and th~t differences of between 2- and 30- fold are 11kely to be observed. A 

(b)(4) ................ samplesi:ze·ot_j;)er group will have 80% power to detect 3-fold Increases in biomarke:rs based on 
a lognormal t test with a 5% two-sided significance .level and a CV of 0.5. 

V.3. laboriatory Arnlmials Required ancll Justification: 
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II" or the last 9 years. we have uti~i;i;ed primary cell cultllre systems to examine antl-apoptotlc mechaillsms. 
!however. we must determine whether our cuiture findings are relevoint in whole anlmais. We wiU continue to 
1use primary ceii cultu ~e whenever possible to avoid unnecessary use of animals. We have also considered 
computer rnodeis as alternatives to animals. However, this alternative also lacks the knowledge Mse aM 
complexity needed to ·evaluate radioprotective and radiotherapeutic agents. 

V.3.2. Arnima!IJModel a1nd Species J1J$tifiatlon: 
Tissue culture condlt'ions :ca11not ftJHy substitute for the complexities of whole organisms in 
response to rMiatio·n injury. Such injury involves the intera~tions between the hematopoietic 
system and other organ sy~ems. In ordtit to develop viable treatments for humans. we find that 
our researc~ mu,<;t be 1!jg0tlucte.d Iii whale mni@ls 

Work bJ(b )(S) ~lso advocates the mouse as the best species to 
use for radiation protection and radiotherapy prottJcols: 1) mice provide tM least sentient species 
available whose resrPonse to radiation has been clearly identified. with physiological responses 
to radiat·ion and radioprotectants that are similar to human physiolog.y, 2) extensive literature is 
'available on responses of mice to raalatlon and countermeasures, :3) more reagents are avaiiable 
to study the relevant cell types and molecules in mice than in any c:ttMr species e)(~pt humans, 
and the availability of transgenic and knockout mice - :- h. · odel xirem · ti - - - , I - for 
further research into molecular mechanisms. end 4) ( )( have 
e;<tens~ erlence with this model in radiation injury ;rnd radtopmreet1on research b 6 -----(b )(6) 

e strains Cl mice to be utilized for eact\ pol'tion of the study are based on the literature 
and on findmgs from our own laboratory. Straln C57L mice have been demonstrated to have 
pattero1s of radiation-induce~{b)(4 liniury similar to that observed in t11.1mansl(b)(4) 
Our laboratory has found !hat C57BU6 mice have radiation-induce~a .. m- a"'"g-e- s ... i-m"'ha- r""'t-o"""th,..a-t__, 
repo·rted in the literature for humans. 

v .3.3. Laboratory AnJlmals 

V.3.3.1. Genus & Soec1es: Mus masct1l11s Mus musculus 

V.3.3.2. Strain/Stock: C57L CS76LJ6 

V.3.3.3. SourceNe1nd,p..r: ._l<b_)(_4) __________ ___. 

V.3.3.4. ~: 

V .. 3.3.5. Weight: 
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10-14 weeks 

Normal aduit weight range 
for this strain. 17-~1 g 

10-14 weeks 

Normal adult weight range 
for this strain: 17~21 g 



V.3.3.6. Sex: 

V.3.3.7. S1oetial 
Conslderatjo10$: 

Female Only females 
will be used in this study 
for the following reasons. 
1) we have so far utilized 
female miee to lay the 
foundation of our studies 

~~~:l:lil:.:;;::.::::::i:::::;:::.~;z~;;~ for r;:iC1iation·induced ,,__b .... 4--. 
b 4 

injuries, -ecause o 
long Musing periods, it 
is advantageous to use 
female mice that are less 
aggressive toward each 
other. 

mjunes, because o 
long houslf\~ periods, it 
is advantageous to use 
female mice tMt are less 
aggressive ioward each 
{)th er. 

Commercially procured animals must be adventitious 
disease free. Mice- Pathogen-free. Including 
f>seodomonas aeroamosn, and Pasteurella: All 
mice need lo tJe free of the following agents· Sendai, 
Pneumonia Virus of Mice (PVM), Reovlrus~3 (Rea 
3), Mouse Adenovirus (MAD·1, MAD-2), Mouse 
Cytomegalovirus Virus (MCMV). Ectromelia, K 
virus, ~ymphocytit Chorlomenlngltis Virus (LCM). 
Epidemic Diarrhea of Infant Mice (EOIM), Hanta&n 
virus, Rotavirus. Mouse Parvov1rus (MPV), Polyoma 
Virus. Mouse Minute Virus (MMV), Mouse Thymlc 
Virus (MTV). Theiler's Mouse Encephalomyel1tis 
Virus (TMEV/GOVll), Encepnaldozoon cuniculi. CAR 
bacillus: HellcoOOcter spp. Mycop/asma pulmonis. 
and Clostridium piliforme Endoparas1te- and 
ectoparasite-free. 

V.3.-4. N.wnber of.Animals Reguired.(by Specjt$)! O cs7L DcsTBL/6,,,,,"''"''.""""'""""·~"''""·- (b}(4) ~ 
V.3.5. R~'f!nement Reduction. Replacement (3 R$l: 

V .3.6.1. 1 - : Animals demonstrating moribundity due to radiation exposure .. l(b.l(i..;.4._) _ _, 
(b)(4 will be considered to have arrived at the study endpoint and will be Immediately 
euthanized (See sections V.4.5 Study Endpoint and V.4.6 Euthanasia). 

Ketamlne/xylazlne anesthesia wiil be used during X-ray irradiation to prevent stress from the 
'lime the rnice are placed in restraint. Under the training protocol at AFRRI inconjunction with 
the AFFIRI veterinary staff, we found that in female CSA or C578L/6J mice. - 12 weeks old, i.p. 
injection of 150 mg/kg ketamine lus i a m -ik - lazme results in a minimum of 40 min anesthesia 
with no morbidity or mortality (b)(4) We will use a healing pad to keep mice 
warm during the period of recovery mm anesthesia. The temperature in room where the mice 
will be irradiated will be measured, and if necessary a space heater will be used to increase the 
temperature. Standard lntrapetitoneal injection methods are used for injection of the anesthesia, as 
recommended and approved by the AFRRI veterinary staff and for which all laboratory personnel 
have received training at AFRRI. 

V.3.5.2. Reduction: 
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Whenever possible. co11trol groups will be shared between experimental ~roops for our 
,experiments. Tissues wll1 be colleded for multip!le assays from the same animals further reducing 
the total number of anima1ls needed. At every stage of the research, planned experiments will 
be reevaluated. in an attempt to reduce the numbers of experiments and eliminate repeats of 
experiments where statistical significance has already been obtained. Forfifilmrradiation studies, 
each animal will be able to prov1ide its own control tissue from the non~irradiated area, Preliminary 
results from our laboratory demonstrate ~hat tissue from the abdominal region is normal under our 
experimental conditions. 

V.3.5.3. Replacement: At this time, it is not feasible to Lise non·animal systems in place of 
an!imal models ~o ac:tdr.ess tne research questions in tl1is protocol. 

V.4. technical Metlm.d§: 

V.4 .. 1. faln_LOls_trus Assns.m.mt~ 

V.4.1.1. APHIS Form 7023 Information: 

V .4 .. 1.1.1. ttumbe1 o_lAnlmals,: l(b)(4) 

V.4.1.1.1.1. Column C: 
V.4 .. 1.1.1.2. Column_Q: 
V.4.1.1.1.3. Column E: 
V.4 .. 1.2. Pain B~lief I Prevention: 

V.4.1.2 .. 1, Angathe1ialAnalloesi1lI1j;mgui112at1on: 
We will be unable to use generel analgesias since tl1ey have effects on (b)(4) function 
~Mt wcuJrHoJeJleJJLwltltitL~ Interpretation of our result.s i.;.(b...;.).:..4..:.) ,......,..,....~~,....,,....,..~....,.~~~ 
(b)(4) Some sed;ativ·es hal/e been reported to contribute to postoperative 
b 4 which ~lkely reducq some functions of radletioo. For C57BU6 mjce exoos~d 
to b 4 rrndiatlon t•o induce radiatlofi(b)(4) I ........ .;...;..~~~~~~~~~~~~~~~~--' 
daily on animals displaying radiatioti injury to alleviate cliseomfort and to prevent Infection, This 
agent is also used for humans, 

An anesthesia protocol has been developed for use during the X-ray irradiation. Ketamine will 
lbe used with xytazifile for longer anesthesia in mice to be place in restraints fo~(b)l41 !irradiation. 
Under the ~raining protocol at AFRRI in conjunction with the AFRRI veterinary staff, we fauna 
that in female C57BUo and CSA mice, -1'2 weeks old,i.p. injection of 150 mg/kg ketamine plus 
18 mg/kg >ey!azine results in in a minimum of 40 min anesthesia (25 G needle) with no morbidity 
or mortalltiyl (b)C4l _ I We propose to use this range of concentration of anesthesia. 
together with a nesting pad to keep mice warm during the period of anesthesia. Standard i.p. 
injed ion methods are used for injection of the anesthesia, as recommended and approved by the 
AFRRI veterinary staff and for which all laboratory personnel have received training at AFRRI. 

V.4, 1.2.2. P1re· and Post-.procedura! (not surgery) Prc>visjons; 
Animals will be housed and cared for as described in Section V.5. Veterinary Care both before 
and afterr dose admlnistratiot1s and irradiation procedures. The Pl and research staff Will monitor 
,an1mals after radiation or sham irradiation dl!lring anesthesia recovery. The Pl and research staff 
will also monitor animals daily fol!lowing radiation exposure, and twice daily during critical periods. 
Otherwise, the animal's will receive standard veterinary care in the USU vivarium. 
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V.4.1.,2.3. flaralytlcs ; NIA 

V.4.1.,3. Lite1rabJre S-ea~hJor Alteil'la~iY.es to Painful or D~stressful Procedure&: 

V/4.1.3.1. 'Sorurcas Searched: DoD Bloedical Research Data Base (BRO). NIH Reporter, 
Pub'M~ID 

V.4.1.·3.2 .. Oate ofSearc:h: 1130114 

V.4.1.l.3. P1rj·od of Searclh: Search covered published manuscripts from -1965-,present 
('i3RD search included all available years 1998 ··2014). 

Y.4.1.3.15. Results- of :Seatc~b: 
i he llte:ratur·e searoh 1revealed that at present. there are no alternative pmt;edures :for irradiation 
iJecause its effects cannot Ile otherwise duplica I me -se _ -i ion 'has tJeen 
demonstrated to reduce pain in 'laboratory mice ( )(4 rutd_JUU!LOOJIDln 
humans r~portet! to alleviate cancer r·elated bone pain .... b.;..u.4_,__ __________ _.. 

lrb>C4l I A recent 1repo.rt showed that admirnis~ration of bolul0n1.m1 t•oxin A was efif~cth1~ for 
rM uetjPO pt Qf!iQ and mu~cle is;r;sms rHter ellnieal t·3<:ilataon fm ttreatment at mmorsi.~(b;;..:)~< 4~)~~...i 
l(bJ(4) j\ppHeal!ion of nan.rral honey 20 min prior to radiation expo~ure 
wa:s al,so shown te1 .reduee ml!co~itis with assotli led pain in humarns foilowing head/neck 
radiotherapyi(b)(4) I it has not !been determined whether honey acts as a 
local -~adioproteci~nt. Spinal eord sJlmula1~orn !ti.as ei lSD been reported in humans to alleviate pai~ 
resl!Jlting fir om orad1otherap)' l(b )( 4) I h'i5'W~1'~r, this method wo~ld not be practical 
ior use in mice ~1oouM~ •Of the exten~nve 'S9inal cord mt:lnl;pulation required. Human adrninistration 
of morphine also relieves pain l<bH4l I but filgialn this woUJld not be practical for 
mice in our experiments becatJse 1o'f -side effects of tfh~ dmg. In humans. exposure t~wlb.u;Vi.::a4,,_) _ __, 
irradiation may induce vomiting and e.iliarrhea. causing pain and distre~owever, mice are not 
susceptible to vomiting, i here are ino reports regardling the effects otL..Jon·pain ingeneral. or,,, .. _(b)(4J. 
radiation-induced pain. 

rradiation to avoid stress from r0stmint. ,""b,..,.,..4,.,.... .............................. ..., 

__ we will be unable to use .analgesics after frradlat!on 
1.1os~\l'\u.c.;.i.e-:t-:-tn-ey-, -:-ha~-v-e-e""'.':ff:::'"e-ct".:"'.s~o-- ,...b!'!'4'!'!"'"---m1runellon t'hatt would Interfere with the Inter retation of 

b 4 

ain w 1 be eva uate using severn stan ard 
indications nt u iflg: grrmae1:ng, abl'lorma reathing. hunched or ·f1Juffed fur ~nd inadiVity, 
or ataxi'li . In expeniments where lissa.ie collection is needed, an'irna'ls will be ell'thanized with 
pentobarbitol prior 1o sample collection as described 1n Section V.4.6.. We will utilize the :attached 
st ore sheets to pr:ovide a scale tor measurement of criteria for euthanasia. 'Soore sheet will !be 
used daily after irradiation. During critical periods, animals wi111 be monitored twiee da'ily, and during 
the second monitoring score sheets will be updated if necessary for tl'l'at day. Any animal scoring 
12 or more total ·on the score sheet W:\11 be eU.thanized_ In experiments where tissue collection 
is needed, animals w.ill be euthanized w~h pentobar:bitol prior to sample collection as described 
elsewhere. 
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V.4.2._p1-olon_ eJ:U~e_sttai ~ 
b) 4 1rradiat1itil'TI will r,e-uire re-~tr~lnt in designed jigs for - 20 min to receive X-ray exposure 
b 4 animals will be anesthetized durihg this period (see 
Anesmesia aoove) and tt::1lls wlll b0 ·taped to one side with surgical tape. The jigs f'or use during 

Hb)(4) linadiation w~r~ examined and ;approved by the AFRRI Veterinary staff. An ima~e of the 
Jigs is attached. Under the training protocol at AFRRI in conjunction with the AFRRI veterinary 
sta'ff, we found tttat in female CSA and C578UG mice, ""12 weeks old, i.p. injection of 150 mg/kg 
ketamine plus 18 m,g/k9 x~la.zine results In a minimum o~ 40 min anesthe~ia_ (25 G needle) with no 
morbidity or mortal1tyHb)(4 !The len~th of time for anesthesia 1s needed to ensure 
:that anirnels do not regain consciousness while being positioned in the lead shield for irradiation< 
Positioning of the mice must be done carefully to ensure that all animals receive the same 
exposuN~s .. We propose to use this range of concentration of al'lesthesia, together with a heating 
pad to i«eep mice warm during the period of anesthesia. Standard i.p. injection methods are used 
for injection of the anesthesia. We propose to use this range of concentration of anesthesia, 
together wlth a heating pad to keep miee warm durirtg the period of anesthesia. AFFRI Veterinary 
1staff provlded training and supervision for the placement Of anesthetized animals in the approved 
jig's tor irradiation. 

V.4.3. S'Ytge.ry: 
V.4.3.1. ere-s_urgical e,rovislons: NIA 

V.4.3.2. PtQGetture: NIA 

V.4.3.3. e_ost:Surgic_aLPro.vislo.ns: NIA 

V.4.3.4. Location: NIA 

V .. 4.3.S. SutA-ean: N/A 

V.4.3.6. Multi.pULMajor SUrYi'lial Operative Procedures: 
V.14.3.6.1. Procedures: NIA 

V.,4.3.6.2. Sdentlflc Justlfie,ation: NIA 

V.,4.4,. Atnimal 1Manjpylatijons: NIA 

V.14.4.1. Injections: 
lntra~perltoneal Injections of pentooarbital for euttu1nasla 0.01·0.02 ml/mouse Fatal Plus (39-
78 mg pentobarbitt11/mouse), will be performed with a 25 G needle, l.p. injection of 150 mg/kg 
iketamine plus 18 mg/kg xylazine will be done using a 25 G needle. This level of anesthesia was 
first developed for ,our use 1in collaboration with the AFRRI Veterinary staff and shown to effectively 
produce non-lethal anesthesia for in a minimum of 40 min Hb)(4) I 

l(b)(4) 

V.4.4. 1. 1. Pharrnaaeutical Grade Drugs 
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V.4.4.1.2. Non..Pharmaceutical Grade Drugs 
None. 

V.4.4.2. Biosamroles: 
All lblosample;s wall be t~keri after eutha01asiaJ(b)(4) ~II removed en bloc~ill be rerno11ed 
from thel(b)(4) . )as control tissue. All other tissues will be available 
to other resea,rcMrs for tissue sMring. 

V.4.4.3. Adjuvants: NIA 

V.4.4.4. MooocJonaJ ~otibody (MAbs} Production'. NIA 

V.4,4.5. A1nimal llde111tlfication: 
All cages will have cage cards ldentrifyill"lg the 1reatment groups for each experiment. For 
experrirrH:mts 2 and 3, each animal wotll'iin a cage will receive ear punches for individual 
lderntiitkation (1 = no cut: 2 =right ear upper corner; 3 =left ear upper corner; 4 =both ears). 

V,4,4.6. Behavioral St1Udies; NIA 

V.4.4. 7. Other Procedures: 

l(b )( 4) hnadlatioq 
Tlhe methodology fo~...,(b_)(_4_) -Irradiation of mice including approval of hokling jigs and 
develooment of anesthesia was developed in conjunction w1ith the AFRRI \le:tem.iary~StafL 

l (b)(4) !irradiation Will be rpenormed using the RS.2000 1rradiator i~(b)(6) I 
Thirty minutes prior to irradiation. the RS2000 irradiator and lead shield will be decontaminated 
thoroughly with MB10. 

Mice wlll be anesthet'1zed by injection in the USUHS LAM facility, Anesthetized mlce will tie placed 
in vent ilated L!ucite jigs, W:h1ch restr;ain the animals to prevent lateral or vertical movement. Tails 
will be taQed to prevent any forward moti'on of animals. Mice will be ijrradiatea atj{b)(4) I 
to deliverlrbl(4) lrratliatlon. The temperature in room Where the mice wlll be irradiated 
will be measured, and if necessary a space heater will be used to increase the temperature. 
iFoUowing radiation exposure. mice will be immediately returned to the LAM and allowed to recover 
from anesthesia under supervision with heating pads, Immediately upon recovery. animals will be 
1returned to standard cages that house 4 animals per cage, Lucite jigs will be sanitized after each 
•use. 

Ear punch 
The ear punch will be soaked in alcohol to disinfect it before use and between animals. fhe device 
will be !Placed on the pinna of the e.ar ( e><lernal ear) in a :1ocation where the mouse will be marked 
for 'ident'1fication. The punch will be pres'Sed firmly ~o punch a circular hOle throi.Jgh tne ear, being 
.careful not to rip the delicate membr.ane of the pinna, The e·ar will then be gently separated from 
the device .. The ear punch will be deaned and disinfected in alcohol before use in another mouse. 

V.·4.4.8, Tissue Sharing~ 
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For most studies,l(b)(4) kissue will be obtained. All other tissues will 
be available for tissue snaring with other investigators. Our Jaborn1ory has made extensive use of 
shared tissl.!Jes for training alfld technique development tor@R!)tissue. 

b 4 Early endpoints will be used tn the case of morbidity ana 
morbundity. Speeifle health es~essment criteria including ratild weight loss, ruffled fur, dried 
llacrimal filuid accumulated 1in the cul-de"sac of their eyes, are cool to the touchL_decreased 
appetite,_dehydr:ali,on, diarrhea, difficulty breathing or panting.,.Hb.;.i;)..,(4./.)_,_iiiiiiii,___ __ iiiiiiii_iiiiiiii_ ...... 

ICb)(4) I or hunched body position will used to determine early study endpoints for eutr1anH1a, 
The ·experlmenlal design does not contemplate supportive therapy, and Mimai~ exhibiting these 
signs may be euthani2ed, and considered to be at the study endpoint. 

Followingl(b)(4) !Irradiation .• mice may exhlbit injuries from th ....__,.._..'."" 
the first week postirradlation, Also; mice are ex~ec.,..t:":"eci .... ...,to......,de .... v ... e ... lo~ ...................................................... .,_ _ _. 
postirfadiation. During the critical time perkids (b)(4) -tiy~ 
postirradiation), mice Will be monitotea by the Pl or other members af tM irwestigative team at 
least twloe daily; early morning and late afternoon including weekends or holidays. 

V.4.'6, Euthanasia: 
.Animals will be (;)Uthanlzea at the statee1 endpoints of the experiments by Lp. injection of ml/mouse 
Fatal Plus. PHS policy is intfaperitoneal injection of at least 200 mg/kg sodium pentobarbital 
1euthanasia solution: 1Fata·1 Plus: 390 mg pentobarbitoll1 ml. 

1 ml/j9() ml x 0.:02 kg/mouse x 200 mg11 kg= 0.01-0.02 
IP Will be performed using :a 25 G needle. (Please note that Euthasol cannot be used a~ additives 
have effects otirbMl - I We do lli:rve Fatal Plus for these experiments.) Euthanasia will be 
confirmed by cervical dislocation, Animals which appear to be experiencing pain or distress as a 
result cf radiation exposure or are found moribund will also be euttianlzeo by pentobarbitol ana 
necr,opsied. At the end of experiments, unused animals Will be transferred to othet proto~ols 
·Or euthanized by exposure to 100% C02 from a compressed gas cylinder in accordance with 
the current American Veterinary Medical Association (AVMA) Guidelines for euthanasia. 
Exsat:iguination, cervical dislocation, and/or 1pneurnoth6raJ< will be used to ensure euthanasia. 

V.5.1. Husbandrv Cornsidetations: ~outlne animal husbandry will be provided in accordance 
with LAM 1-!usbandty SOPs for each species in this protocol. Mice will be housed 4 per cage. Food 
and water .ana !Rodent Diet will be available ad libitum. The 12: 12 hr (lights off at 6 pm) room light 
cyde is fine for all the studies. 

V.6 .. 1.1. Study_&.6.o.11:1! 

!Radiation Building ~l(b~)(~6':"'") -----.1 _ Room Number l(b)(6) 

IEuth.anasia Building ICb)(6) Room number _H_b)_(6_) ____ _.I 

V.5.1.2. Srpecial Husbandry Provlsions; 

Food Restriction: 

Fluid Restri<;tion; 

USU HS Form 3206- Revised October 2008 
PreV1ous versions are obsoJete 

Yes No x 

NOTE; Acidified Nb x 
water will De -----
provided to reduce 
infections after 
radiation exposure. 



Acidified water (pH 2.5- 3.0) is produced at AFRRI for their vivarium using 2.0 N HCI. 

V.5.2. ~e..te.rioacy_M.edlcaLCare: 

V.5.2.1. Routine Yeterina1ry Medical Care: 
Experimenh1i animals will be observed at least twice a day by one of the study investigators or 
technicians. LAM personnel wlll also monitor the animals twtce a day during their rounds. As 
described in another section (study endpoint) morbid animals will be monitored at least twice daily, 
morning and afternoon. The e1Cperimental design does not contemplate supportive therapy. The 
justification for not providing supportive care has been described in the study end point section 
as well as in the pain eate.gory settk>n, Criteria to be used for health evaluation while the animals 
are oh study indude: ZO% welght loss compared with average weights of sham irradiated animals 

weighed every other day between daysl(b)(4) I-based on our e - erience with 
adiation in which animals can recover from -25% weight los (b)(4) 

u . • dehydretlon. decreased activity, and hunched body position. dyi.;.s_,p_n-eaiiii·,iiiioiiiiriiiipiiiiaiiiin'"'iniiiigiiii.'""' 
Animals e)(hiblU.ng these signs may be euthanized, and ~idered to be at tile study endpoint. 
Increased monitoring of C57l animals will begin on day~rrnugn re end Of' the experimet1t, 
based on our prevlollJs data that Indicated that monality from (b}(4) irradiation oeeurs between 
days (b)( ) . ostirrad\aUon. Increased monitoring of C578L/6 <mimals exposed toj(b)\4) I 
Irradiation for will be mDnitored between daysl<bH4) !when the most prominenift6Ic4> I 

ICb)(4) lis expected, In the event of debilitating Illness the decision to euthanize wili be made by 
the veterinarian and/or Pl. 

V.5.2 .. 2. Ernergerl!i\{ Vetetjt\arv Medical Care: 
All emergency, weekend, and holiday oare ~s provided by two animal husbandry technicians. one 
or more veterinary technicians, and an on· c-alf veterinarian. Essential husbandry procedures and 
health rounds are conducted by LAM personnel once daily during weekend and holldays. In the 
case of an emergency health problem, if the responsible person (e.g. investigator) is not available 
or if the investi,gator and veterinary staff cannot reach consensus on treatment, the veterinarian 
has the authority to treat the animal. remove it froffi the experiment, Institute appropriate measures 
to relieve sev,ere pain or distress. or perform euthanasia if necessary. 

V.5.3. Environmental Enrichment: 

V .5.3.1. Enrichment Strategy: Ail anllnals on this protocol will be provided with routine 
environmental enrichment in accordance with LAM SOPs and IACUC Policies. Examples include 
nestlets arnd tunnels for rodents: balls. toys and food enrichment treats for large animal species. 

V.5.3"2. EnricbrnentJ'.iestrictlons: neme 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 
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STUDY PE~SONNEL. QU1Abli=IGATIO'NSITRAiNlNG 
Ou<i1llfi~icms of -pefs()ri Specific trafining 111 mis 

Protocol actlvit~ or pertoifflln§ aGtivity (e.i;i .. CittMty 5t prtaGedt.!lre 
procedure (e.g., tail vein Narfte of ~r:Soi'I rese~r.oh t-etlhnie1::in, ~ (e.g • rodent i'lantilin21 
l1niections, euthanasla) oerfor:mu'iel aotivlt'I vrs excerienee) dMs 199~} 

!:alf punch, irradiation, (b )(6) 
ane~thesia. 

84 yea'rs (b)(6) 

euthanasia 

Ear punch; lnadlalion, :5 years 
anestne~la , 
euthanasia 

R,o,aernt Mnttlh'ig HJl• years 

AMs~hesla , 5+ yE!:3rs 
euthanasia,, lrradlatlon 

- - -

Vlt BlOHAZARDSlS.AFETY; None 

VIII. 1ENCLOSURES: Image of jligs tod(b)(4) :Jrradiation; pain score sheet; criteria for 
eutha:nasia 
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IX. ASSUIFU\NCES: 
As tn1e Principal llnvestiga~ot on this protocol, I acknowledge my responsibilities and 
provide assmances for the following: 

A .. Animal Use: The ·animals authorized for use in this protocol will be used only in 
the activities arnd in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to i1ts implementation. 

e. Duplication o·f Effort: I have made a reasonable. good faith effort to ensure that 
this pro~oool is not an unnecessary duplication of pre'Vious experiments. 

C.. Stafis,\ical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical desig1n or strategy of this proposal, and that the 
"minimum number of animals needed fo:r scientific validity are used.'' 

D. Biohazar0d\Safety: I have ta1~en into consideration and made the proper 
1coordi1nation regarding all applicable rulles and regulations concerning radiation protection, 
biosafety, tecombinant i$$ues. and so forth. in the preparation of this protocol. 

E. Train~ ng: I verify that the personnel performing the animal procedures I 
manipulations I obser\lations described in this protocol ate technically competent and have 
been properly trained to ensure ~hat no unnecessary pain or distress will be caused to the 
anima~s as a result of the procedures I manipulations. 

F. fll'ainNng: I verify that I have atternaed the USUHS Investigator/Animal User 
f 1rainin J Co·wrise. 

-PriMi 

(b)(6) 

f;J. I 0 ZuAp

Oate 

G. Trainling: The fol.lowing personnel will attend the next USUHS Investigator/Animal 
User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligati:ons associated witlh ~he pe.rformance of this animal use protocol, and I assure that 
all individ1uals a~sociated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to conduct 
this study in the spirit of the fourth "R" ~hat the DOD has embraced, na.mely, 
"Resp'onsibility" for implementing ainimal use alternatives where feasible and conducting 
humane and lawful research. 

4 .... (b-)(-S) ___ _,~narura 
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I. Pah1fu~ Ptocedur.e{s)~ 
I am conducting biomecilc:~l experiments wh~oh may 1potentially cause more tha :~ 

rn<>_!Jle~ry"Qf slight pain.or ;:Jisttess to animals. T~is (Potentla~,pain and/or distr~ss~ 
o(VVILL. NO~ be rrelieve~ witih the use of afilesthettcs, anatges~cs anttJ:or tranqmhl~rs. I 
H~rrsiiJlered altematives to such pmtedure·s; however, using tne methods and 
sources cJrescribed in the protocol, I hav1e determined that alternative procedures are not 
av:allable to accom - - - " I · ·. ·. of this prop:osed experiment. 

(b)(6) 
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X. P1ROTOCOL ABSTRACT~ 

A. Anima~ Protocol Number: 

~· Animal Protocol Title: ... l(b_l(_4_) -----~rolectlon from Radiat1tm·lnduce~(b)(4) 
~njuries in a Murine Model (Mus musculus) ..._ __ _, 

C. Principal lnvesti_gator:I .... (b_H_
6i ____ _ 

D. Performing 10rganization: Uniformed Services University of the Health Sciences 

h: 
(b){4) 

G. IJJ1Jextn . _T_ll_nns __ [le~_c_ri !to.ts_ :l(b)(
4) 

{b)(4) animals, mice ....._ __________________ ____. 
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X. EBQJQCQL ABSTB.ACT: 

A. Animal ecrotocoJ t•tum_~r: '-l(b-)(_6_) ___ ...... 

B. Animal Protocol Title: l(b)(4) hotect1on from Radiation-lnduce~(b)(4) 
j(b)(4 ltn1uries in a Murine Model (Mus"'m"'"'u"""sc"'""u.,.lu~s""') ___ __. ._ ___ _. 

C. PriJncipal 1·nvestjgator; ( ... (b- )-(6_) ____ __. 

D. Performing Or_gainization: Uniformed Services University of the Health Sciences 

E. Funding: NIHJNIAID 

F. "'' ··- " veand -'-:--:---- · ~ : 
(b)(4) 

G. -n 
(b)(4) 
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UNIFO:RMEID SEP{VICES UNIV~RSITY O~ iHE HIEAl.iH SCll~NC~S 
4301 !JONES 1Mi0G£ !ROAD 

BETl-tESOA, MAfRVLANO 20814-41799 

June 2, 2014 

M~MORANDUM FOR DR ...... l(b_)(_6> ______________ ___, 

SUBJECT: IACUC Approval of Protocol - Initial Review 

Th~ tollowin:g appJicnticm was teviewl!d and approved by the Uniforml!d Services 
University of the Health Sc'icnccs (USUHS) Institutional Animal Care and Use Coitunittec 
(IACUC) via Designated Member Review on June 2, .20I11: 

Animal Pn:>tocol Titlc:~nhibition to Mitigate Radfatio:n-lnducedl(b)(4) lin lhc 
l<b)(4) IMu~ Musculusr-----' ....._ __ __. 

USlJHS.Pr(lliJ<.'<1l 1Numbcr:, ..... l (b_)(_6) ___ _, 

Exniration Date: June 1, 2017 

Sutmotting Orant(:sJ Numbct:f(b)(6) 

Name of Prim;ival lrwcstlgatl1r: Dr .... l<b_H_B_) ___ __. 

The USU I IS has an Animul Welfare A•ssurance ion .file v.rith the Office for Laboratory 
Animal Wclfo.rc (OLAW), National Institutes of lleal~h (NlllJ, l lhc Assuranoe Numbor i~ 

l(b)(6) !The IACUC .approved the above referenced applicatioi;i as submille<l. 

An annual rcView is required for each of the three years of this protocol. This review 
must be comple·ted by 1tbe anniversary date of the 1protocol. If work is to be continued past the 
expiration date, a triennial rcvi1:w mus1 be ci.lmpleted pri'r~r H> tho expiration date in order for 
work ~a be uninterrupted. Prot:ocol expi.r:ation dat'es may not tbe extended. and no animal ·work 
may be done without an approved protocol. Ahhough tht IA CUC may send reminders, it is \the 
investigator"s responsibility to submit ,an annua4 irevJew iom1 (form 3206A) at least 30 days in 
advance, or a new Fonn 3']06 for trie1mial r1:vkw at least ·60 days in advance of·expiration. 

Prior to pllac~ng your first anima~ order, please contact JMAJl(b)(S) ho schedl)J)e 
a pre-protocol iphiirniog. tr1ee~ifid(b)(6 ) !This meeting must oecur to en 6'\!J.11e ruri.c.nat nwnbers 
arc :loaded in ithe CART system and LAM resources are available to meet your needs. 

L)(S) I 
j(b)(~ !Ph.JD. 
C~irr, linstitutfona.1 An.imaJl 

Care and Use Committee, USUHS 
cc: 
Office of Researc;h 



USUHS FORM 3206 
ANiMAL STUDY PROPOSAL 
PROTOCOL COVER~- ~........___--=-~""""" 
e.so_r_o_C_O_L_NJJ__M_ElEB: 

lAC\JC Date Stau·11p 

PROfOCOl Ti'fLE: (lb) 4) 
l(b)(4) l(Mus mursctdus) 

n:hfibit~on tio Mitigate Radiation-lnducea,_l<b_)<_4> __ __,tn the 

GRANT Tll.LiE ' if dlftere_ot_tt_olfJ_a_b_QY.tC l(b)(4) fnhlbi~ion to Mitigate IRadiation-
llnduced ib)(4l 1n Vivo, 

USUl::IS~R.<l_J_E:_ClltUMBER; ._l<b_J<6_) ___ ~ 

FUNDING AGENC"': IUSUHS Standard Grant 

EARl1JEST At4TICiPATEO FUNDING START OAfE~ Dec 2014 

m:P~R~~N=C=IP-=A..:.:L;:;..;1:;;..;;N..;:.;VE=S;:;..;T,..1G~A..i..:T_o"""'R~! ·Llfo_l{_6) __ __JI Ph.D. 
~)(8) 

~ef )~ i!o/Y 

Chair ..... l(b)-(6) ___ 1 Y. /Ji, /14 
TelepMn~ Dale Title 

S.IAilj;JJl.C.A_LJ~E.'l.U~W: A person knowledgeable in biostatistics reviewed this 
proposal lo ensrure ~hat 'the n:umber of anamals used 1is appropriate to obtain sufficient 
da'fia and/1or is not excessive. and the statistical design is appropriate for tlhe intent of the 
study. 

(b)(6) 
l(b )(6) 

Deµantment Telephone 
/w#2"'~ 
'oate 

ATT1ENIOING VETERJNA.mAN: In accorda:nce with the Animal Welfare Regulations, 
the Attending Veterrinaria!Fl was consulted in the planning of [procedures and 
manipullatio:ns that may cause more than slight or momentary pain or diistress, even if 
reliev·ed lby ,ar11eslhetics or analgesics. 

l(ro)(B) 

Atte1nding/Corns1.111tin Vet:eirinanan Sil nature 
Typed Name: MA (b)(6) ,__ ___ __, 
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USUHS Form 3206-Animal Study Proposal Form Instructions 

USUHS I DOD - SPONSORED ANIMAL RESEARCH 
PROPOSALS MUST USE THIS STANDARDIZED FORMAT 

Reference DOD Directive 3216.1 & USUHS Instruction 3203 
************************************************************************************* 

Specific information requested in the following animal-use protocol template is a 
result of requirements of the Animal Welfare Act regulations (AWAR), the Guide 
for the Care and Use of Laboratory Animals, and other applicable Federal 
regulations and DOD directives. 
************************************************************************************* 

This document is intended to be an aid in the preparation of a USUHS DOD -
sponsored animal use proposal. The instructions and written explanations provided for 
individual paragraphs (ref. animal-use protocol template in AR 40-33 I USUHSINST 
3203, Appendix C) are coded as hidden text. To see the instructions and examples for 
each section, select the "Show/Hide 11" button on your tool bar. To print the hidden text, 
select "Print" on the drop down file menu. Under the "Options" button, select "Hidden 
text" under the "Include with document" section. Use of a word processor makes 
completion of this template a "fill-in-the-blanks" exercise. Please provide all response 
entries in the following font: Arial, Regular, 12, Black. Please do NOT submit this page 
of instructions with your animal protocol submission. 

With the exception of title headings, each paragraph and subparagraph in the 
following template must have a response. Portions of the template that are not 
applicable to your particular protocol, (i.e. no surgery or no prolonged restraint) should 
be marked "NIA". There are no space limitations for the responses. 

Pertinent standing operating procedures or similar documents that are readily 
available to your IACUC may be referenced to assist in the description of specific 
procedures. It is critical that only animal studies or procedures documented in an 
IACUC - approved protocol be performed at your facility. Additionally, Principal 
Investigators, or other delegated research personnel, should keep accurate 
experimental records and be able to provide an audit trail of animal expenditures and 
use that correlates to their approved protocol. 
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ANIMAL PROTOCOL. NUMBEJ~: ..... l{'b_>(_6) ___ __, 

.._F'R'""'J""""N"""'C""""llP ...... A=L .... JIN __ V--E=S....,T ..... IG.._A __ T-=O..-R;&.,.l<b_)(_6) ___ ~1P~«D,,,_l<b_)(6_) ____ __, 

ANIMAL PROTOCOL. TITLE: l(b)(4) l1n1hioillon to IM1~igate Radiation-lnducedl(b)(4) lin 
thel(b)(4) kMus muscu'lus) 

GRANT TITLE if different from above : l<b){4) tn'h11bition to Mitigate Radiation~l1nduced 
(b){4) In Vivo. 

USUHS PR,OJECi NUMBER:"-l{b_)(_S) __ ___,kUSUHS Standard Grant) 

CO .. INVESTIGATOR(S}; (b)(6) 

POSTOOCS STUDENT 

I. NON·TECHNICAL SYNOPs:1s: 
Exposure to high .dose iradiatlon can occur as the result of a 1nuclear accident or terrorist event. 
Exposure to iorniz\ng radiation in humans results in severe and usually fatal illnesses, due to multi
organ datiliage. The reffects of radlat1a'n on the l ~ung are delayed, but result in nigh mortality. Despite 
a large amount ot research into the efifecl:S of high dose r,adlation exposure, there has been a delay in 
the development of drugs or treatme·n~s t•o prevent radiation Injury in individuals exposed to rad~ation. 

Our long terrm goal is to deve~op agernts to prevernt immediate and delayed effects of ioinlzln 
radiaUon In mullip:le organs. Our aim is ~o invitl!stftg~te drugs targeting the b 4 

kb>t 4> ~or the [r;2leYe1Jli01L_Olla_rJl0JL~a_l/Ltl!JLc__eJ~ ict_am~ e_J9_~tb'."":•'!"l4"""_'1'!"10:-n'.'.":'.lz::'.'rnn:-g:-. ::ria:-::d:'l".:oa:":'ltt~o:-n _, 
has detrimental effedrn on b 4 anci i1eaeling to 
lncreasedl<b)(4) lhat persists for ~ong periods of ~lme foilowing the 1nltlal damage by 1radiatlon 
e><posure. 

Previous sttrole·s from our lab demonstrated thart the principle effect of radiation on normal cells Is 
loss of ab!lltt of cells to row normell aindl Instead to fbecomeKlbH4l !In a process terrmed 
b 4 Ouir data further indicate that radiatDon-induced 

(b)( ) 

b 4 e a i011 o b , 4 n vu'l/o corre a es w 1 b 4 ......... "*~~-n b 4 1ssrue in a murine model of rradi:aftlon-onduce multi-organ Injuries. 
hypothesize that irnhibltlon th~(b) (4) . ~reven• ... ·[b~)i(.._4.,..) ______________ ___, 

l<b)(4) t esU1ldlng in the mitigation of retliation inja.oroes 

Our proposed stud1es here wlll examine the effe~ts o~{b)(4) Inhibition mitigatind(b)(4'1 J 
radiation 1njurieis i irone models ·for 1tlilese t1njurjes. We w1lll utffliize C • exposed td(b)(4) IX. 
ra irradiation at (b)(4) to determine ~he efficacy and mechanisms o (b)(4) ·or the prot,ectio111 af the 
(b)(4) gain st radiation i1njury We wi'lll ut'ilize C57BL/6 mice e:,.;posed to (b)(4 -adiatioo Jn tl'le .... Hb_){_4_) _ _, 
region to de'termiine the efficacy and merchanisms of pro1ect1on of ttoe (b)(4 gainst radiation injury, 
Out aim is to develop an effective, noriHox.ic raaijoprrotecta'l'it' radiotherapeutlc treatme:nt strategy ~hat 
can be used for protection ragainst radiation ijnjury tto normal ~issues dunng clin[cal ra.diat1ion for ,cancer 
treatment. 
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11. BACKGROUND: 

It 1. .BaGkgrouruif.: 
Jo·nl:zlrig radiation nas been demonstrated to ablate normal vascular function; compromising the 

1endothelial barrier, leading to tis_s_u_e mema and ln11ammatian in cycles that occur lcm9 after the initial 
radiation lnsutt l(b)(4) !The eellular injuries from radiation occur 1n several 
stages. Early damage oec:urs Im minute.s to several 'hams after radiation exposure and ls beHeved to 
iead to early inflammatory reactions in response to the activation of proteolytic enzymes .... l(b"""l"'"'(4..._) __ _. 

Hbl(4) l 8ubsequem cycles of ceU damage (days to months after radiation exposure) a(e 
beUeved to be diJJe to another mechanism. potentially cellular senescence or apoptosis. possibly 
associated with inflammation 

The aeu·te toxic effects of exposure lo high doses of ionizing radiation in humans have been shown to 
occur due to two sequential effects. first the ablat~on of Immune c:~ns~ resuitirF in loss of inii'flune 
function and increasing llkelihood o1 patht>genic infection b 4 ~ 
subi;eauently tlbe ~oss of $pHhellal progenitor tells of the gastrointestinal (GI) crypt (b 4) 

l (b)(4) J Sotn of these evenis have been sMwn to be due to the lo ... ~-s-o"""f .,,..fa_s.,...t·g-r_o_W.,...in_g_. 
tpluripotent and/or progenitor oell types. The time course of the aeute injuries correlates with the life 
span of the mature cell types of the tissue. which ate not feF)laced because of radiation damage to the 
adult plurlpoteht ·cells and adult stem cells There is currently no FDA aperoy_e_d_~rophylactic or 
treatitlent for prevention of acute radiation ihJUnes following high~dosej(bh4) ]radiation exposure. 

(b)(4) 

11n human~t s_e__11e_te_r_a.dJ:a1Jo_11l(b)(4) ~an result in aeatn .. l( .... b)_(4..,.) _____ ...... 
j{b)(4) . ____ I Cwmulst1ve evidence from~ number of laboratories lneluding our own, 
stlows that there ls a t1nn~sMld 'dose of radiation otl(b)(4) •o induce sufficiend(b)(4) Wor tM 

lfb)(4l !phases to occur in micEt below these doses, no permanent injury manifests, 
although some srhort-term effects are observed Kb)(4) I However, 
in humans, th~f!ls_~unren~ly no accepted protocol for preven1ative treatmenf of radiation~tnduced 

4 arnd morbldifr · as ni . h as 50% is- associated with each hau b 4 

injuriies frnm radiation is consijdered to be a serious problem in the field for the development of agents 
to prevent these radiation 1injuries. 

l<b)(4) ] as a radloJ?rot~ctant Inhibitors torl (b)(4) ~ignallng have been tested in animal models for 
r~rr and brajo lnjyrv. and a oymber of UJese agents are cyrrent!y bejno used In clinical trjajs 
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.... l<b_H_4_> ___________________________ tinhibitors are 
oral drugs with accepted safety profiles. 

Prelhn irnary Stur:ues: 

Jodel :s stem for radiation•induce_d_ (b)(4) We determined that althoug · b 4 rradiation 
a (b)(4) · T 1 Induce some early alterations of gene exp(ession in th (b)(4) 

4 this level 1of radiation does hot induce observable "'ra .... d.,..la-.t .... 10-n"'"'-ln- d .... u-c-ed....-__, 
(b)(4J in C57BU6J mice·~ 4 For this reason we have decided to 
perforrm studies of radiation-induced (b 4) using higher doses o b 4 rrarUation. Using 
X-ray radiation sources at AFRRI tind USUHS, we have determine_Q_lhfil_ b 4 rradiatioJlj~ _ _:;J 

'threshold dos·e of radiation 'exposure for the im::fuetion of radiation~b..-.4"'=====:-==;-"""=====
in several strains of m\ce incfudirig CBA and C5i8U6. Published findings lndi:ate that C5iL mice 
respond to radiation in a manner similar to these mice .... l(b_)_(4_) _____ __.J 

Model s stem for radiation·jrn'.iuce (b) 4} 
C5718LJ6 mice induGe (b)(4) 
· b 4 here is some tissue re air-l(b)(4) I 
b 4 Hqwever, histolo ~I evalliation revealed continued 
b-, 4' underlying structural remodelm of the b 4· . ur studies suggest thatl(b)(4) 
is a ~hreshold dose of radiation for unrepair1e ( )(4) n these mice . These findings from our 
laboratory have not yet been published. 

b 1 4 studies indicate that in Qrfma cultures of 
hurnan ib)(4 are 
~egu.lated within severaJ hours or radiation exposure {bJ(4) AddltionaUy thEt'"'(b,_)...,(4,...} --. 
~receptor is activated ra : id! Jn res onse to radiation and remains activated for u to !'\.. . ....... \J' (4 l 
postirradlation lb (4) We determined that the inhibition of(!:> (4) ~.,.. ____________ "'-
b Io ck e d radlatlon-ifidwced b 4 in both hi.Iman primary cell cultures b (4 ....._ ........ _ ___,,___,,,,,.,..,.....,.,......,.,._. 

(b)(4) Cells maintained normal morphology and prolifer iv_e_c_a aclty. This finding 
suggersted tnat radiation-induce in rimary cells requires the (b)(4) athw:.w We have 
also observed 'the activation o (1))(4) from irradiated mice in a time course that 
corre:1ates with the onse1 of celfUlar (b)( ) we 

_ h)Lpotheslz~ th~t the inhibition of ra 1at1on-1n -uce ce u a 4 1n vivo may a so -e · ocke.d by 
HbX4) l eading to the preservation of normal cellular function after radiation exposure and 
preventing delayed tissue damage. 

11.2. .Literature Search 'for Duplication: 

11.2:1. Literature Source(s) Searched: 
Biomedical Research Database (BRO), NIH RePORTER (replacement database for 
CRISP) flttp:l/projectreporter. n;h. govlreporteL.clm, and Pu bMed 

11.2.2. ;Date of Search; 
Data base searrches conducted on 04/02/14_ 

11.2.;3, Period of Search: 
Searches 1conducted f@r the entire time periods available in each data base. For BRO. 1998-2014; 
for RePorter, 1972-2013. For PubMed, 1970-2014. 

11.2.4. Key Words and Search Strategy: 
Searches were performed using the following key word combinations: (b)(4) 
(b)(4) 
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11.:2.5. Results of Search: 
1) BRD: Search resulted in 0 projects with these key words. 

2) A ReF>ORl'ER search~ Search resulted in 0 projects with these key words 

3} PUBMED Search 

Summary o'f other publications: 
(b)(4) 
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(b)(4) 

JU. OBJECTIVE\HVP.OTHESIS: 
(b )( 4) 

IV. MILIJABYRELEVANCE: 
Military personnel and their families receive medical treatment for cancer. including clinical radiation. 
The development of agehts for the protection of normal tissues during cancer radiotherapy would allow 
the us'e ot higlher doses of radiation which has been shown to improve the level of tumor control and 
cancer Irradiation, The goals of this research are consistent with improved cancer treatment in military 
personnel! and their families. 

Additionally, the Department of Defense is prepared to execute military missions within radiation 
environments, to manage radiation crises associated with terrorist activities, and to manage 
consequences in the event of nuclear weapons detonation. Recent studies indicate that there is an 
lncreaslng risk of exposure to ionizing radiation (IR) to military personnel due to increasing terrorist 
:activities, inclurJin otential use of stolen nuclear wea orrs or dis ersal of radioactive material in a 
'
1dirty bomb' (b)(4) Because of potential 
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exposure of miilitary personnel to radiation, the CJoD is committed to protect members of the Armed 
.Services from the adverse health effects of ionizing radiation. High do.se IR causes short term, acute 
~r1jur0es including hematopoetic and GI syndromes, However. both high and low dose IR (as may result 
from a radiation dispersal device) can causelib)(4) I•• demonstrated b~ Ja:anese 
, . · ·, . . · , · - as well as accidental exposures to Russian populationsl(b)(4) I 
(b )( 4) While early effects of radiation injury now have treatment/ prop ylac;tic 
strategies, t e · ela~ed e ecis currently have no treatment. Lack of treatment for late effects of 
1radiation, Including! b)(4) ~ill likely lead to delayed morbidity and mortality for personnel 
exposed to IR. 

The Department of Oef ense (DoD) Chemical and Blolog1cal Defense Program 2007 Annual 
!Report to Congress; Chapter 2.7.6 Medical Radiological Qefense, addresses the requirements for 
the development of radioprotectants This priority is outlined for the develo , ment of ratectants for 
both acute and delayed radiation lnjuflies, with an emphasis on (b)(4) According to 
this report, the mitigation of b 4 -· is a major research thrust area. 
This project 1s also des1gne to investigate mechari sm{s) o protection to aid in the development of 
such agents. 

V. MATERllALS AND METHODS: 

V .1. Experlmental Ores!g,n,,_and*,Gener.at Procedures: 
The goal Of tfhis project Is to investigate the protective effects 1:1nd mechanisms of .... Hb .... ) .... (4.._) ___ __, 
treatment for rad~atlon=induce~(b )( 4) I 

(b)(4) 
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(b)(4) 

Ex eriments 1-.2; Effect o b)(4) inhibition on radiation-induce~(b)(4) •njury 
following (b) 4) ~ 1on1:z ng radiation in C57L mice and c57806 mice, 
respective,y. 

administration for (b)(4) in·urie_s (b)(4) 

(b)(4) . ..... . Omice per group) x (2 treatment groups) x (1 time point) =Oniee ... .................................... - .............. (b)_(~),, 

Endpoint: The final endpoint for the experiment isOays:-Mice displaying obvious . .dy.spnea, ... .(~){~.L. 
lethargy, or other markers of morbundity and which appear to be in distress will be euthanized. 
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(b)(4) 

(b}(4) 

(b)(4) 

M(4) 

l<b)(4) h ie scale for pain or 
lethargy Is attached. Mice scoring a total of 12 under any measurement will be euthanized. 

V.1.2. J:_~ _eJim_e.o.L2;~EtfJ?~-t~_._o (b)(4_) _ ~ohibJUo_nJ.cuJhe_miti atioo of b 4 adiation 
.inJury ~·b_(_4) __ ...,...........,.. ________ _ 

We wrnl determine the effect of (b)(4) nhlbition on radiation (b) 4 e effect of b 4 
lrihibftion onl0>)(4) twiil lbe scored at (b)(4) · · ays postlrradiation. b 4 or 

.... ___ Ye.hide. win be admlolsteredO b postjcradjatl~n . with administration daily for b 4 ft er radiation 
exposur~(b)\4) t egion Irradiation will be used. Orou swill be: 1 
radiation+ ino treatment; 2) radiation +vehicle (control); and 3) irradiation ·i.:.(b...:.),;,...(4.:..)-......................... 
l(b)(4) E~r..tnese.,l3tudies.,. we wm requir.eC}ti1ce per group in the radiation groups. We will obtain 
control tissue outside 1of the field of radiation, which previous experiments in our laboratory have 
demonsUat·ed .are apprapriate as controls 

The experiment will be repeated because it is a generally accepted principle of the scientific 
method 'that experiments must be repeated to evaluate a hypothesis. 

Radiation gro1ups 
. B ice per gro.up) x (3 treatme~t groups) x (2 time points) ::t._.(b..:.).:...l4.._l ................... 

.. .... rml~l~?tP.~.!'lme.nt) . x. (2 .expenmerits) =D'nlte 

Endpoint: The final endpoint for the ·expenment ,~1(6)(4) liays Mice oisplaylng obvious lethargy. 
or other markers of morbundity and which appear to be in distress will be euthanized. The scale for 
pain or lethargy is attached. Ml~ scoring a total of 12 under any measurement will be euthanized. 

Exoeriments 3.5; Effgpt od(b)(4) lnhib!tion for mftlgation of radiation~induced cellular 
l(b)!_4) ]These experiments will be petformed 
only if pt>sitive -results are obtained from experiments 1 or 2. 

\l._t.3.LEx1 eriment.3 Effect of (b)(4) nllibltion on b 4 
{b)(4) 

If we fina thatl(bi(4) inhibJtion results in reduction of .radiation-mducedlifil[]injury ad(b)(4) ldays 
postirradlation we will further investigate the mechanism of the improvement. We wUI determine 
whethe (b)(4)_ reducesl(.b)C4) l and improves cell survival following radiation 
exposure In the We will use 3 time point groups: b)(4) ays posbrradlation to examine 
man1«ers for b A by western blo mg an immunohlstochemistryl (b)(4) 
{b)(4 will be assessed by 1mmunohistochemistry and by qRT·PCR fo .... r ... im_m_u_n_e_o_e_ll .... 
lb 4 mar ers. b 4 ~ - ill also be determined using the tissue 
from Experiment 2, w th t e time po ni b 4 da ~post rradlation. Groups will be: 1) radiation+ 
no treatment; 2) radiation+ vehicle; 3) radiation (b)(4) Cantrol tissue will be 
obtained from outsijde of the radiation field. 

The experiment will be repeated because 1t is a generally accepted principle of the scientific method 
that experiments must be repeated to evaluate a hypothesis 

(b)(4) .......... -21· i~e per gro_up) x (3 t~eatment groups} x (3 time points) =Hbl(4) 
(b)(4) --· - . . m1ce/·experiment) 'X (2experiments) 1._<b_)(_4_) ------~ 

Endpoint: The endpoints for the experiment are daysj{b){4) postirradiation. Mice displaying obvious 
dyspnea. lethargy, or other markets of morbundlty and which appear to be in di·stress will be 
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(b)(4) 

elJthaniied. The scale for pain or letfiargy is attacl'ied. Mice scoring a total of 12 under any 
measurement will be euthanized. 

V.1.4. ex eriment 4 fb)(4) 
b)i 4) 

'The expe1riment will be repeated because it is a generally accepted principle of the scientific method 
1that experiments must be repeated to evaluate a hypothesis. 

(b)(4) ........... O:riice per group} x (6 treatment groups) x ( 1 time point) = ... 116_)_<4_) __ _, 
(b)(4) .... , ... D rnioe/experiment) x (2 experiment~) =Onice 

!Endpoint; Tlhe final endpoint for the experiment isc:::::)ays·: Mice dlspla.ymg.obvlous .. dy~pf!~.a, Jb)(4) 
~ . or other markers of morbundit and which a _ ear to be in distres~lll be euthanlzed. 

)(4) The scale for pain or 
ice scoring a o a o un er any measuremen w1 -e euthanized. 

We wiU investigate the activation o (b)(4) pat way and nionito b 4 e will 
·examine these aspects through imrnuno 1s ochemist and determine If the b 4 'restment was 
sufficient to lr;hiblt the feed·forwar · (b) 4 Four time points 
wiH be examined. correlating with the \Imes we have observed ro u::u:~~4....._ _______ _. 
1 b 4 followln radiation ex osure: b 4 eel<s postirradiatlon, We will analyze 
b) 4) and the expression of l"!:L(b,...H .... 4 ... ) ==.....====' 

(b)(4) .... or t ..1.s ... ~:).(P~r1men!L.we w require on ice group. ana w will examine 6 groups: 1) sham 
!rradiatiorn +no treatment. 2) sham +vehicle 3) sham• (b)(4) 4) IR; 5) llR +vehicle; 6) IR + 

l(b)(4) IT1he experiment will be repeated 1because it is a generally accepted principle of the 
sdenUfit method that experiments must be repeated to ecvaluate a hypcthesis 

(b)(4) ...... [Jm!.ce per group) x (6 treatment.groups) x (4 trm~ points} =.._lfb .... )(._4).__ _ _,, 
(b)'(4) ....... ::·::··LJr.:n1ce~expenment). x. .. (2 .. expe~1ments) =c:::Jn1ce 

lEndpoints; Endpoints for the expenments wi11 l(b)(4) ~eeks postmradiatron. Early time 
points will be taken if any animal exhibits signs or symptoms of morbidity or moribundity. Such 
anima11s will be euthanized at the time of observation. 

V .2. Data Analysis: 
!Mean with standard error, or percentage will be reported if applicable. A stgniflcance level is set at 
5% for each test All statistical tests are two-sided. A statistical software, SAS will be used for 
stalistical analyses. 
Experiment 1: Analysls of variance (ANOVA) will be used to detect significant difference among 
the groups, If significant, ~hen the pair-wise comparison by Tur.vf<ramer will be used to identify 
which 1group is different from the other. For experiment 1, N == _ mice per group.could .hiit~.e .. eQ0/~b )~ 4 l 
IPOWer to detect any significant difference between groups if any, given type I error of 5% and 
delta/sigma has at least 1.4, where the delta is the estimated mean differences between the two 
groups and sigma is the pooled standard deviation of the two groups((bJ(4) I 
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(b)(4) 

Experiments 2-5: Previous data from this laboratory indicate that the coefficient of variation (CV) of 
the data is abo_u10.5, and that differenc·es of between 2- and 30- fold are likely to be observed. A 

........ sample. size-eQper group will have 80% power to detect 3-fold increases in biomarkers based on 
a lognormal t test with a 5'% two-sided significance level and a CV of 0.5. 
V.3. Labora·tory Animals Required and Justification: 

V .3.1. Non~:u::tlmaLAtt.e_niajiy_e.:.s_C_o_nsld_eH_d: 

For the last 1 O years. we have utilized primary cell culture systems to examine anti=apoptotic 
mei:;hanisms; however, we must determine whether our culture findings are relevant in whole 
anima1ls . We will continue to use primary cell culture whenever possible to avoid unnecessary use 
of animals. We lhave also considered computer models as altem~tives to animals. However, this 
alternative also lacks the knowledge base and complexity needed to evaluate radioprotective and 
radiotherapeufic agents . 

V.3.2. AotmaLM.o_d~Lam::l__'._Sp__e_cij?_s_Justification: 
Tissue 'culture conditions cannot fully substitute for the complexities of whole organisms in 
response to radiation injury. Such lnjtJry involves the interactions between the hematopoietic 
system and other organ systems. In order to develop viable treatments for humans, we find that 
our research must be ·tenductea in wl'IOle ammals. 

Work byl(b}(6) I also advocates the mouse as the best species to 
use for radiation pr1oteetion am:t radit:>ti1erapy protocols: 1) mice provide the least sentient species 
available wh·ose response to radiation has been clearly identified, with physiological responses to 
iradiation and radioprotectants that are similar to hmnan physiology, 2} extensive literature is 
available on responses of mke to radiation and countermeasures, 3} more reagents are available 
to study the relevant cell types and molecules in rnioe than in any other species except humans. 
and the availability of transgenic and knockout mice make this mOdel extremely attractive for 
further research into molecular mechanisms, and 4) our research group hais extensive experience 
with this model in radiation injury and radioptotection research. 

The strains of mice to be utilized for each ~of the stud are based on the llteratur.um:!_ 
on 'flndli1rs 'from our own laboratry . b 4 
b 4 Our 
laboratory has found tl'lat C57Bl/6 mice have radiation-indueed (b)(4 amage ~imllar to that 
rreported in the literature for humans 

'V.3.3. Laboratory ,Animals 

V.3.3.1. ~G~nllls & 'Species: Mus muscufus Mus muscu/us 

V.3.3.2. Strain/Stock: C57L C578L/6 

V.3.3.3. SourceNendor. .... l<b_H_4) ____________ _. 

V .3.3.4. Age; 

V.3.3.5. Weight: 
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V .3.3.6. Sex: 

V.3.3.7. Special 
Consideration$_: 

Female. Only females will Female. Only females will 
be used in this study for be used in this study for 
the following reasons: 1) the following reasons: 1) 
we have so far utihzed we have so far ulilizE!U 
female mice to lay the female mice to lay the 
foundation of our studies foundation of our studies 
fgr cµdjalign"mdycedHh>C4l I for radiation-induoed'""'l<b,..,.l.,..,(4"'"l ---. 

l(b)(4) ! ilb)C4l I 
injuries. 2) because of long rnjuries: 2) oocause of long 
housing penods, It IS hOUS!OQ periods, it fS 
advantageous to use advantageous to use 
:female mice that are less female mice !hat are less 
aggressive toward each aggressive toward each 
other. other. 

Commercially procured animals must be adventitious 
disease free. Mice- Pa'lhOgen.free, ihcluding 
Pseudomoflas aetuginosa, and Pasteurella:: All mice 
need to be tree of the foilowlng agents. Sendai. 
Pneomonia Virus of Mice (PVM). Reovirus·3 (Reo 3). 
Mouse Adeno\lrhJS (MA0-1. MAD-2), MGJuse 
Gytomegatovtrus Virus (MGMV). Ectromelra, I< virus, 
Lymphotytlc Chorlomenlngitls Virus (LCM), E15idemic 
Oiarthea of lnfaflt Mice {EDIM), Hantaan virus, 
Rotawus, Mouse Parvowus (MPV), Polyoma Virus. 
Mouse Minute Virus (MMV). Mause Thymic Virus 
{MTV), Theiler's Mouse ~ncephalomyelltis Virus 
{TMEV/GDVll), Encephalifozoon cu11Jcull, CAR 
badllus, Helicobacter spp. Mycop;asma pulmonls. 
and Cfostr1di11m plfiforme. Endopara$1te- and 
ectoparasite-free 

V.3.4. Number of Animals Roguired (by Sp_eciesJ~ Ocs1L 

·v.3.5. Refinement, Reduction, R.epJatementC3 Rs); 

V .3.5.1. Refinement: Animals demonstrating moribundity due to radiation exposure will be 
cmilsidered to have a,rrived at the study endpoint and will be imrnediatefy euthanlzed (See sections 
V.4.5 Study Endpoiint and V.4.6 Euthanasia). 

Ketarninelxylaz1ne anesthesia will be used during X~ray irradiation to prevent stress from the time 
the mice ere placed in restraint. Under the training protocol at AFRRI in conjunction with the AFFRI 
veterinary :staff. we found that in female CSA or C678LJ6J mice. -12 weeks old, i.p. injection of 
150 mg/k'g ketamin.e Flus 18 mg/kg >t'tlazlne resul~s in a minim~m of 40 min ane~thesia with n.o 
morb~dlty or mortality (b)(4) lwe w111 use• a heating pad to keep m1oe warm during 
the perriod of recovery from anesthesia. The temperature· in room where the mice will be irradiated 
will be measured. and if necessary a space heater Will be used to increase the temperature. 
Standard intraper1toneal injection methods are used for in]ec1ion of the anesthesia, as 
recommended and approved by the USUHS veterinary staff and for which all laboratory personnel 
have received training at USUHS. 

V.3.5.2. Reduction: Whenever possible. control groups will be shared between experimental 
groups for our experiments. Tissues will be collected for multiple assays from the same animals 
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further reducing the total nurnber of anima'ls needed. At every stage of the research, planned 
experiments will be reevaluated, in an attempt to redlJce the numbers of experiments and eliminate 
repeats of e·xperiments where statistical slgnlflcance has already be~n obtained. Forl{b)(4) I 
irradiation studies, each a·nlmal will be able to provide its own control tissue from the no11-irradiated 
area. Preliminary resrults from our laboratory demonstrate that tissue from the abdominal region is 
normal under our experimental conditions, 

V .3.5.:3. Replac~mont: At this time, it is not fea$ible to use non-animal systems in place of 
animal models to address ihe research questions in this protocol. 

V .4. Ie.cJrn..ircaLMethods; 

V .4.1. Pain ./ Distress Asse:ssment: 

V .4.1.1. APHIS Fo_nnI Q23JnfQrmat1on: 

V.4.1.'1.1. Number of Animal~: C57L C578L/6 

V.4.1.1.1.1. Ct}IUmh C: 

V.4.1.1.1.2, Column D: 

V.4.1.1 .1.3. Column E; 

V.4.1.2. Pain Reliefl Pt'iv,entiion: 

V.4. 1.:2.1. ,Anesthesia/Analgesiaff ranguilization: 
We wrn be 1unable to iuse gernernl analgesics since they have ~ffe_ds_oo b 4 turu:iJto_o_ 
'lha1t wauld interfere wllh the i:nt~rpretatioh of out results (b) 4) 
(b)(4) Some sedatives have been reporti-e ... , -to-c'""on""t""n!"'u""t'""e""to---po'""s""t'""o'""pe'""r'""a~t1v'""e'"". __..___,........, 

w:t'llth likely reduce some functions of radiation. For C57BL/6 mie~ t!xposed 
... t....,o ""'b .... )( .... 4 )...---.--rra_a..,..·ia_t.,...lo ..... tl to induce radiatio:nl{b )( 4 l I 
daiiy on anumals displaying radiation Injury to alleviate discomfort and to prevent infection. This 
agent is also used for hi.rmans, 

An ,anesthesia protocol has been developed for use during the X-ray irradiation. Ketamine will 
be iUSed with xylazine for llonger anesth~sla in mice to be place in restraints fo~(b)(4) ]irradiation. 
Under the training jprotocol at AFRRI in GOhjunctioh with the AFRRl veterinary staff. we found that 
in female C57BL/6 and CSA mice, -12 weeks old,i.p. injection of 150 mg/kg ketamine plus 18 
mg/kg XY,lazi-e r· 1 t in minimum of 4·0 min anesthesia (25 G needle) with no morbidity or 
mortality (b )( 4) ......, _____ __. 

V.4.1.:2.2. Pre- and Post-procedural (not surgery) Provisions: 
Animals will be housed and cared for as described in Section V .5. Veterinary Care both before and 
after dose administrations and irradiation procedures. The Pl and research staff will monitor 
animals after radiation or sham irradiation durihg anesthesia recovery. The Pl and resean h staff 
will also monitor animals daily following radiation exposure, and twice dally during critical periods. 
Otherwise. the animals wm receive standard veterinary care in the USU vivarium. Animals 
displaying 1radiat1ion-induced l(b )( 4) lNill receivel_(b ... )(_4_) -------------
lrbl(4) !is approved for human use. 

V.4.1.2.3. Paralytics: N/A 

V.4.1.3. L~ture Sea.-..c_b for Alternatives to Painful or Distressful Procedures: 
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V.4.1.3.1. Sources Search~d: DoD Bioedical Research Data Base (BRO), NIH Reporter, 
PubMED 

V.4.1.3.2. [bl_te~S__e_antb: 3/31/14 

V.4.1.3.3. Period _of SeJIJGIJ: Search covered published manuscripts from -1965-present 
(BR o search in eluded all available years 1998 -2014}. 

'V.4.1.3.4. _Key Words of Search: Pain, analgesia. anesthesia, mice, radiation, ionizing 
1radiation, humanel(b)(4) I 
·v .4.1.3 .. 5 . . ReJ~ults_oLS_e_a_t_c_h: 
The literature search revealed that. at present, there are no alternative procedures for irradiation 
!because its effects cannot be otherwise duplicated. In some cases radiation has been 
demonstrated to reduce pain in laboratory miceHb)(4) land has been in 

Jb.ur:ru.u:1s reported to alleviate cancer related bone pain i(b)(4) I 
l(b)(4)1A recent rieport showed that.administ:aHon of botulinum toxin A was effective for reduction 
~and muscles asms after chnlcal rad1at1on for treatment of tumorsRb){4) I 
(b)(4) Application of natural honey 20 min prior to radiation exposure was also 
$ -own to rieauce mucosltis with associated pain in humans following nead/neck radiotherapy 
(b)(4) it has not been determined whether honev acts as a loc.al 
rn itrprotectant. - uman administration of morphine also relieves pain l(b)(4) I but 
again this would not be practical for mice in our experiments because of side effects of the arug. 
In humans1 exposure tct(b)(4) Jrradiation may induce vomiting and diarrhea, causing pain and 
distress. However, mice ar1e not susceptible to vomiting. 

V.4.1.4. Unalleviated Palnf.ol or Distressful Procedure Justification: 
Anesthesia wlll be UJSed before (b) 4) rradia11on to avoid stress from restraint b (4 
b 4 

~ ...... ---~ ........ ~~~--~~~....., - am WI e eva ua e using severa s an ar . in 1ca ions 
ilncluding: grlmaeiirng, abnormal breathing, hunched or fluffed fur and Inactivity, or ata)(ia. In 
experiments wher,e tissue collection is needed. animals will be euthanized with pentobarbitol prior 
to sample collection as described in Section V.4,6, We will utilize the attached score Sheets to 
provide a scale for measurement of criteria for euthanasia. Score sheet will be used daily after 
irradiation. During critical periods, animals will be monitored twice daily, and during the second 
monitoring score sheets will be updated if necessary for that day. Any animal scoring 12 or more 
total on the score sheet will be euthanized. In experiments where tissue collection is needed, 
animals will be euthanized with pentobarbitol prior to sample colfection as described elsewhere. 

b 4 i s ior -30 min to receive X-ray exposwrej(b)(4) 
(b)(4) animals will be 
.anesthetized dur ng this perio ' see · nesthes a above and tails w1 I be taped to one side with 
surgical! tape. The jigs for use during<bll4l Irradiation were examined and approved by the 
AFRRI Veterinary staff. An image of the j igs is attached. Under the training protocol at AFRRI in 
conjunction with the AFRRI veterinary staff. we found that in female CBA and CS78L/6 mice, -12 
weeks old, i.p. injection of 150 mg/l<g ketamine plus 18 mg/kg :xylazine results in a minimum of 40 
min anesthesia (25 G needle) with no morbidity or mortalityl(b)(4) [rhe length of time 
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for anesthesia is needed to ensure that animals ao not regain consciousness while being 
[positioned in the lead shield for irradiation. Positioning of the mice must be done carefully to 
ensure that all animals receive the same exposures. We propose to use this range of 
concentration of anesthesia, together with a heating pad to keep mice warm during I.he period of 
anesthesia. Standard i.p. injection methods are used for injection of the anesthesia. We propose to 
use this range of concentration of anesthesia, together with a heating pad, to keep mice warm 
during the period of anesthesia. AFFRI Veterinary staff provided training and supervision for the 
:placement of anesthetized animals in the approved jigs for irradiation. 

V.4;3. Surgery: 
V .4.3.1. Pte~surgica I Provisions: N/A 

V.4.3.2. Procedure; NIA 

V.4.3.3. Post~surgieai Provision~: NIA 

V.4.3.4. Location: N/A 

V.4.3.5. Surgeon: N/A 

V.4.3.6. MU'ltiple Major Survival Operative Procedures: 
V.4.3.6.1. emt_e_dute_s: N/A 

V.4.3.6.2. Sctentific Justification: NIA 

V .4.4. Animal Manipulations: NIA 

V.4.4. 1. lojections; 
Intra-peritoneal injections of pentobarbltal for euthanasia 0.01-0 .02 ml/mouse f:" atal Plus (39· 78 mg 
pentobarbital/mouse), WiU be performed With a 23 G needle, l.p. injection of 150 mg/kg ketamine 
plus 16 mg/kg xylazine will be done using a 25 G needle. This level of anesthesia was first 
develgped for our use in collaboration with the AFRRI Veterinary staff and shown to effectively 
produce non~lethal anesthesia for a minimum of 40 minl{b)(4) I 
(b )( 4) 

(b)(4) !Animals will be monitored using the "Pain Score Sheet''. 
--~~~~~~--

V,4,4.1.1. Pharmaceutical Grade Drugs 

V.4.4.1.2. Non~Pharmaceutical Grade Drugs 
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(b)(4) .,,, ...... 

V .4.4.2. Biosamples: 
.All biosamRl@s will be taken after euthanasia. ~ill removed en bloc.~}11 be removed 
from theHb 4) las experimental tissu~om thet(b)(4) las control tissue, All other 
tissues will be available to other researchers for tissue sharing. 

V .4.4.3. Adiuvants: NIA 

V.4.4.4. Mornoclonal Antibody (MAbs) Production: NIA 

V.4.4.5. Animal Identification: 
All cages will have cage cards identifying the treatment groups for each experiment. 

V .4.4.6. Behavioral Studies: 'NIA 

V.4.4.7. Other Procedures: 

l(b)(4) lirradlation,,.,..,..,.,.,..__ 
The methoo·ology f.orl(b)(4) :Jirradiatlon of mice including approval of holding jigs and 
developmEmt of anesthesia was developed in conjunction with the AFRRI Veterinary Staff, 

ICb){4) lrrMialtlon will be performed using the RS2000 lrradiator inl(b)(6) !Thirty 
minutes prior to irradiation, the RS20CJO irradiator and lead shield will be decontaminated 
thoroughl_y with MB 10 

Mice will b.e ainesthetlzed by injection in the USUHS LAM faoillty. Anesthetized mice wlll be placed 
in ventilated Lucite jigs, which restrain the animals to prevent lateral or vertical movement. Tails 
will be taped to prevent any forward motion of animals. Mice will be irradiated at .... Hb_,,)._(4._J ---...--

l(b)(4) lirradlation. The temperature in room where the mice will be irradiated will be 
rneasured, and If necessary a space heater will be used to increase the temperature, Following 
radiation exposure, mice will be Immediately returned to the LAM and allowed to recover from 
anestnesla under supervision with hMting pads, Immediately upon recovery, animals will be 
returned to standard cages that house 4 animals per cage. Lucite Jigs will be sanitized after each 
use. 

V.4.4.8. Iiss_ue SharJa_ : 
For most studies, b 4 ·m be removed en bloc or~issue with substructure tissues will be 
removed. All oth·er tissues will be available for tissue sharing with other investigators. Our 
laboratory has made extensive use of shared tissues for training and technique development for 
Oissue. 

V.4.5. Stud 
(b){4) 
(b)(4) Early endpoints w1 I be 
used il'l the case of rnorbidi~y and morbundity. Specific health assessment criteria including rapid 
weight loss, .ruffled fur, dried lacrimal fluld accumulated in the cul-de-sac of their eyes, are cool to 
the touch, decreased appetite. dehydration, diarrhea, difficulty breathing or panting !(b)(4) I 

j(b)(4) I or hunched body position will used to determine early study 
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·endpoints for eutnanasiia, Tne e:xperimental t!esign aces not confempl~te supportive tfie(apy, atld 
animals exhibiting these signs may be euthanized, and considered to be at the study endpoint 

FollowingHb)(4) llrradiatfon. rt1ice tt11;1y ~'Xhibit fnjufi~s from th -lb 4 ~irradiation during thel(b)(4) I 
l(b)(4) lpostirradiation. Also, mice are e~pected t~ thweio- (b)( ) ostirradiaiion. 
During the Gritical time periods (b 4) po~tirradiation) , 
mice will be monit1o~ed by the Pl or other members of the irwestigative team at least twice daily, 
early morning and late afternoon including weekends or holidays. 

V.4.6. Euthanasia: 
Animals will be eruth~tni:zed at the stated endpoints of the experiments by Lp. injection of ml/mouse 
Fatai Plus. PHS poliey is 1ntraperitonea1 injection of at least 200 mgtkg soalum pentot>arbital 
el!lthanasia solution; Fatal Plus· 390 mg pentobarblto1J1 ml, 

1 ml/390 mil x 0.02 kg/ml!Juse x 200 mg/1 kg~ 0 01-0.02 

~ P injection will l)e performed !.t&lrigtl3 G needle. {Please note tl'lctt Euthasol cannot be used as 
additives lhave effects ori(b)(4) IW~ do have rFatal Plus for these experiments) Euthanasia 
wiU be Gonfirmed by cervical dls1oeiat1M. Animals which appear to be experienclng pain or distress 
,as a result of radlation exrposure or are found moribund will also be euthanlzed by pentobarbltol 
and rnecropsled. At the 1end of experiments, unused animals will be transferred to other protocols or 
euthanized by e)(posure to 100% CO:: from a compressed gas cylinder ln accordance with the current 
.American Veterinary Medk:al Association {A VMA) Guidelines for Euthanasia. Exsanguinatlon, 
cervical d·islocation, and/or pneumothorax will be rused to ensure euthanasia. 

v.5. Vet1·nn~ry c1re: 

V.5.1. Husbandrv Considerations; Routine animal husbandry will be provided in ac~ordanee 
with LAM Husbandry SnPs for each species ln this protocol. Mice wlll be housed 4 per cage. Food 
,and water and Rodent Diet will t>e available ad llibltum The 12; 12 hr (lights off at 6 pm) room light 
1cycle is fine for all the studies. 

V.5.1.1. 
Radiation 

Euthanasia Building ..,!Cb.,.)(..,,6._) __ _, 

Room Number l(b)(6) 

Room number ~j(._b-)(S...;.)......, ............... ..----

'V .5 .1.2. S_p_e~JaU:tu_sbaodJ:y_P_t_o_yi_s_i_oJl~: 
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IFood Re~stri_ctiorn: 

IFluid 'Restriction; 

Yes 

No·re: Aelamed 
waterwili lbe 
provided to reduce 
infections after 
radiation exposure. 

No )( 

No x -------

Acidified wa'ter (pH 2.5 = 3.0} is prodiuced at AFRRI for their vivarium using 2.0 N HCI. The 
waler will !be obtained from USUHS LAM. Unused wate1 will be neutralized with sodium 
bicarbonate and the pH will be verified before disposal. 

V .5.1.3. Exteption_s ; INone 

V.5.2. Veterinary Medical Care: 

V .5 .. 2.1 . Routlne Veterinary Medical Care: 
Experimental animals will be observeet at le:ast twice a day by one of the study investigators or 
technicians. LAM personnel will also monitor the animals twice a day during their rounds. As 
described in another section (study endpoint) morbid animals will be monitored at least twice daily, 
morning ana gftetnoon. The experimental 'design does not contemplate supportive therapy. The 
justifica'.tlon for not prov1iding supportiv,e care has been described in the study end point section as 
well as In the pain category sectibn. Criteria to be used for health evaluation while the animals are 
on study include: 20% weight ~oss compared Wi1h av · · · · · 
ml· e__w!llbe ' h , y, · " r_ _ (b)(4) 

(b)(4) ruffled fur. 
1 e y. ra mn, e1creas·ed act vuty, and unc ed bo y position, dyspnea, or panting. Animals 
iexhibitling these signs may be euthanlzed, and consitlernd to be at the study endpoint. Increased 

(b)(4) .... m.£raHQfjng.of.Cfi7L arnimals wm begin on da0thtough the end of the 1experiment, bas~~~~ 
prevlous data that indicated that mortaHty fromllbH4) =i1rradiation occurs between da b) 4) 
postinradiation in CB.A mlee. Increased monitoring of C57BU6 animals exposed to~(b:'i)::-(4::) :'J'!l!~~....ib., 
irradiation iori(b)(4) ..,_,m be monitored between daysl(b){4) !when the most prominen....,.,....,4...._ _ _, 

HbJ(4) lis eJ<pected. In the event of debilitating illness the decision to euthanize will be made by 
the vetennariati and/or Pl . 

V.5.1.2. IEmergernc:y Veterinary Medical CaJe: 
All emergency. weekend, and hollday can:~ is provided by two animal husbandry technicians, one 
or more veterinary technicians, and an om-call vetertnanan. Essential husbandry procedures and 
lheaMh rounds are conducted by LAM personnel once daily during weekend and holidays. In the 
case 1of an emergency healtlh problem. if the responsible person (e.g. investigator) is not available 
or if the inv·estigat,or and veterinary staff cannot reach consensus on treatment, the veterinarian 
has the authority to treat the animal, remove it from the experiment institute appropriate measures 
to relieve severe pain ct distress. or perform e1.1thanasia if necessary. 

V .5.3. Envlironm.ental Enrichmernt: 
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V.5.3.1. Enrichment Strategy: All animals an this protocol will be provided with routine 
environmehtal enrichment in accordance with LAM SOPs and IACUC Policies. Examples include 
rnestiets and t1unnels for rodents; balls, toys and food enrichment treats for large animal species , 

V.5.3.2. Enrichment Restrictions: none 

VL STUDY PERSONNEkQUALIFICATIONS ANO TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 
Quaiifications of persM Specific !raining ih this 

Pirotocol activity or performing activity (e.g., activity or procedure 
pl"ooodur<e (e.g .. tail vein Name of person resMreh technician, 2 (e.g .. rodent Mndlin-g 
oi"IJections. eutMna~iaJ oerformlno acti\litv yrs 11J)fperience) i=la.ss Hl9Jll 

Ear punch., irradiation, (b)(6) 9-t> years (b )(6) 

anesthesia. 
euthanasia 

Irradiation, 6 years 
anesthesia, 
euthanasia 

Rod,ent handllng 10+ years 

Ane-sthesia. 5+ years 
euthanasia, irradiation 

VII. 81IOHAZAROSfSAFETY: Laboratory personnel working with animals will be 
wearing .standard personal protective equipment (PPE). including dust masks, gloves, a,nd 
lab coats, as required by USUHS LAM. No additional protection is required for handHng 
irradiated animals1 since the animals will be exposed to X-ray irradiation and are not 
themselves radioactive or otherwise infectious. The RS2000 X:ray irradiator utilizes a fully 
shielded cabinet for animal irradiation that has been tested and approved by the, USUHS 
Radiation Safety Office. Personal dosimeters are worn by laboratory personnel during1 X
ray irradiation of the animals. as designated by the Radiation Safety Office. 

VIII. ENCLOSURES: Image of jigs torl(b)(4) 'rradiation; pain score sheet; criteria for 
euthanasia 

References: 
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IX. ASSURANCES: 
As the Prinelpal lrrvestigator on this protocol, I acknowledge my responsibilities and 
provide a~slln3nees for the following: 

A. ,Animal Us@; The animals authorized for wse in this protocol will be usea only in 
the activit1ies aind in the manner described here,in. unless a modification is specifically 
app1roved by the IACUC pr1or to Its implementation. 

B. 1Duplieatit>n of Effort~ I have made a reasonable, good faith effort to ensure that 
this protocol is not an urmeces'sary duplication of previous experiments. 

C • . Statistical AS$a.nance: I assure that I have consulted with an individual who is 
qualified to evaluate the stati~tioal design or strategy of this proposal, and that the 
"minimum number of anlmals needed for scientific validity are used.'' 

D. Siohazard\Safety: I have taken into consideration and made tne proper 
coordination regarding all applicabie rules and regulations concerning radiation protection, 
biosafety, recombinant issues, and so forth , in the preparation of this protocol. 

e. Training: I verJfy that the personnel performing the ardmal procedures I 
manipulations I observations described in this protocol ar~ technically competent and have 
been properly trained to ensure that no unnecessaiy pain or distress will be caused to the 
animals as a result of the procedures I manipulations. 

f , Training: I ver,ify that I have attend~d the USUHS l.nvestigator/Animal User 
TrainlnPJ Course. 

(b)(6) 

_______ 1hvt11~ .2P1'1 
~nature Oate 

-p 

G. Training: The 'following personnel will attend the next USUHS Investigator/Animal 
User Train1ing Course: 

H. Responslibility: I acknowledge the inherent moral, ethical and administrative 
obl1igations associated with the performance of this animal use protocol, and I assure that 
all individuals associated with this project will demonstrate a concern for the health, 
comfort. welfare. and well-being of the r-esearch animals. Additionally, I pledge to conauct 
this study in the spirit of the fourth ''R'' that the DOD has embraced, namely, 
i
1Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawfiul research. 

. . l(b)(6) I 
~ ..... _____ _,fture======= 

I. 
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Painful Procedure(s): 
I am conducting biomedical experiments which may potentially cause more than 

mom ary.nr slight pain or distress to animals. This potential pain and/or distress 
or ILL NOT e relieved with the use of anesthetics, analgesics and/or tranquilizers. I 
have 1 ered alternatives to such procedures; however, using the methods and 
sources described in the protocol, I have determined that alternative procedures are not 
available to accom lish the objectives of this proposed experiment. 

(b)(6) 

Prin 
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X. PROTOCOb ABSTRACT: 

A. Anim~LP_r__oJotiol INumbe.r: 

B. Animal Proto~ol Title: ~nhibitlon to Mitigate Radiatlon-lnduceal (b)(4) 
l(b)(4) f Murine} \.-..-___ __, 

c. Prine~ pal lnvestigat<m l(b)(S) I 
O. Performing Om.an·iz-ation; Uniformed Services University of the Health Sciences 

E. Fundin;g; USU standard grant 

G. lndexln Termt D~~eri- , to~ : l,-.l(b_)(_4>.,... ______________ ___, 

(b)(4; nimals, mice 

November 20, 2012 ... r_H_5> ___ _ 
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Date: 

Pain Score Sheet 

Cage 
date # 

animal 1 2 

accearance 

respiratory rate 

behavior 

orovoked behavior 

total 

Cage 
date # 

animal 1 2 
aqoearance 

respiratory rate 

behavior 

orovoked behavior 

total 

Cage 
date # 

an Ima I 1 2 

ageearance 
respiratory rate 

behavior 

orovoked behavior 

total 

Cage 
dale # 

animal 1 2 

aooearance 

rHpiratory rate 

behavior 

provoked behavior 

total 
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3 4 

3 4 

3 4 

Cage Cage 
# # 

1 2 3 4 1 2 3 4 

Gage Cage 
# # 

1 2 3 4 1 2 3 4 

Cage Cage 
# # 

1 2 3 4 1 2 3 4 

-

-

Cage Cage 
# # 

1 2 3 4 1 2 3 4 
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vm. Appendix A: Clinical Observations with Criteria for 
Euthanasia (Rodent) 

DATE: 

Apparnn£e: 

ReKpiraLOry rate: 

Time: Animal l[)jj 

Norm1I (smooltl coll. de• eyesfnose) 
Hunched arwllor fluffed 
Ocular disch-.e, Uld'or edl:ma 
Emllcia&cd, dchydralcd (sk.in lml) • • 
Sofl ltoo II ( f'cca I 1111ncr ll'Olllld 111111) 
Bloody d iarrhca 

0 
I 
3 
s 
s 
9 

No1TT111l bra1hin1 O 
lnc:ru!Cd b11tlllhing (double nomwl rate. r1pid. shlllow) 6 
Abdomin1I brnihin1 tpspin1 +I·~ mouth bralhin&l' 12 

General Behavior. 
NolTTllll (based on baseline obsenr11ions) O 
Stmchinii of hind limbs wilh lbdomil'llll lllOlion (..-illwl or pimace (App. B 111d C) I 
Dccrnac'CI mobilil)' l 
Atui., wobbly. weak.. 6 
Inability ID stand• 12 

l'ro'911tcd Behavior. 
)\lom'l91 (mO\'el whcn case is disturbed. runs ftum hllld (mice) Cl< inYl'lli111ta (rat)) 0 
S1.1bdurd; rnpo11d110 ttlmul111on (-vu IWI)' brisltly) I 
Subdued even 10 llimulelion (1110ves IWll~ slow I~) 3 
Unmpon1ive ID pntk proddina: •• 6 
~not right whcn p!.c~ 1cnlly on side wilhin S w«oods• 12 

TOTAL 

Deftnllh•t criteria ro r -rbl dlty: 
Wei;ht Lou up to 10% bufllnc (lflvaii.ble) .. 
Pale. white m1.1c0111 -mbnr.nes/ lkin • • 
Fever> I D4Fl40C (if n1ilable)•• 

•• Rq1rdle11 or.cort, notify 1ppropr11tr rieno• 
ln1111edl1twly. 

Scon:: 
<6 Nonnal 

Dcll •llln ullerb ror moribu1dlly: 
Weis.ht Lou> 20%011. <IS1 (.0Ull mou1e)• 
Blue muitous memlnnHI skin (cyanosis)' 
Cool to lhc: IOUCh or <16F130C (ir available)* 

• a.prdlal of1un, lmmedl1lely nch.nlzc 
(dnlh II lmmine111) 

6 • 9 Morbid: Monitor 11 leUI 3 times pll' day: nolil'y lpprop'iate pi:noMCI imllltdi11ely 
> I 0 Moribund: Noilfy rapo11sible pi:r10Mcl imllltdiately lbr cu1hlnui1 (if"° sin!Jle crlmria is l 2°} 
Any &Ingle criteria of J 2• culhanilll: i1111Mdia1tly: consider Ill 'found dnd' 

{Hoie: Thb (onn docs noc have to filled oul for<""')' illdividllBI •<"Cl)' ~•tion. JO lon1111t lhc critcri• att u~ In infonnina 
decisions°" increu.<I llllJllilorinJ and/01 NlhlMsia. This rorm ma) be llk'll ID !Nike a i9l'•OdllU:'CI for &milef CIDC or mul11plc 

;animi11I obscno>1""'5. u 10118 a U..: ~rilrria llnd ......urin1 ')'Siem llR cuo;ll} copicd.f 

Aupll :W12, lllpcnalDI Oclmr 2010 "'1U 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES 
4301 JONES BRIDGE ROAD 

BETHESDA. MARYLAND 2081.(-.4799 

June 9, 2015 

MEMORANDUM FOR DR.l ... ~b-)(6_)---------------
SUBJECT: lACUC Approval of Protocol- Initial R!.!vicw 

The following application was reviewed and approved by the Unifonued Services 
University of the Health Sciences (USUHSJ Institutional Animal Care and Use Committee 
(lACUC) via Designated Member Review on June 8, W 14: 

Animal Protocol Title: ''Development ofl(b)(4) Jor the Mitigation of Acute Injuries from 
Ionizing Radiation in Goningen Mini pigs (Sus scrofa domestica)" 

USUHS Protocol Number: l ... (b_)(_6> ___ __, 

Expiration Date: June 7, 2018 

Supporting Grant{s) Number: l._(b_)(_6_) ___ __, 

Name of Principal Investigator: Dr ... l(b-)(_6_) ___ __, 

The USUHS has an Animal Welfare Assurance on file with the Oflice for Laboratory 
Animal Welfare (OLA W). National Institutes of Health (NIH). The Assurance Nwnbet is 

l(b)(6) lrhc IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by lhe anniversary date of the protocol. If work is to be continued past the 
expiration date, a triennial review must be completed prior t(l the expiration date in order for 
work to be uninterrupted. Protocol expiration dates may not be extended, and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders, it is the 
investigator's responsibility to submit an annual review fonn (Fann 3206A) at le,ast 30 days in 
advance, or a new Form 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing yout fust animal order. please contact MAJl(b)(6) ~o schedule a pre-
protocol planning meetingj{b)(6) I This meeting must occur to ensure animal numbers 
are loaded in the CART system and L.A.M resoun;es arc available 10 meet your needs. 

(b)( ) 

Chair, Inst1tutioaal Animal 
Care and Use Comminee, USUHS 

cc: 
Office of Research 
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USUHS FORM 3206 
ANIMAL STUDY P,ROPOSAL 
PROTOCOL COVER~S~H.=-:EE=-"-T.___ __ __, 
P'80TOCOL_NUMBER: l(b)(6) 

IACtlC Date Stamp 

------;:;:::;:=:::=:::;-' 
PRO_IiOCOL TITLE: Development 10 (b)(4) 'or the mitigation of acute injuries from 
~onizirig 1r,adiatitJn in Gottingen mlniplgs us scro!fa domestics) 

GRANT TITb! (Fif different f11om abovie): Advanced Development o~(bl<4l ~s a 
M!t'igalor for AclJte and De1layed lon'izirng Radiation Injuries 

UBtJ_HS PROJECT NUMBER: ._l<b_)(6_) _______ __, 

FUNDING AGENCY: D:MRDP 

~_AIRL1IEST A~TICIPATl!C FUNDING StASTJOATE~ May 19. 2014 

~;:;;;:~~::::=::==~===-'==~-~='I Ph.D. 

Oepartmei1t Office/lab Telephone 

_ CMJmian_ l(b)(s) I JI~ bl1r 
Title ... ~e..,.le-p .... ho_n_e __ __, Date 

STAT3STICAL REVIEW: A 1person knowledgeable in biostaUstics reviewed this 
propos.al to ensure that the number of animals used is appropriate to obtain sufficient 
data aflldior is not ,excessive. and fhe statistical design is a[ppropriate for lhe intent of the 
s {b)(6) 

1-~~- -l(b~)(-6)~--~~~--........i1.-
0epartment Telephone 

11,b, ,/..JJ i(J/s 

Date 

ATTENDING VETERINARIAN: lin acoordance with the Animal Welfa1re Regulations, 
the 1A'tt.einding Veterinanian was 1consulted in tlhe planni·ng of procedures and 
manipl!llations that may cause more than slight or momentary pain or distress, even if 
relireved by arnesthetics or analgesics. 

J (b)(6) 
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ANIMAL PROTOCOL NUMBER; 

PRINCIPAL 1Nve-sr1GATORd(b)(6J I P11.o .• 1<b)(6) 
l(b)(6) I ------ ._ ________ ___, 

ANIMAb. PROTOCOL TITL.IE; Development ofl(b)(4) for the mitigation of acute 
injuries fmm ion1izi1ng radiation in Gottiingen mlnipigs (Sus scrof:J domestica) 

GRANT Tllbe (iLdifferent from above)~ Advanced Development ofFll4> las a 
Mitlgator for Acurte and Delayed 1or1lzing Rad1iation Injuries 

USUHS PROJECT fNUMSIEB: ...... l(b_)<5_1 _______ ____. 

CO-INVESTIGAT0Rl,Sl: ,__l{b_)(6_) __ ..... I Ph.D., AFRRI 

TECHNICIANS.LS): ..... l<b_)<6_l ____________ __, 

I. NON-TECHNiCAl SYN'OPSIS: Thei(~H4L_ ~ystern is sensitive to injury by 
~MiLlng r-adiatlon.j(b)(-0 . Jsyndro~e. a part of A~utC' · · . ndro~e. (ARS): o~urs 
1n res -:: . . . . . ant portions of the active to 1on1z1ng rad1at1on, 
sbov b)(4) A very limited number of · odels are available for 
the iest na o r.a 1a·uon countermeasures, including non·human primates, dogs and swine. An 
improved understanding of the natural history of radiation sickness and development of multi· 
organ failure Is still largely incomplete. 

_D_t~) has been developing a minip1g model of ARS. Dr. 
(b)(6) has cn:micteri~e , A ARS and has tested the efficacy of the radiation 
countermeasure G~CSF on surv1ival an , b 4 ecovery 1n the irradiated Gottingen min1pig. 
Signs and symptoms, kinetics of blood cell depletion and recovery, multi-organ dysfuMetlon and 
histological findings resembled closely what observed in human victims of radiation accidents and 
in other large an'imal modelsl(b)(4) I 

Our laboratory nas Ghatacterized tihe use ofl(b)(4) ps a radiation countermeasure for 
IO?}l4) !syndrome In mice. We have demonstrated in mice ttle required time couLse for 
apmjnistratnon oflib){4) land dosages of the drug required for preventing mortality a'J,;(_.b) .............. _......, 

j{b>(4) Jlevels of radJaJJ~n_eioo_s_u.Le.._Qu1 r~~earch has also demonstrated tha (b~)_ 
suppresses radiaiion-inducedHb)(4) lln thel(b)(4) land other tissues. 
mitigates radiatio -· · h , xi. nd reduces the Induction of c tokines Induced in res onse to 
racllat!on dama e ·{b)(4) 
[b )( 4) 

Advanced development of a radiation countermeasure requires the testing of the 
countermeasure in two animal species a·s well as demonstration of the mechanism of aetion in 
order to fulfill fhe FDA Animal Rule. The purpose of the curr~ is lhe testing of,.lib.,.)._.(4.._l -.....-_,, 
as a countermeasure in the minipig model developed by Or~to fulfill the req1.1lrement of 
a second species for radiation testing according to FDA requirements. 

U. BACKGROU~O: 
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11.1. Backgr_ound: 

High dose tota l body irradiation (TBI) in humans can result in both acute .and delayed 
injuries. The Acute Radiation Syndrome (ARS) is characterized by the("""'<b_)( .... 4) ___ __, 
{b)(4) syndromes. The mechanisms leading to 
(b)l4) RS remain ~argely unknown, but current ilt'1Jf1orm:atioin ~rdica~e that 

a la a ma 'or role in the loss of l._nb_H_4'_> _______ __, 
b)(4) leading t (b)(4) There are current~y no ,ap,pr,oved 
coun ermeasures for radiation-induced (b)(4) ·njuries, and! it is our long range 
goal to develop effective agents for this condition. The objective of this a lication is to 
evaluate the effects of an FDA-a roved dru b 4 for mitigating (b)(4) ----......... --radiation injuries. (b)(4) as a miti ator of radiat1on-1n uced 

l(b)(4) !injury using a murine model for (b)(4) Injuries, anal[) have 
conducted significant experiments to elucidate its mechanism of act ion in mroe and in ex 
vivo experiments. Radiatlon countermeasures must be approved for human use under 
the FDA Animal Rule. which requires demonstration of efficacy in two species. One 
species may be a rodent, and is fulfilled by our murine model ex(Perimernts, however t:he 
other species must be non-rodent. Our central hypothesis is that o 4 dm~nistra tion 
will have significant combined effects in miti atin radiati01 (b){4} adiaUon 
injuries in the Gottin en rnini 1 model of (b)(4 ARS. 1bX4) .__...,....,.......,...""'!""""---
administered dail (b)!4) was demonstrated to miti ate radiation-induced 
dama e to the kidne in swine (b)(4) 

bJ(4 as at~m emonstrate In swroo to reduoe cardiac 
remodelin. after ex _erimentall· -induced myocardial infr.uction .. l~;;.:.)\im4"-J ----~ ........... 
W ith Dr. b)( ) we will assess in vivo p1riotectio:n and ote~ 
mechanisms 1of action or b - against raaiation· lndt.Dced '(b)\4 J ift'llj·ury irn 
the minipig model o (b)( l RS. This research sll!Jppo s o goa so 
identifying novel therapeutic strategies to mitigate/treat 11he health 1coosequences ·of 
ionizing radiation exposure that exist as a thteat under military operations, 
humanitarian. and counter terrorism environments. 

11.2. Literature Search_f_Qc_Q.up_lk .ation: 

11.2.1. Literature Source(!) Searched; BRO, PubMed . NIH! RePORTER 

11.2.2. pate o f 'Search : 1/06/2015 

11.2.3. Period of Search: BRO; 1998·2014; PubMed: 1985-present; NIH RePOHTER; 
2006-present 

11.2.4. Key Words an_d~S~eaLch Strategy: 
searches were performed using the following key word combinations: 

l<br) ._ mlnipig +l(b)(4l ~ rad iation , o rl(b)(4) ~ minipig + radliation, 
o (b)(4) ~ mlnlpig + radiation, or swine + radlafron 

11.2.5. Results of Search: 
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The NIH RePORTER search of all funded grants since 2006 revealed no related grants. 
Swin1e +radiation provided 123 matches. but none related to ARS. Swine+ radiation +,,.,l<b""'"')("""'4)_]_ 

l(b)(4) lpr0vrided no matches. 

The PubMed search of the list of key words minipig +radiation + j{b)(4) land swine+ 
wadiation + (b)(4) rovided 1 result. 

1) (b) 4) 

The @RD search (1998-2007}: no grants were identified for m1nfpig +radiation 
searches. For swine+ radiation there WE!te 4 results: 

1) Implantation Techni1ques and Specific Absorption Rates for Swine (Sus scrofa) in 
Directed Energy Health and Safety Studies 

2) Pilot study: Development of Gottingen minipig (Sus scrota domestica) as radiation 
injury model 

3) NllRVANA: Non-Ionizing Radiation Vision for a New Army 
4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by 

Combat Medics 

Ill. 08JECTIVE\HVPOTHESIS: 
Data from our laborato.ry and ~~e Hternture Indicate that the inhibition o*b)(4) I 
activation !is protectlv1ti a ~ (b)(4) injuries from radiation in the murine model 
of rndiation=induce (b)(4) s ndrome. We hypothesize that inhibition of 
(b)(4) to inhibitl(b)(4) ~c1ivetlon 
may mitigate radiation !nduced (b){4) n'u b. reducing the loss of mature 
blood cells. sparing (b)(4) cells, and er1hanclng ... 1!1> .... )( .... 4),_____, 

r(bH4> lre,eovery in e . o:ttmgem m1n1p1g mo ~ e o (b)(4) -yndrome. We 
antticip:atie an improvement in survival of at least 30 o. 

IV. MUJTARY RELEVANCE: 
The Oe·partment of Defense {OoD) is prepared to e)(ecute military missions Within 
radlatiorn environments, t10 manage radiation crises associated with terrorist activities, 
and to manage consequences in the event of nuclear weapons detonation. Recent 
studies indicate that there is an increasing risk of e'Xposure to ionizing radiation to 
military pe:rsonnel due to increasing terrorist activities, including potential use of stolen 
nuclear weapons, the detonation of an im rnv1seci nuclear device IND or a lar -e 

. . lJ ~®-: - 00 (b)(4) 

'---------:----~"""'!""""~"""".'""""""".'"""~~!"!"!"!~ ...... H..;--Olilj :.;.;h..;d..;;o..;;.s.;.e...;io;;;..nizing radiation 
results in short. tenm, ac'ute injuries including (b)(4) yndromes. 
However. both high and low dose 1radiation (as may result from a radiation dispersal 
device) can cause delayedl(b)(4) I as demonstrated by previous radiation 
accidental exposur1es. For example, mdividruals accidentally exposed to 8;24 Gy 
radiation in the Tokai-mura. Japan radiation accident were successfully treated for acute 
radiation inju1ries but succumbed to delayed respiratory failure between 82-210 days 
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(b)(6) 

postirradiation l(b)(4) JA radiation accident victim in 
Belarus also recovered~ from acut~ lnjµries b!Ji died from rad iatipn-induoed~Hb~>o:-:(4':"") ............. iiiiiiiiii 
130 days following a 10 Gy ~~posur~ .... r(b_)(_4).---....-......---------..-........... J 

At present, the1re are no 1FDA appr@v~d m@tJlt:131 eorn1t~rrneasur~~ fc.ir mitlg::iition or 
treatment of acute or delayed radiation injuries. The development of new medical 
radiolcgical countermeasures will sign ificantly enhance the warfightlng mission by 
sustaining unit effectiveness ahd are critical for operational preparedness in 
nuclear/radio'logical threat environments. These agents are essential for the prevention 
of radiation oasuames and preserving the Warfighter's effectiveness. One of the primary 
focuses of the DoD rm:edical radiological defense research area is to develop broad~ 
spectrum postirradiation t hi=rapeutlcs effective against acute radiation syndrome (April, 
2009), 

The DoD is committed to protecting the Warfighter from the adverse health effects of 
Ionizing 1raaiation. Our research is aimed at de\fetoping an effective postirradiation 
tountermeasure to: 1) :reduce the casualty load at medical treatment facilities, 2) sustain 
a more effediv~ qperational force after a radiation exposure event, 3) alldW 
commanders to conduct operations in radiation field environments without undue risk of 
decremented performance of personnel due to acute tissue injury, and to 4) reduce the 
negative psych1ological impact on personnel tasked to operate in contaminated 
environments. 

fhe research outlined in this proposal is aimed at developing effective therapeutic 
strategies for the combined treatment of acute and late radiation-induced injuries for the 
Wsrllghtrer. Resullts from these s~udies will additionally nave application for ciViliah use 
and the medical community at large. 

V. MA iERIALS· ANO M_ETHOOS: 

V. if. ExR.etlrrLeJnta.LO_e_slg_o_aJJd_G_enJ!tal e_l:'ote~.u_r!§.: 

Male Gottingen minipigs will be obtained froml(b)(4) I at age 
of approxlmately 4 months. and iat a weight appropriate for h_~ajjb_ animals of that age range. 
Mli'lipiQs will be housed singly to avoid injuries and fed b)(4) aocordlng to their weight 
following recommenda:t1ons from the vendo (b) 4) and IAWUSUHS·LAM 
SOP 22-205 Routine Husbandry of Pigs. Animal care tmd use proceclures will only be 
periotmed by trained and Gertified personnel. 

Animals will have 1~2 weeks Ito acclimate to the USUHS LAM (see time line. below). A blood 
draw wiil be made from each animal to establish !baseline blood cell levels 

~sls."."'ill be transported under a~est~es la tol.(b)(6) J!o¥b)(4) _ l~rrad iatlon In thd,_(b_. )(_6_) ......... 
..... ·L.Jfac1hty (Me V.4.1.2.2 .. Sham 1rrad1ated aimmals w111 be anesthetized, and placed 1n 

tmlils ort and moved to (b)(6) but not irradiated. (b)(4) 
(b)(4) wil be resn1y IFIJeG'te' 
into a grape or mars ma ow or 

Health of animals Will be monitored twice-daily. and temperatures will be taken for each animal 
once a day In the mornling. CBC!differential will be monitored on the da . (b)(4) __ _ 
l(b)(4) !except in emergency cases; where blood fo b 4 wit be taken -y 
LAM request. These experiments will utilize the husbandry, irradiation, and blood draw,.,,..,.=...---. 
procedures perfected in the studies performed under previously approved protocols a~ .... (b_)(_6_) -~ 
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Animals willl be euthan'ized on dayl(b)(4) l iss1.1es and blood samples may be taken at the time 
of euthanasia and ·shared with other 1niiestlgalors for 01odosimetric and rnech;:mlsttc stt-Jdies, 

Seoondan data- oints \l\tllll be ~tanci~rd tiematolo measurements in cerf heral blood 
(b)(4) 

Time Line for experiment: 
(b)(4) 

) reatment onl!o)(4) 

--~r:.---:-~--:-~--"'!'!""!'~----~r-!'l'~ 
3) the leve~s of (bH4 cytokines in the blood; 
~_determined b ~ analysis of the spleen 

...._---------~..---.......-............. ------....... ......----~ .............. ------.... analysis, and spleen and 

Tireatme:nt __ rot.a swill be: 1) sham irradiat (b){4) 2) sham irradiated + (b)(4) 
3 b 4 !rraciia'tion ( )(4) 4 )1(b)(4) lirradia'"'";t:T"lo"""n==+'."il_ ;=b!=!=4~=.r. 
(b)(4) Survival will be determined at (b)(4) Samples of blood wfll be obtained on days -
, b 4 and ~t th~ time of euthanasia D {Time o is the .. tim~ of (b)(4} 

irradiation). The (b)(4) and livers will be removed for analysis. We 
(b)(4) ..... re.quire a total of.N· - , nima·1s per group, and 4 iterations total for this pilot experim ... e .... nt...,, ..--.... 
(b)(4) , ....... g\v.lng.a .totai ... of. .. N · · er group. The iterations would be performed over a period ofl(b)(4) 

l{b){4) t;Ji I be required to complete the experiments since animals will be sir1gly 
housed, which means that ex~~riments can on1y be conducted when the~fficient 
space i1n LAM fer the experiment. Also,l(b)(6) ~ill be shutting down theh~aeility for 

l(b)(6) I meantng that there will be significant delays for the 
e:xfPerirnents to be performed. We want to ensure that we can complete this pilot to obtain 
dear dala to determine whether a larger scale e)(periment should be performed. This will 
be sufficient to provide proof of concept for protection byj{b)(4J lprior to initiation of a 
larger study. 
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(b)(4) ...... ...... rbniimalstgroupx.4 .. freatment groups ·=flaoimals 
(b ){ 4) ·······-· . '.:::~:h~ .~xperimental re.p.eatedJoi:4; .. .totaEOanlmals 

Gr·oups with no pain {Category C)t{b)(4) I 

(b)(4) 

Gr1oups with alleviated pain (Categ._o_ry--:D::-:)
1

1'!:1/b-:-H:-:"4):-----1 

Gr1oups with non~alleviated pain (Category E)._l(b_)(_4J __ 

V.2. Data Analysis·; 

l(b)(4) lhlstology will be scored bY- a blinded veterina 
,.,,...,.,.,.,...~~----"~""""""-'"""""-~.;;..;..;.~'""-~~~-. 

Ex eriments investi atin the effects of (b)(4 
(b)(4) will be done for each endpoint 
using AN OVA in 2 2 • 2 ' , and 2 ., designs. These analyses may also include 
repl'ication. Other statistical analyses will be used where found appropriate, Based on 
previous experience in our laboratory an N of0 s eMoug·h te> obtain..stattstical . . . . .... Jlb.)J.~.l.... 
significance for survi11al in swirne and to obtain statistical si nificance for othed(b)(4) . 

ICb)(4) ldata (b)(4) Although space.__ _ __, 

ti1~quir1e01e.nts onJy: .allow N = rouip per iteration, we will obtain sufficient N for ( )(4) 
"'""""".,,..,..,..,.,._~ 

ana~ysis after 2 iterations. For survival, a higher N is required< We believe that N (b)(4) 
will be sufficient for proof of principle under the current funding. 

V.3. Lat>oratoFy Animals Required and Justiflcstion: 

V.3.1 . Non .. arnimal_Alt~rnatlYe$_Considered: 
For the last B years. we have performed extensive experiments in primary cell culture 
systems to investigate the effects of rad iation on normal cells, However, our culture 
findings have not y·et been shown to completely recapitulate the complexity of the 
whole animal system. We will continue to use primary cell culture wnenever possible 
to avoid unnecessary use of animals. We have also considered computer models as 
alternatives to animals. However, this alternative also lacks the knowledge base and 
corn1plexity needed to evaluate fibrosis and preventative agents. 

8·ecause we do not know all the cell types and tissues involved in radiation injury, and 
how these systems interact with one another for repair or for extension of initial 
radiation damage, thefe is vital information that can be gained only from the use of a 
who'le animal system, Up until now. we have utillzed mice as the least sentient whole 
animal system for our· research ofl(b)(4) las a radiation countermeasure, However. 
in order to advance our research to FDA requirements under the Animal Rule, we must 
investigate the efficacy o* b)(4) lin another, non-rodent species. 

V.3.2. Arnimal Model and Species Justification: 
Tissue culture C1onditions cannot fully substitute for the complexities of whole 
01rganisms. in resronse to radiation injuries. . Such injury involves the interactions 
between thet(b)(4_ !system and other organ systems. In order to develop 
viable treatments for humans, we find that our research must be conducted in whole 
anitna1ls ~ 

Od (b)(6) lhave investi ated the Gottingen minipig 
as an additional large ainimal model for the study of (b)(4) adiatlon injury and 
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tw the deyelopment of radiation countermeasures l(b)(4) 
l<b)(4) j Large, long~lived , non-rodent animal moLd-e-ls_a_r_e_· r-e-qu- l-re_d_f_o_r _d_ru_g_s-tu- a-1e-.s-, ..... 
submittred to the FDA for lic~nsure a . lications. Our previous studies have utilized 
mice for the investlgation of (b)( ) iming of administration, and 
mechanism(s) of action as a ra 1a ion coun errneasure. 

V.3.3. Laboratory Animals 

Strain #1. Strain #2 
\/.3.3.1. Genus & S--eecies: Sus scrofa domestica 

V.3.3.2. Strain/Stock: Gottingen 

V.3.3.3. So,urceNiendor: 

V.3.3.4. Age: 4-6 months 

V,. 3.3.S. Weight: Standard (7-1 3 kg) 

V.3.3.6. S_ex: Male 

V.3.3.7. Special Considerations: None 

V.3.4 .. Number of Aojmals Required (b_y Strain): Sus scrof a domestic a 
Gottingen i._{b_J(_4)_· _ __, 

V.3.5. Refinermrnt. Aeduction. Replacement (3 Rs): 

V.3.5.1. Refinement: 
The study data~points currently mandated by the FDA for approval of rad iation 
counterme!asures under the Animal Efficacy Rule is mortality. Hence the primary study 
data-point in our development of Gottingen minipigs as a model for ARS is survival. 
Moribundity will be used as a surrogate for mortality, and euthanasia will be used in 
order to mln1imize pain and distress, using an extensive set of criteria (see animal 
endpoints, paragraph V.4.5 - Lethargy, weight loss, temperature, rei:spiratory distress, 
iood intake, bleeding etc). Animal care and use procedures will only be performed by 
trained personnel. Extensive human interaction every weekday will reduce stress in the 
animals, Use of slings and anesthesia wlll minimize distress durin~(b)(4) ~ollections 
and the animals will be gradually acclimated to the slings for these procedures. 

V.3.5.2. Re:duttion: 
Blo·od samples obtained from minipigs !before irradiation will s.erve as controls, thus 
reducing the number of animals required for this study. Use of histor1cal controls will 
reduce the riumber of animals needed for this study. 

V.3.5.3. Replacement: 
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Our lao·oratory has made extensive use of primary eel! culture systems for all preceding 
experiments. Eve1ry effort will oe made to continue to use primary cell culture whenever 
possible in fplate of animals. 

V.4. Technical Methods: 

V.4.1.1.1.1. C'Olumn C; 

V.4.1.1.1.2. Column 0: 
V.4.1.1.1.3. Column 6: 

Strain #1 
(b)(4) 

V.4.1.2. Pain Relief I Pre'lention; 

V.4.1.2.1. AnesthesialAnalaesh1/Trangullizatio11: 

BLOOD DRAWS 

Strain #2 

for blood draws, animals will be placed in a sling and anesthetized with inhaled isofiorane via a 
nose cone delivered from a precision vaporizer, If necessary. animals will be injected with 
Telazol (1-2 mgtl<g i.m.), acepromazlne (1.1 -2.2m lk Im iv.sc _. or mlelazol~m 0.1-0.Sm /l<g im 
or sc in order to lace the mask o,n the animals . b)( ) 
b 4 a ar -1f;ln eet1cm o t e :m~a . 

lsoflorane w\11 be ,administered 1uslng a mask (1-4%) , and passi11e scavenging will be done by 
Flair charcoal canisler. 

IRRADIATION 
Prior to transportation tol(b)(S) tor Irradiation. animals will be anesthetized a. (b)(6) ~ith 
Telazol® 4.4 mgfkg i.min combination with :xylazine 2mg/kg im, Alternatively, ketamine (5-20 
mg/kg i.m.)/xylazine (1-2 mg/kg i.m.) can also be used for anesthesia. Atropine (0.05 mg/kg 
s.c., B.m. or i.v.; atropine sulfate, Butler, Columbus. OH) or glycopyrrolate (0.01 mg/kg) i.m. or 
i.v. may be giv,en to reduce mucosa! secretions. 

BONE MARROW ASPIRATION 
A bone marrow aspiration will be performed immediately prior to euthanasia. Samples will be 
collected prior to death to obtain the best quaHty sample. Animals wlll be anesthetized with 
le'Jazol® (4.4 mg/k,g i.m) or Ketamine (5-20mg/kg i.m.) in combination with xylazine 2mg/kg im. 

V.4. 1,2.2. Pre~ and !!_ctst~eroce_du_r.aUrurt .surgery) e_~JQns: 

Body weights will be determined at least once prior to treatment, on the first day of treatment. 
and on days of blood collection. 

TRANSPO:RTATION OF ANIMALS TO~OR lRRADlATON 
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~re·ltrreidiat~oh at USllJHS and Transp·ort to l<b)(S) I Animals will be fasted overnight 
(<approxi1rrately 16 - 18 hi). Anrmals wlH be anesthetized with Injectable drugs, placed in a large 
anim'af kennel on a wneeled cart and taken to the U\M van. The anesthetized .anim~ls will M 
driven td (b)(6) land monitofled en route. Ahimals wili be provided with additional anesthesiaJf 
needed prior to irradiatiM. The kennel containing the swine will be handea over to thcl (b)(6) 
staff. 

IRRADllATION 

Pr~·l1rradiation at!(b)(6) IAnesthetiiea at U.SUHS as described above. Upon arrival td .... ~b_)(_6) __ 
anlm,afs will be wnaer the G<1re of tile b 6 eterinClry staff A* b)(6) ~inipigs will be 
transported to th:e {b)(6) in an approved, covered transport cage. Heart rate and 
temperature will be measured prior to 1rradi3tion. At 1least one vet tech or cne. veterinariah will be 
prASent at tl1e tirne of irradiation. Immediately before irradiation. the vet or vet tech Will 
determine whether or not to administer additional sedatlve to keep the animal anesthetized 
during irradiation. 

Jrradiation procedure: Anjmals will be strapped in place into slings in potyvinylchloride PVC 
frames for irradiation. Effect of anesthesia will be monitored in real time through video cameras 
positioned in 1me!(b)(6) ~.siting area. Mih1pigs will be removed from tne slings once irradiation is 
completed. T ernperature and heart rate will be taken before returning the minipigs to their home 
cages. 

P_ost~ltradiatlon : ·After irradiation. animals will be transp<:irted back to USUHS. Animals will be 
r1eturned ~o their cages, where they will be allowed to recover from anesthesia under the careful 
surveillan'e o! L.AM and/or researc~ staff who will mGnitot vital signs aqd provide thermal 
support (e.g . Bair Hugger blanket) if necessaryl..,<b ... )(_4 ... ) _____ __.J 

Preparabon of the animals: Animals will be tasted overnight prior to blood draws. Blood draws 
w~U be performed by trained tesea'rch arid veterinary staff. For blood draws, animals will be 
placeet Jn slings and sedated usirng nnMlea is·oflorane via a mask. If necessary, Telazol ( 1-2 
mg/kg i.m.), acepromazlne (1.1-2.2mg/kg im,iv.sc). ot mldazolam (0.1·0.omg/kg im orsc),will be 
injected pr~or to j.soflorane. 2-6 ml of blood will be withdrawn from the cephalic, saphenous, ear 
vein or other peripheral vein after the area ha~ been disinfected. Blood draws will occur on 
day*b)(4) l(see time line for experiment). 

After blood draw. animals will be returned to their cages ahd checked to ensure that the needle 
puncture wound is closed and the blood has clotted 

BONE MARROW ASPIRATION 
A bone marrow asp:iratiion will be performed immediately prior to euthanasia. Samples will be 
collec1ed prrior to death to obtain the best quality sample. Animals will be anesthetized with 
Tellazol® (4.4 mg/kg i.m) or Ketamlne (5-20rng/ kg im) in combination with xylazine (2mg/kg 
im). Bone marrow aspiration will be performed with a standard bone marrow aspiration needle 
(Jamshidi). The skin will be disinfected using isopropyl alcohol. Samples will be collected from 
the medial aspect of the proximal tibia, appro)(imately at 1he level of the tibial crest. 
Alternatively, bone marrow may be aspirated from the dorsal aspect of the tuber coxae or 
mid sternum. 

V.4.1.2.3. Paralv:tics: Not applicable 
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(b)(4) 

V.4.1.3. literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1 .3.1 , Sources Searched: Agricola, Pubmed 

V.4.1.3.2. ,.O:ate_Qf Se_arc1n: January 8, 2015 

V,4.1.3.3. e_e__ti!)_d_oiSttcU'_Gb: All available 

V.4.1.3.4. K.e.x__W_o_r_d_s_o_l_S_gL.cll: 
T.he aspects of the sh.tJJele~ant to altern~tives to painful or distressful procedures ar~ the 

........ ~~qil,i,e.l.ae .. to exposure--t · ·t doses causing ARS. We used the following key words 1n the 
search for alternatives: swine, radiatlon/ionizing radiation/gamma radiation. ARS/hematology, 
sequelae, pain, distress, alternatives. 

V.4, 1.3,5. Results of Search: 
PubMed srearcl't Tlhere were a number of reports for the searches that were relevant for UV 
r,adiation, but these were not included in our analysis. 

Swine + ionizing radiation + pain: 2 reports 
Rlcc:obono D et al. 2014 Transient gene therapy to treat cutaneous radiation syndrome' 
development in a mlnlpig model. Health Phys 106:713-9. 

Agay E et al. 2010 Multipotent mesenchymal stem cell grafting to treat cutaneous radiation 
syndrome; development of a new mlniplg model. Exp Hematol 38: 945-56. 

The two published manuscripts were investigations of mesenchymal stem cells for the 
treatment of cutaneous radiation syndrome in the minipig model Although pain is 
mentioned in these manuscripts. management of pain is not discussedl 

Swine+ rad\ation/ARS +distress: 0 12 reports (not relevant) 
Advances in Swine Biomedical Model Genomics. Lunney JK 
Int J Biol Sci. 2007; 3: 179--184. 

Pacing-Induced Regional Differences in Adenosine Receptors mRNA Expression in a Swine 
IModel of Dilated Cardiomyopathy. Del Ray S, et al. 
PLoS One. 2012: 7 

Experimental Infection of Pigs with the Human 1918 Pandemic Influenza Virus 
Weingart! HM, et al. J Virol. 2009: 63: 4267-4296. 

A defect in dystrophin causes a novel porcine stress syndrome. OJ Nonneman, er al. BMC 
Genomics. 2012; 13; 233. 

Guidelines on Management of Human Infection with the Novel Virus Influenza A (H1N1) - A 
Report from the Hospital das Clinicas of the University of Sao Paulo. Flauar LA, et al. Clinics 
(Sao Paulo) 2009; 64: 101S--10i4 . 

. A Reassortment-lncompetent Live Attenuated Influenza Virus Vaccine for Protection against 
Pandemic Virus Strains. Hai R, et aL J Virol. 2011; 65: 6832-664:3. 
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Deletions in the Neuraminidase Stalk Region of H2N2 and H9N2 Avian Influenza Virus 
Subtypes Do Not Affect Postinfluenza Secondary Bacterial Pneumonia. Chockalingam AK, 
et al. J Viral. 2012 April; 86: 3564 

Safety assessment of probiotics for human use. Sanders ME. e. Gut Microbes. 2010: 1: 
164-185. 

Epidemiology of Human Infection with the Novel Virus Influenza A (H1 H1) Jn the Hospital 
das CHnicas. S~o Paulo, Brazil 2009. Schout D. et al. Clinics (Sao Paulo) 2009; 64: 1025-
1030. 

After the bomb drops: A new look at radiation-induced multiple organ dysfunction syndrome 
(MODS) JP Williams, WH McBride. Int J Radiat Biol 2011; 87: 851--868. 

Safety, lmmunogencity and Efficacy of a Cold-Adapted AJAnn Arbor/6/60 (H2N2) Vaccine in 
Mice and Ferrets. Chen Glet al. Virology. 2010 1; 398: 109-114. 

Why is the doctor in the Merry Wives of Windsor called Caius? McNair Med Hist. 1969: 13: 
311-339. 

Swine + radiation + alternatives: 1 O reports (not relevant) 
Advances in Swine Biomedical Model Genomics Lunney JK. Int J Biol Sci. 2007; 3: 179-184. 

A Comparison of the Growth Responses Following Intramuscular GHRH Plasmid 
Administration Versus Daily Growth Hormone Injections in Young Pigs. Khan AS, Draghia
Akli R, Shypailo RJ, Ellis Kl, Mersmann H, Fiorotto ML. Mol Ther. 2010; 18: 327-333. 

Comparison of dkgB-linked intergenic sequence ribotyping to DNA microarray hybridization 
for assigning serotype to Salmonella enterica. Jean Guard, Roxana Sanchez-lngunza, 
Cesar Morales, Tod Stewart, Karen Liljebjelke, JoAnn Kessel, Kim Ingram, Deana Jones, 
Charlene Jackson, Paula Fedorka-Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. 
FEMS Microbial Lett. 2012 December: 337(1): 61-72. 

Society of Nematologists 2011 Meeting: Abstracts: Alphabetically by first author. J Nematol. 
2011 Sep-Dec; 43(3-4): 223-297. 

Antimicrobial Susceptibility to Azithromycin among Salmonella enterica Isolates from the 
United States. Sj61und-Karlsson M, et al. Antimicrob Agents Chemother. 2011; 55: 3985-
3989. 

A critlcal analysis of disease-associated DNA polymorphisms in the genes of cattle, goat, 
sheep, and pig. lbeagha-Awemu EM, et al. Genome. 2008; 19: 226-245. 

Competitive exclusion treatment reduces the mortality and fecal shedding associated with 
enterotoxigenic Escherichia coli infection in nursery-raised neonatal pigs. Genovese KJ, et 
al. Can J Vet Res. 2000: 64: 204-207. 

How sustainable agriculture can address the environmental and human health harms of 
industrial agriculture. Horrigan L, Lawrence RS, Walker P. Environ Health Perspect. 2002; 
110: 445-456. 

Swine + radiation + ARS/hematology: O reports 
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Swine + radiation + sequelae: 2 reports 
Temporal modulation of TGF-beta1 and beta actin gene expression in pig sk:tn and muscular 
fibrG>sis afte'r io'f1izing radiation. Martin Met al. 1993 Radiat Res 134:63-70. 

Mechanisms of action for an anti~rad1ation vaccine in reducing the biologlcal impact of high 
dose and dose-rate, low-linear energy transfer radiation exposure.Mallev Vet al. ~007 
Radiats Biol Radloecol 47.286~91 . 

The reports examined alterations in swine tissue following radiation exposure. but pain was 
n·ot discussed. 

AGRICOLA 
Swine + radiatilon1ARS + pain: O reports 

.Swine+ radlatilon/ARS +distress; O reports 

Swine+ radlatuon/AiRS +alternatives: 7 reports (not relevant) 
Evaluation of a porcine lens and fluorescence as-say approach for in vitro ocular 
toxicological investigations. Oriowo. Om NAL Catalog (AGRICOLA) 

Energy for swine facilities II Alternative sources of energy Fehr. ~I NAL Catalog 
(AGRICOLA) 

Molecular characterization, chromosomal location. alternative splicing and polymorphism of 
p·orclne GFA T1 gene Liu. K NAL Catalog (AGRICOLA} 

'Evaluation of altennadve techniques to determine pork carcass value 
Akridge, Jt NAL Catalog (AGRICOLA) 

Genomic structure. chromosomal loealization and expression profile of a porcine long non· 
coding RNA isolated from long SAGE hbraries Ren, H. NAL Catalog (AGRICOLA) 

Environmental Prevalence and Persistence of ::Salmonella spp in Outdoor Sw1neWallows 
Callaway. Tir NAL Catalog (AGRICOLA) 

Factors affecting c.ellular outgrowth from porcine inner cell masses in vitro 
Schilperoort-Haun, Kr NAL Catalog (AGRICOLA) 

Swine + radlstitm/ARS + hematology: 0 reports 

Swine + radiaNon/ARS + sequelae. 0 reports 

V .4.1.4. U_o_iaJle_viat~ctPainf.itLo.r _Distressful ~rocedure Justificatlo...n: 
Due to the nature of oonizing radiation and the intended treatment given. animals are expected 
to die from a compromised immune system. opportunistic infections and acute radiation 
syndrome. ihe remaining surviving animals are dependent on the countermeasure given. 
Administering systemic anesthetic agents to animals after irradiation are lmown to Interact with 
the irnmtune_s __ sJem s..e_e rele.Lt:mc_e_s in b 4 
b 4 

(b)(4) As a result, this will skew our results and 
would not e pm uctive. A temat1vely, we are providing supportive care in terrns of fluids/ 
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nutnitional supP'ort to increase survival. Use of supportive care is expected to mitigate the pain 
assotiiated to the sequelae of Irradiation. Although we have utilized mice for most of our studies 
as the least :sentient animals to provide preclinical information about countermeasures against 
the toxic effects of radiation, in order to developl(b)(4) las a countermeasure for future use for 
humans, efficacy of the drug must be demonstrated in an additional non-rodent species, in 
compliance with the Food and Drug Administration (FDA) Animal Rule. We have seiected swine 
as a species c,urrently acceptable by the FDA for acute radiation syndrome drug testing. 

V.4.2. p-,.,01,onged Restraint: 

Only short per'iods of restraint in the panepinto sling (<30 minutes) will be necessary for blood 
collect1ons ana the irradiation proGedure. To minimize discomfort. a new type of sling that uses 
softe:r, elastic material to support the animal, and utilizes a more efficient restraint design that 
maintains the animal in place while reducing manipulation by technicians and consequently 
stress to the animals. 

After the acclimation period; animals are acclimated to the sling for 5-10 minutes. 2~3 times 
before lnitlating blood draws. Acclimation to the sling is very rapid and non-stressful; animals 
are rpetted and gently spoken to while restrained, It has been the experience of Dr ..... l(b .... H._6._) __ .... 
group that resting on the sling does not agitate the animal at ail. 

Anl als are anesthetized at USUHS. transported tol (b)(6) I 
(b)~ ) Olding area before being put into slings for irradiation (<20 minutes). Animals will be 
kept under continuous observation while in the sling. Slings will be cleaned with a towel after 
each use, and washed weekly and sanitized. 

V .4.3. Sur,gerv: 

V.4.3.1. P'uMrnrgical Pro\fisioos: Not applicable 

V.4.3.2. ~rpcedu.r:~: Not applicable 

V,.4 .. 3,3. IPost-surgioal Pr,ovisions: Not applicable 

V"4.3.4. location: INot applicable 

V.4.3.5. Surgeon: Not applicable 

V.4 .. 3.6. IMultip~e Major Survival Operative Procedures: 

V.4.3,.6 .. ~. Pro·cedu1es~ Not applicable 

V.4.3.6.2. ,Scientific Justification: Not applicable 

V .. 4,.4. Animal Manipulations: 

V .4.4. 1,. lniectiong_: 
All injections will be administered i.m., i.v. i.e. , or s.c. using sterile needles (23- 21 gauge) and 
syringes. Specific drugs for iniection are defined below: 
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Drugs for injection: 
AtropihelAtroplne sulfate 0 04 mg/kg. s.c . i. v .. or i.m. 
Euthasol® (sodium pentobarbital. 1 mlJ4.5 kg i.v. or i.e. 
Glycopyrrolate 0,01 mg/kg Lm. or i.v. 
Ketamine/xylazine 5 - 20 mg/kg i.m. /xylazine 1 -2 mg/kg i.m. 
Telazollxylazine 4.4 img/kg i.m./2 mg/kg i.m 
Telazol 1-2mg/kg i.m. 
Acepromazine 1.1-2.2mg/kg im.iv.sc 
Mit!azolam 0.1-0.Smg/Kg im or sc 

V.4.4.2. Biosample&: 
Blood samples wiH be collected from the eephalic, saphenous, ear vein'=or other:..,~erlQheral 
yei:o. Animals will be anesthetized with inhaled isoflorane with injected Tela.zol (1-2. mg/kg i.m.}. 
Acepromazine (11-2.2mgfkg im,iv sc). or Mldazolam (0.1-0.5mg/kg im or sc ), if necessary prior 
to isoflurane delivery. Blood will be drawn after disinfectloo olthe area_wJth-10% eth.anol usiog 

1-25 gauge needle. Blood draws will be made on day*b){4) 
{b)(4) ..... . . . 'see experi~en'tal tim~ line); d~y O is the day of lrra ·i ti n. Thi wm e rformed as It is . 

e routinely in the previous minip19 protocols by Dr (b)(6) Each sample will 
be a maximum of 6 ml in volume or less than 1 % total blood volume (whichever is less) andl wlll 
be collected from the ear vein, saphenous vein , or leg vein. 

ilssue aod his'tologjcal sameles; 
Tissue samples, to lncluae organsJb)(4) land hairs. may be taken at the time of 
euthanasia fm slide preparation as well as for frozen tissue repository, and may be shared with 
other 'investigators. 

V.4 .. 4.3. Adjuvants: None 

V,4,4.4. Monoclonal Antibody (MAbs) Production: None 

V.4.4.5. An~ma1 lde.Jltifioation: Tattoos or ear tags and cage cards/tags will be used. 

V,4,4,6. IBe'haviioral Stud·ies: None 

V.4.4.7. Other !Procedures: 

Treatment with (b)(4) 
b 4 will 

(b)(4) ... 9iv1eo. twice.da-iJy,, orally, mg/kg. The (b (4) will be made up in sterile saline and 
injeclted into a grape or a marshmallow and given to the animals to be eaten 
immediately after injection. Animals will be observed for a few minutes after the food 
item is given to ensure that tl'le entire i em is eaten. This measurement is based~o;.;,n.;......_ 
ublished reports of efficacy of (b)(4) for mitigation of radiation injuries to the l(b)(4) 

(b)(4) 

V.4.4.8. Tissue Sharing: 
All tissues are available for tissue sharing since our research will utilize small quantities 
of tissues only. 

V.4.5. Study Endpoint: 
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The data-point currently mandated by the FDA for approval of radiation countermeasures under 
the Animal Efficacy Rule is monbuMity or mortality. Moribundity will be used as a surrogate for 
mortality, and euthanasia will be used in order to minimize pain and distress. Euthanasia will be 
carried oYt When any Me or combination of the following signs of moribundity are ooserved and 
in consultation with USUHS \'eterinarians. 

Absolute 
1. Non responsive, assuming the animal has recovered from anesthesia. 
2. Dyspnea 
3. Loss ot 20% of expected weight (based on Marsl'lall 810-resources growth chart -weight 

vs age- and day 0 baseline percentile) 

Non·absolute 
1. Hyper/hy1potihermia 
2. Anore)(ia (skip 3 consecutive BID meals) 
3. Anemia/pallor, CRT >2 seconds. CRT will be performed behind the ears 
4. Petechiae!/ecchymosis 
5. Vomiting/diarrhea 
6. Lethargy 
7. Seizures or vestibular signs (falling, circling or head tilt) 
8. Uncontrollable hemorrhage 

V.4.6. Euthanasia: 
Animals wili be euthan'1zed according to current American Veterinary Medical Association 
(AVIMA) guidelines. Animals will tie anestheti~!§d with Telazol® (4.4 mg/kg i.m.) or ketamine (5-
20 mg/kg i.m.)/xylazine '(2 mg/kg i.m.). A bone marrow aspiratlon WHI be performed after the 
animal Is anersthetlz.ed Animals will then be euthanized with Euthasol® (sodium pentobarbltal. 
(1 ml/4.5 kg Lv. or i.e.) or another commercial euthanasl:a solution. Daath will be confirmed by 
U0SUHS veterinarian or veterinary technician via auscultation of the heart. with cessation of 
sounds for at least 2 minutes or longer as per current SOP See item v 4.5 for euthanasia 
criteria before the end ~f the study, 

V.5. Vet.Arimu:y Car~: 

Animals will be singly housed, This is necessary since irradiated animals will have reduced 
immune functio:n and can ·de~elop infections from biting or wounds from rough play which can 
be common in these animals. Rooms wifl be maintained on a 12: 12 h light (0000 to 1800) dark 
cycle with the temperature set to 27 to 29°C and 30% to 70% relative humidity. Commercial diet 
(Mini-Swine Diet 8/ 53, Harlan Teklad Diets. Madison, WI) will be provided. Water will be 
provided ad libitutn. Animals wUI be fed twice a day to control weight gain. Animals will also 
need to be fastedi(b)(4) lh prior to anesthetizing for blood draws and for transport for irradiation 
atl(b)(6J I 

V.5.1.1. Study_Ro-9_m: 
Euthanasia will be performed in LAM. 

Building(s) l(b)(e) I 
V.5 .. 1.2. S1te~ial Husbarndt:Y er:_ovislon$.: 
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E_o_o_d Yes 
eestrietlon: 

x No 

fluid Yes No x 
B_e_sJ:fLcJiort~ 

V .5 .. 1 .3.f:xcegtion~: 
None 

V .5.2. Vret·erinary_M_e~~-at_C__~_r_e; 

v .5.2.1. !Routine Veterinarv Medi.t_aLC.ar_e: Animals will be monitored for health. 
humane treatment, and husbandry consideration:s, twice daily by LAM personnel during 
routine weekday rl'.>unas and at least once daily on weekends/holidays, This is in 
addition to, and not in place of, the monitoring that is done by the Pl and their sta:ff. In 
tfhe event of a debilitating illness or adverse reaction, the decision to treat or euthanize 
an animal Willi be made by reither the veterinarian and/or Pl. 

V.5.2.2. Em@irgency VuterinaryM_ettical CarQ.: 
All emer.gency, weekend. and holiday care is provided by two animal husbandry 
technicians, one or more veterinary teetinlcians. and an on-call veterinarian. Essential 
hu~bancuy proc~aures ana ~~a!th rounds ate conaucted by LAM personnel once daily 
durring weekend and holidays. 

V .. 5.3. E·nviro_nmental Errnichment: 

V .. 5.3.1. ,.EJltlcltm_er1LS_tuttJ_,gy; 
Alli ainimals on this protoco~ will be provided with routine environmental enrichment in 
aocordance with LAM SOPs and IACUC Policies. Standard enrichment for swine will be 
included, 
V.5.3.2. Enirlchment Restrictions: None. Animals will be singly housed. This is 
necessary since inadiat.ed animals wlli h:;ive reduced immune function and can develop serious 
infec~lons from citing or wounds from rough play which can be common in these animals, 

VI. _s_r_uov__e_ER_SOJJ~_El_QUAllFICATIOJ-A_S_Aff O TRAINING: 

STUDY PeRSONNEli QUALIFICATIONStrRAINING 

PrGtocol activity or 
procedure (e.g., larl vein Name of person 
i.niectioh!l euthanasia) oertormino activity 
Eutlh~masia (b)(6) 
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3 yrs as researcher (b){6) 

6 yrs as Pl 

8+vrs as researcher 
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(b)(6) 

Blood draws from Training required 
ear vein or 
saphenous vein 
Swine handling Training reQuired 
Swine irradiation Training required 
and monitorina 
Swine neCtoiJSV Traihina reauired 
Anesthesia Trainlna reauired 

l (~(S) f ersonnei who wm be involved in handling animals at._l<b_)(_6) __ ~ 
ame Oearee Trainina Date Scecific trainin~ Years 

(b)(6) DVM. (b)(6i 2011; All ~ 1:1~rinar:-- Jeci~ions 14 ycurs 
,., Cl.AM, 2007-2010: MJ tcdioicul pruccJurcs 
MPH 2007-8 

DVM. I ~'l'J-~(} 1-1 All vl!tcrinar) decisions. 16 ycurs 
protoco I decisions Md 

MPH. techni<:al proc~'llurcs. 

ACVPM 

OVM. ~0-07-2014 All ve1crinQl')' d~cision~ s ~C:lll> 
MPII. ;inJ technical procedures. 

t\CVPM 

DVM, 091:!00•> All veterinar) dtci~ions 7 )'Cats 

PhD. and technical procedures 
MS, O<ll'.ml l 
ACL1\M 

IWM, Jan·M11y I\ 11 w1'-1'inat) Jc~i sions 2.S }'CW"S 

r11n 2014 and technical miining 

DVM l°tb :!OI:! All Vlll'-'Till!IT) J"dSitlll~ 6 years 
nnd technical tr11in ing 

fl8T Nm . 2011 ,\JI \ctcrinar::- tccnnical S yea.rs 
pro~(Jurcs 

AA . . ~fare II Al I vctcri nary tccll.n ical 4 years 
2013 procedures 

lligh Jul~ :?013 All \'-"lcrinar)· ic:chnical l.S y«!urio 

School prcl<:eJures 

RVf. June 2014 All vclcrinlll')' technical 11 year:. 
RA!.A T procedures 

ns July2014 All \.eterinary technical 10 months 
proceJures 

VII. 18101-tAZAROS/SAFETY: PPE will be used to minimize allergens produced by 
swine. Standard PPE include dust mask, gloves, shoe covers, and lab coats. 
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VHI. ENCLOSURES: ( .... ~b-)(-4) _ __,~ata sheets 

References: 
(b)(4) 
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As the Principal lnves,tigator on this protocol,, I acknowledge my responsibilities and 
provide assuranc~s for the following: 

A. Animal Use~ The animals authorized for use 11n this protocol will be used only in 
the actlvit1ies and in tne manrner desenbed herein1 unless a modification is specifically 
apprrdved by the IACUC prior to its implementation, 

B. ouplitatiron o'f Effort: I have made a reasonable, good faith effort to ensure that 
thlis protocol is not an unnecessary duplication of previous experiments. 

C. Stati!tieal Asaurant;t: I assure that I have consulted with an individual who is 
,qua~ified to evaluate the statistical 'design or strategy of this proposal. and that the 
wminlmum inumber of animals needed for scientific validity are used." 

D. Biohazar~\Safety; I have taken into consideration and made the proper 
coordination regariulng all applicable rules and regulations concerning radiation 
pr1otection1 b'iosafety, recombiflant isS'l.leS1 and so forth; in the preparation of this 
protocol. 

E. Trainin,g: I vertfy that the personnel performing the anlmal procedures I 
mani·~ulations I ooservations described in this protocol are technically competent and 
ihave been p1roperly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Traini·n- Course. 

(b)(6) 

/./J,. J, '/J •l,o r 

'""('... .-< <-/,) 

Prln re Date 

G. Traln11ng: 1 1 e :o owing personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Roap.onsibility: I acknowledge the Inherent moral, ethical and administrative 
obligatiions associated with the performance of this animal use protocol, and I assure 
that ail individuals associated w,ith this project will 'demonstrate a coneem for the health. 
comfort, welfare, and well-being of the research an1irnals. Addftionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
"Responsibllity1

' fo1r implementing animal use alternatives where feasible and conducting 
!humane a ~1 -~LWL~.liiSiiJJoi:LI,,.__ 

Prl:n 
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II. Paintul Procedura(s): 

~~ oonctue~ing bl~me~i~I experime~ts which ~ay pot:ntially cause m~re 
than momentart or shght pain or distress to arumals. This potential pain and/c:ir distress 
WILL NOT~ relieved with the use of anestl"ieti~s. anargesles and/or tranquilizers. I 
have considered alternatives kb such procedures; however. using the methods and 
sour10es described In the protocol, I have determined lhat alternative procedures are not 
available to a (b)(4) • ... of this proposed experiment. 
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X, e_eoT_1__0C_O_L ABS_IJ~AiC_I: 
High dose total body irradiation (TB!) ~n humans can 1result in both acute and delayed 
injuries. lhe Acute Radiation Syndmme {ARS) is characterized by th~(b)(4) I 
{b)(4') 1syndromes. The mechanisms leading to 
(b)i4) LARS re'maon largely unkinow~;, but current inft:>rmation Indicate that 
b)(4) lmay piay a major role in (b){4) There are 
currently no appr.oved COU'1termeasures for raci iatton-m. uce~ (b){4) injuries, 
and it is our lorng range goal to develop effective agents for this condition. The objective 
of this applllcatiron is to evaluate the effects of an Food and Drug Admlnistratiem FDA)· 
e roved dru ,i (b)(4) for mitilgating(b){4) ~adiatio:n in'uries. (b)(4) 

(b)(4) as a miti at9r of radiation~induce (b)(4) injury using a 
murine model fio b)(4) njuries, and we have conducted significant 
experiments to elucidate fits mechanism of action in mice and in ex vivo experiments. 
Radiat'ion counte:rmeasurieS must be approved for human use under the FDA Animal 
Rule, wh'ich requires demonstration of efficacy in two species. One species may be a 
11odent, and is fulfilled by our murine model exrperiments, however the other species 
must be non-rodent Our central hypothesis is that < dministratlon will nave 
significant combined reffects in miti atin radiatio (b)(4) radiaUon in,'uries in the 
Gottingen minipig model of (b)(4) ARS. With Dr. (b)(6) we will 
assess in vivo pirdtecUon and otential mechanisms of action of (b)(4) · ai_nst 
r.adlation-lnduoed (b){4) injllry in the minipig mode of b 4 RS. 
Th.is research suppo s o gos so identifying novel therapeutic :strategies to 
mitigate/treat the health consequences of ionizing radiation exposure that exist as a 
threat under military operations .. humanitarian, and counter terrorism environments. We 
anticipate an improvement in survival of at least 30%. 

A. AnUmal !Protocol Number; To be assigned 

B. Anht1al Protocol Title: Development off(b)(4) Jor the mitigation of acute injuries 
fro:rn ionizring radiation in Gottingen minipigs (Sus scrofa domestica} 

C. IPrincJpal lnvestig~t~r: .. l(b_)(_6_) ____ I Ph. 0. 

O. Pe1rforming Orrganization: lJSUHS/AFRRI 

E. JE"mding; DMRDP 

Obiective and Approach 
We wil rn assess in~ rotection arnol otentia~ mechanisms of actio_ll_Qf b) 4 _ gainst 
radia1~on-induted (b)(4) in1·u · in the m!nipig model of l )(4) acute 
radiatijon syndrome. We wlll administe (b)(4) orally to Gottingen m1rnpigs to lowing-l(b-)(,....,.4)--. 

l(b)(4) !irradiation (b)(4) recovery .arod survival will be monitored as well as indicators of 
radiatuon·induced b)(4) ...._ ____ _ 
lndexi1ng Terms (Descriptors): radiatiion, acute (bJ(4> injury1 radiation 
countermeasure, swine, minipig (ib)(4) iirra 1a ton 
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UNIFORMED SERVICE:S UNIVERSITY OF THE HEAL TH SCIENCES 
l301 JONES BRIDGE ROAD 

BETHESDA. MARYLAND 20814-4 799 

February 1, 2016 

MEMORANDUM FOR DR., i.:..l(b..;.;)(;...:6)~===------~===~ 

SUBJECl: IACUC Approval of Protocol - lni1i11I Review 

The following application wu:; reviewed wid approved by the Unifom)ed Services 
University ,of the llealth Sciences (USUHS) lnstitutionul Animal Can: and Use Committee 
(IACUC) via Designated Member Review on fobruary 1. 2016: 

Animal Protocol Title: "Dl!velopme,i'lt o (b)(4) for the Mitigation of'-l<b_)_(4_l __ __,llnjudes 
from Ionizing Radiation in Mice (Mus Muscu us)" 

USlJHS Protocol Number: l._(b_)(_6) ___ __, 

Expiration Date: January 31, 2019 

Supponing Grant(s) Number: ... l<b_)_(S_) _______ _. 

Name of Principal lnvestie.ator: o d._(b_><_s_> ___ __J 

The USUHS has an Animal Welfare Assurance on fi le with the Office for Laooratory 
Animal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Numl:icr is 

l<b)(6) I The IACUC approved the above referenced application as submitted. 

An annual review is required for each of the three years or this protocol. This review 
must be completed by the anniversary date of the protocaL If work. is to be continued past the 
expiration date. a triennial review must be completed prior to the expiration date in order for 
work to he uninterrupted. Protocol c:-:piration dates may not be extended, and no animal work 
may oe done without an approved protocol. Although the IACUC may send reminders. it is the 
invest~gator's responsibility to submit an annual review form (Form 3206A) at least 30 days in 
advance. or a new Fann 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal ord.cr. pleas<! contact MA~(b)(6) Ito schedule a prc-
protocol planning meetingl(b)(G) I This meeting must occur to ensure animal numbers 
are loaded in the CART system and LAM resources are avai lable to meet your needs. 

(b)(6) 

l(b)(6) I Ph.D 

Chair. lnsti!ut1onal Animal 
Care and Use Committee. USUHS 

cc: 
Office of Research 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL 
PROTOCOL COVER-<b-)(~__,) ..........._ _____ ~ 
PROTOCOL NU.MSER: 

IACUC Oate Stamp 

PROTOCOL TITLE: Development of (b)(4) or the mitigation ofl .... <b_)(_4> _ _ _,~njuries 
firom ionizing radiation in mice (Mus musculus) 

GRANT TITLE 1 if different from above : Advanced Oe11elopment ofl(b)(4> las a 
Mitigat-or to (bl(4l oniting Radiation Injuries 

''Y"" \isuHs PAOJECJ'RUMBER: .,_ p1dttiiiifirttrhbe~ .. 1--(b-)(~S)~~~~~~~---

FUNIOl~G AGENCY: DMRDP 

EAliUESIANi lCIPAJ_ec FUNDING STAR:r OA_TE; May 19. 20114 

PRINCIPAL INVESTIGATOR: ..... l(b_)(6_> ___ 1Pn.D. 

l(b)(6) I (<b)(6) J J,, LI. a..:.;-1 ..,.S_ig_11-at-ure_____ '-o""'e_pa_rt_m_e_nt-Offi~1ce-IL_a_b"""T-ele_p_t10_n_e_. Date 

SCIENTIFIC REVIEW: This animal use proposal received appropriate peer scientific 
review and is cons (b){6) ntific research pr. act'f~:i(S J 

Chairman _ I /.J /~ /, ;-
Research Unit Chief · . ept 1 ea · 1gnature Title elephone < ~ 
Typed Name. Dr l(b)(6) I 

S·TATIST1JCAL REVlEW: A person knowledgeable in biostatistics reviewed this 
proposal to ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriaie for the intent of t tne 

sTtsuw .(b)(S) 

l<b)(6) ~ .v~. ''· 1~.,( 
Oepartmer:ir Telephone D~te 

AnENIOING YETERINARIAN. In accordance with the Animal Welfare Regulations. 
the Attiending v ,eterinarlan was consulted in the planning of procedures and 
man1iputations that may cause more than slight or momentary pain or distress. even if 
relieved by anesthetics or analgesics. 

l(b)(6) 

Attendlng/Consultln1 veterlnadan Slgn]'uro 
Typed N:Jme:f/ //J" (b)(6) 
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ANJMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTlGATOR: l(b)(6) I Ph.D .. l(b)(6) 
l (b)(6) I -=====' .....__ ________ __, 

ANIMAL P~OTOCOL TITLE: Development ofl(b}74) lfor the mitigation o~(b)<4 ) 
injuries from ionizing radiation in mice (Mus musculus) ,__ __ _, 

GRANT TITLE (if diffe1rent from above): Development oi(b)(4) lfor the mitigation oi 
j(b)(4) rrom ionizing radiation in mice (Mus musculus) 

USUHS P_ROJECT NUMBER~ ._j{b_)<6_) ________ _ 

CO-llNVE:STIGA TOR.( Sl: none 

1Ek.-tiNlCJA}4_SlSl: .... l<b_H6_> ____________ __. 

II, NOIN-TECHNICAL SYNOPSIS: The terrorist attack of September 11, 2001 against the 
United States has increased the concern that terrorists may acquire and use radioactive sources 
(e .. g dirty radioactive bombs) to expose military and civilian populations to ionizing radiation. 
However. despite this concern, there are currently no FOA approved drugs tha• can be used for 
the e:n1:m~t population to prevent death that is likely to result from exposur~ to ionikiflgi radiation. 
lb)(4 inadJation in !humans can result in bothHb)(4) I 
b)(4) injuries. However. because rodents are more reSi"$tan,t to pultncmazy,· fn!Un~s than 

umans t iere is currently no murine model that has been developed to studyj<bX4> ,__ ____ _, 

adiatlon injuries In the same animal. 

(b)(4) In ct, we . _ 
1-ave recent y oun t at (b)(4) an ea minis ere . -pest1nra .. 1at1on .up. ..pt)sfir.i:adiati.on (b,)(4L. 
to provide s,taHsticany similar ~evels of mitigation . Our proposed studie~ here ~in expand our 
under-standing of the mechanism for the effects o~(b)('!j ltor protection aga1nstl(b)(4) I 
l(b)(4) tadiarion injuries in animal models for each of these injuries. 

Our overall aim is to develop an effective. non-toxic radio rotectanu radiatherapeutic ttreatmeflit 
strategy that can be used for protection against boll (b)(4) effects of radiation 
exposure in a murlne model for both types of radiation itf u . ur laboratory has characterized the 
use :ot l~b)<4l 0s a radiation countermeasure fo (b)(4) syndrome in mice. We have 
demonstrated in mice the required time course for adminlstratiM o b 4 and dos~ - es of the 

J:!rg ~qiuired for preventing mortalliy at the 50% lethal dose at {b)(4) 
(b)(4) evels of tadiation ex- osure, Our reiearch has also demi...;.o_f!s-=:t~ra~te~d~~th~a":ji_ o;;;;:b'!" ..... 4 .~""""s~u~pp_r .... esses 
radiation-Induced (bl(4) end other tissues, mitigates 
radiatio .. ; · 
dam<it e (b. (4) 

lb)(4) We have also found that b}(4) reduces radiation-induced (b)(4) 
(b){4) -hen administered frorr(3-f:'lpostirradiatio.":::n~i. t~r.:":".ou~_g~hP-~: ... ~ay~$'.""".:::: .. -.:::·.--.. ........ -...... , J~ML 
postorrad1at1on. We w1sn to determine whether a shorter time course o"(b)(4) ! admlnistrat~on 
would have s1m1lar effects" 
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11. 6ACKGROUND: 

11.'1. Background: 

The acute toxic effects of exposure to high doses of ionizing radiation in humans have been shown 
to occur due to two sequentlal effects: first the ablation of immune cells. resulting in loss of immune 
function and increasing likelihood of pathogenic infection i; and subsequently the loss of epithehal 
progenitor cells of the gastrointestinal (GI) crypt 2 3

. Both of tMse events have been shown1 to be 
due to the toss of fast-growing pluripotent andlor progenitor cell types The time course of the acute 
Jnjur.ies correlates With rhe life span of the mature cell types of the tissue. which are not replaced 
!because of radiation aamage to the adult plunpotent cells and adult stem cells. There 1s currently no 
FDA [Spmved r ophylaciic or treatment for prevention of acute radiation injuries following high· 
dose (b)(4) radiation e)(posure. 

Jn some cases supportive measures can be used to treat acute radiation syndrome. and 
surv1ival ftoml{b)(4) l radiatlon ~i<posure is now possible 4• $ This results in current efforts to 
mitiloate or treat later staae effects of lonizinq radiation exposurel(b)(4) 

In humans. death from l(b)(4) 1can occur following 
survival fror-rl(b)(4) lsynoromel(b)f4\ I 
Cumulative evidence from a number of laboratories. including our own. shows that there is a 
threshold dose of radiation ofl\b)(4) Ito induce suffieient<bI(4) I for thel(b)(4) l~nd 

l !b)(4! bhases to occur 1in mice; below these doses. no permanent injury manifests, although 
some shGrt-tertn effects are observee:ll<b)(4) I However, in 
humans, there Is currently no accepted protocol for prEM:mtative treatment of radiation~rnducedl 
b 4 and morblditi as hi has 50% is assiJciated with each ·hase 0.l (b)(4) 
(b){4) in1jun""'e-s"'"'fr_o_m _ _. 
rad1at1on us considered t·o be a serious pro · lem ir1 t e ie d or t e eve opmen\ o agen~s to 
prevent these radiation injuries. 

(b)f 4) and its proteolytic produc· ·o 4 ~ ·heir 
primary biological functions 1n blood pressure homeostasis. However f,b}(4) hav@ 
been demonstrated to be upregulated in fibrotic tissues. Inhibition of (b)(4 or blockade of the 

lcb)(4) tece tor$ m1 cells has been shown to amellorate dru -induce b)(4) in murine :'Ind rat 
models for (b 4) 
(b)(4) receptor antagonists also prevent following 
ischaemiafreperfusion in rat models o ,_(_.b):n41t1)"7'!T ___ T""':"' Several 
st utlie s have also showrµ~J:D.CJJ..W;U.W:lJ21~.l..:!.L---llilli2WilUJ..Clll..IIUl.lfoll.iWW:.iil.QJ'l'4tion-induced 
injuries, indudi · h (b)C4) One stud!y 
shows that the (b)(4) reduces acute damage to th 4 in mice 
following exposure tolfb)(4) !This work examined only initial tissue injury and 
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(b)(4) ····- ·-····~!.on.otexte.nd. flndings pas: -
reduction in b 4 
f,aaiation (b )( 4 l ................. ____ ___. 

Preliminary Studies: 

ays, and did not examine mortality. A second study found a 
In rats exposed tol(b)(4) I 

ll.2. Literature Sear,ch for Duplication: 

il.2.1. LiJerat.ure Source(sJ Searched: DTIC, PubMed , NIH RePORTER 

11.2.2. Date of Search; 11/19/2015 

U.2.3. Period of Search: DTIC: 1998-2014; PubMed: 1985-present; NIH RePOR.TER: 
2006-present 

U.2.4. Key Words and Search Strategy: 
searches were performed using the following key word_ combinations_: 
~+ 1r.3t!~atlon + munne/mouse,l(b)(4) ~ radiation iJCb)(4) ~i"IJt.Jry. 
L_J+ 1rad1allon + lung 

lil.2.5. Results of Search: 
1) BIRD:l(b)(4) F radiation o~(b)(4) ~ ra_d_ia_tio_n __________ _ 

Two grants were funded to examine the activity bf .... l(b ..... ).._(4 .... ) -------------' 

(b )( 4) 

2) A RePORTER search revealed 2 current grants studying the e_ffects otl(b)(4) Ion 
radiation induced injuries forl (b)(4) I 

(b )( 4) 
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None rif the f1mded studies duplicate our research of l(b)(4) ~nd radiation-induced 
l(b)(4) !injuries. .....__ ____ _ 

3) PUBMED Search 613115 
None of the publications available described a murine model for bothl(b)(4) 

l (b){4) !injuries from radiation ---------

(b)(4) 
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(b )(4) 

Summary or other publications 
(b )( 4) 
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(b)(4) 

(b)(4) administration on radiation-
esl ned for the irradiatioh of small 

.'--....--a'""'st- 4 .... y_e_a-rs--or_s...,.tu_d.,..y""'in (b )( 4) 2) 

-~~...;.;....;......--.-.....,...-F.:ad~· m~· ':'"in..,.is-.;tration an (b)(4) of administratrion 
on radiation-induc (b)(4) using th (b)(6) and 3) examine e mec anfam of delayed 
and llimited ~lme course o aam mstration o b 4 for prevention atl(b)(4) I 

IV. MILITARY RELEVANCE: 
The Depantment of D@fense (DoD} is prepared to execute military missions within 
radiation environments, to manage radiation crises associated with terrorist activities, 
and to manage consequences in the event of nuclear weapons detonation, Recent 
st udies 1indicate that there is an increasing risk of exposure to ionizing radiation to 
military personnel due. to increasing terrorist activities, including potential use of stolen 
nuclea~ weapons, the detonation of an im -rovised nuclesr device IND or a larve 
radiolo . ical dis . ersal device ROD (b)(4) 
(b) 4) High dose ionizing radiation 
resul1ts in short term. acute injuries including hematopoielic and GI syndromes. 
However. both high and low dc>se radiation (as may result from a radiation dispersal 
device) can causel(b)(4) I as demonstrated by previous ra.cliation 
accidental! exposures. For example, individuals accidentally exposed tol<b)(4) I 
radiation in th'e Tokai-mura, Japan radiation accident were s,uccessfully treated for acute 
radiation injurues but succumbed to (b)(4) between 82-210 days 
postirradiation (b)(4) A radiation accident vi;ctim irn 
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Belarus also r1ecover1ed .from acute injuries but died from radiation~induced r:;> 
130 days following al(b)(4) lexposur~(b)(4) ......., ____ _. 

At present. there are no FDA approved medic.al countermeasures for mitigation or 
tr1eatment of acute or delayed radiation injuries. The development of new medical 
rad1iological countermeasures will significantly enhance the warfighting mission by 
sustaining unit effectiveness and are critical for operational preparedness in 
nuclear/ifadiological threat environments. These agents are essential for the· prevention 
ot radiation casualties and preserving the Wartighter's effectiveness. One of the primary 
focuses of the OoO medical radiological defen~e research area is to develop oroad
snectrJJr: postirradiation therapeutics effective against acute radiation syndrome-l<b-) ... (4-) -

l/b)(4) J 
The DoD ~s committed to protecting the Warfighter from the adverse health effects of 

ionizi1ng radiation, Our research is aimed at developing an effective postirradiation 
countermeasure to: 1) reduce the casualty load at medical treatment facifities, 2) sustain 
a more effective operational force after a radiation e:xposure event, 3) allow 
commanders to conduct operations in radiation field environments without undue risk of 
decremented rperformance of personnel due to acute t issue injury. and to 41} reduce the 
negative psychological impact on personnel tasked to operate in contaminated! 
environments. 

The research outlined In this proposal [s aimed a1 developing effective therapeutic 
strategle,s for the combined treatment of acute and Late radiation-induced injuries for the 
Waftfighter. Results from these studies will additionally have application for civilian use 
and the medical community at large, 

v. M.ATERIAlS AN 1D METHODS: 

Ex erimental Desi n and General Procedures: 
(b)(4) radiation used to induce (b)(4) irradiation wiil be 

el'formed using th~(b)(6) ~rradiator i · (b)( l hirty minutes prior to irradiation, the 
(b){ID_ rradiator and lead shield will be deconiaminated thoroughly with MB10. Sham irradiation, 
where indicated, will be performed by placing the mice in jigs for equal length~ of time with no 
irradiation. 

V.1.1. Experiment 1 Determine the effect of delay~dministration ofl(b)(4) Ion 
(b)(4) ....... ,,.,,. ... J~,ryr.:vlv..al. JollowJng,l(b)(4) ,,, irr-adiation;·E:Jmice:LJin category El- ~ ........ ,-...... -....... -..... -, _. , ............ J~)~~) 

Rationale: Experiment 1 will be used to determine wheth,erl(b)(4) ~an be administered! in a 
d'eiayed time course following radiation exposure. and lo det rm1n · h , h rt st time course of 
admlinlstration. Our ex erlment will be based on findings by (b)(4) Mwing that 
anotiher b ·4 can rnitrgate radiation-induced {b) 4) when administered 

(b)(4) ~,w, .. , ~lartD.~ . . ats'[ostirr.adiati~~ conUnu~d·:thr~ug ·~ days postirrad_i~tio.n . Our ta~o!~tory ~o , · ... , 
found thatl!bJ4_ !could m1t19.ate rad1ation°1nduce b 4 1n1unes when 1mtratedLjh· , ... , !,!),).(~}_ 

(b)(4) ...... P.Q.S.tlrr.adiation .. ~hroug , eeks,..:E.,ostirradiatlon; survival was not statistically different from 
(b)(4) ... , .... , ~J!mini,$tr.atim:t.of (b)(4) . .. , froFALJl postirradiation through[Jweeks .. po&tirradiation . ............. , , .. ,,., .. , ,.,, ... J~),~~L 

(b)(4) 

l<b){4) lwill be provided in the drinking water at l<b}(4) ~ogive a dosage o~(b)(4) lper day 
for the duration of the experiment startihg on day O. Our preliminary findings indicate that there are 
no adverse effects due to long term use o*b)(4) I We have used this drug in tlhe water to treaa 

.. J'.nl~e Jor..JUp¢oEJdays with no findings of adverse effects. Mice will be exposed tol{b)f4) I 
j(b)(4) Ix-ray irradiation,l(l:i)(4) loose rate. in thel(b)(6) I 
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Ac1dif ed water will be provided for all mice to reduce opport1.m1sttc infections mat occur following 
l<b)(4) •rrad1ation For mice to be treated withhbl{4! lw1ll be provided in acidified 

water Acid1fieCl water bottles am:JHbX4i lwater bottles will be prepared by tt\el(b){4) I and 
will be replaced 2x per week in accordance wrth LAM protocols Extra water bottles Will be prepared 
in advance and they will be available in the room where the animals are housed in case they are 
needed to replace a leaking water bottle. 

Mice will be monttOf6d monthl· usin non-invasive. unrestrained (b)(4) to determine 
b 4 . F'or these studle{::J--.. (~).(4) 
mice are required per radiation dose to provide stat1sucal s19n1ficance. the ex nment wtU not need · 
to be repeated with this number o! animals per rou The time oint fo )(4) . i~d-ay.s.... ..(b.}(4) 
based on data from previous stua1es by others (b)(4) The time point forWlliri:] 1s 

Kb)(4) lda1t based on orevlJus studies by others (b)(4) Although breathing will 
be rno11i tored .~b)(4) _results will not be used as a sole 1nd1cador far euthanasia. (See 
secti'on V 4.'.6). 

Experiment 1a. To determine the o timal time of initiation of b 4 reatment groups wm be. 1 
no treatment: 2} (b J days postirradiat1on 3 b 4 . ays post1rradlatio b ·f 
days postlrradiatlon; 4 b ( ) ays postirradiatio (b)(4) ays postirradiation, 5 (b)(4) 
days postirradiation ) 4) ays postirradiation. ...._ ___ ___. 

(b)(4) O micelgroup ~ 5. grouf)s Qnice, all category E 

Ex riment 1b: To determine the optimal time for endin dmm1stration for mitigation of 
b)(4) The optimal time point for initiation of (b)(4) adm1n1strat1on will be obtained in 
e nll ~ will be initiated at that optimal time point and continued 
for (b)( ) ays. There will also be a no treatment group control.that will 
receive acidified water wit b (4) 

_______ _. 

(b){4) G ica/group I( 5 groups !>O mice, all category E 

endpoint: Endpoint for the experiment will be survival at D ays. Animals surviving .. tolfb){4) L(~)(~)_ 
days will be euthanized and tissue will be obtained. Early time points will be taken if aniy an.imal 
exhibits signs or symptoms of morbidity or moribundity Sueh animals will be euthanized at the 
time of observation. 

V.'1.2. Ex erl!fllimL2 Determine_tbe optimal dose ofl(b)(4) ltor improved surviva1I 
(b)(4) .,,._,,., .. fQUowi.ng (b)(4t .... ,, irr.ad-iation. l ·· lmice:O in catego"'"ry_E_) _ _, 

Rationale Experiment 2 will be used to determine whetherl(bJ(4) ldosa e can be reduced for 
m1t1gatlon of dilaved rniiatiori-ind~ced 15)~4) injuries. o~~ data fr~ {b)(4) irradiation 
and the use of (b)(4) ~ · ·· aga1ns b)(4) niury Indicated tl'la b 4 can 
be reduced to as little a (b)(4) m mice to obtain survival equivalent t 4 We 
will use 1be oeimal f1me course or 4 administration as identified in E.x riments 1 a and 
1 bl(bX4) ill be administered at (b)(4) in 

(b)(4) 
ae1difi·ekf tet) Control group will have acidified water w ith no CJrug administered For these 
studies nice are required per radiation dose to provide statistical significance: the 
experimen will not need to be repeated with this number of animals per group 

{b)(4) ~=-;-::.:-::.:.Ornice/group K 3 groups :Qm1ce, all category E 
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(b)(4) 

(b)(4) 

(b)(4) 

V.1.'2. Experiment 3 Determine the mechanism of action ofH .... b_.X.._4.._) _ _.lfor mitigation 
p~(b)(4) . .. Jnjuries. GmiceO n category E,[Jategory C) 

Rationate~Ex erun.ent 3 will be used to examine the mechanism of protection forl ... <b-.)(..,.4._) _ ..... 
against (b)(4) 1n1unes using the newly 1dent1fied optimized times of aam1rt1strat1on of 
b 4 from Ex _ dm_e..ms i and 2 Our data from our revious ex eriments indicates that 

(b)(4) reduces b)(4} that can 
be detected al ays postirradiat1on. We will examine the optimal time course and optimal 
dosage o b (4) ornpared with our previous find1ngs l<bl(4) I 

{b)(4) 

postirradlation). A control group will receive acidifi~ater but nol(b)(4) I For this exp€!riment. 
a sham irradiated group will also be required. OnlLJnirnals · er ·Qroup are .r.-ieeded. Tisfil.Jes Y!UL(b )( 4) 

. be oibtamed trom .an1ma~s ·aJ thgC).j9ys post1rrndiat1on {bl(4) issue w111 be obta1ried ro~tb)(4) I 
l<b)(4) ~nalys1s. Tnis e:xperiment will rieed to be repeated 
o:nce. 

······················ ................... J~l<.~t 

V.2. Data Analysis: 

Experiments 1 and 2: Survival· Log-Rank test will be used for companson among groups. If 
s1gn11i~ant. Fisher's exact test will be ysed to dete~t significant differenc~. cross the group~ 

(b)(4) 1n survival rates at daYl!Kaplan Meier curves will be displayed N = ice per group will (b)(4) 
have 80% power m detecftng a significant difference between two groups 1 any, given type I 
error of 5% where the treatment group survival rate is at least 68%, compared to a control 
group survival rate of 20% Similar statements would appty. if the treatment group survival 
rates are at least 83%. 78%. or /3%. compared to vehicle group survival rates of 35%. 30%, 
and 25%, respectively l(b)(4) I 
Experiment 3: Analysis of variance (ANOVA) will be used to detect significant difference 
among the groups. If significant. then the pair-wise comparison by Tukey-Kramer will be used 
to identify whicn group is different from the omer. Based on our current data from otner 
radiation experiirnents for the induction of apoptotie and senescence marKers and specific 

(b)(4) .... J~fi.a.mmatory cytokines, .. N :f"lriice.per group could have 80% power_to detect any significant 
difference between groups tfany, given type I error of 5% and delta/sigma has at least 1.4, 
where the delta is the estimated mean differences between !he two groups and sigma is the 
pooled standard deviation of the two group~{b){4) I 

V.3. La t>otatorv Animals Required and Justification '. 

V.3.1. Non-animal Altern_atives Considered: 
For the last 9 years. we have performed extensive experiments in primary cell culture 
systems to investigate the effects of radiation on normal ce lls. However, our culture 
findings have not yet been shown to completely recar.J itulate the complexity of the 
whole animal system. We will continue to use primary cell culture whehever possible to 
avoid unnecessary use of animals. V~e have also considered computer models as 
alternatives to animals. However. this alternative also lacks the knowledge base and 
complexity needed to evaluatel(b)(4) land preventative agents. Because we do not 
know all the cell types and t issues involved in radiation injury, and how these systems 
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interact with one another for repair or for extension of initial radiation damage. there is 
vital information that can be gained only from the use of a whole animal system, 

V.3.2. Animal Model and Species JU§tification: 
Tissue culture conditions cannot fully substrtute for the complexities of whole organisms 
in response to radiation injury. Such injury involves the interactions between the 
hematopoietic system and other organ systems. In order to develop viable treatments 
for humans. we find that our research must be conducted in whole animals. 

Research in tne field of radiation countermeasures also advocates the mouse as the 
best species to use for radiation protection and radiotherapy protocols: 1) mice provide 
the least sentient species available whose response to radiation has been clearly 
identif1ied. with physiological responses to radiation and radioprotectants that are similar 
to human physiology, 2) extensive literature is available on responses of mice to 
radia~lon and countermeasures, 3) more reagents are available to study the relevant cell 
types and molecules in mice than in any other species except humans, and the 
availability of transgenic and knoGkout mice make this model extremely attractive for 
further research into molecular mechanisms, and 4) our research group have extensive 
experience with this model in radiation injury and radioprotection research . 

V.'3.3. Laboratory Animals 

V.3.3.1. Genus & Species: 

V.3.3.2. Strain/Stock: 

V.3.3.3. S·ource/Vendor: 

V.3.3.4. Arul: 

V.3.3.5. Weight: 

V.3.3.6. Se.x: 

USUHS Fenn 3206- ReVIH<I Ociober 2008 
Previous versions are obsolete 

Strain #1 
Mus musculus 

CSA. female. CBA mice 
have previously been 
demonstrated to be 
sensitive to radiation
induced b 4 
'b 4 in a shorter 
time course than C57BU6 
mice, and in a pattern that 
more closely resembles 
b 4 in humans 

(b)(4) 

l(b)(4) 

6-10 weeks 

Standard ( 17-21 g) 

Female Only females will 
be used m this study for 
the following reasons 1) 
we have so far utilized 
female mice to lay the 
foundation of our studies 
for rad1ation-1nduced 

Strain #2 
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l<bH4> I 
lung in1ur1es, 2) because 
of long housing periods. it 
is advantageous to use 
female mice that are less 
aggressive toward each 
other. 

V.3.3.7. Special Consicterations: None 

V.J.4. Number of Animals Required {by Strain) : Mus musculus 
==l<b}(4> I 

V.3.5. Refinement; Redoction, ReplaG-ement (3 Rs): 

V .3.:5.1. ~@finement: 
Animals demonstrating moribundity due to radiahon exposurel<b)(4) I 

l<b)(4) lwill be considered to have arrived at the study endpoint and win be immedliately 
euthan,ized (See sections V.4.5 Study Endpoint and V4 6 Euthanasia). The literature 
search revealed that, at present. there are no alternative procedures for irradiation 
because its effects cannot be otherwise duplicated. In some cases radiation has been 
demonstrated to reduce pain in laboratory mice (b)(4) and nas 
been in humans reported to alleviate cancer related bone pai L(b....:.)....:.(4....:.) _____ ___, 

l(b)(4) I A recent report showed that administration of botulinum toxin 
A was effective for reduction of pain and muscle spasms after clinical radiation for 
treatment of tumorsJ(b)(4) I Application of natural 
honey 20 min prior to radiation exposure was also s.hown to reduce mucos1tis with 
associated pain in humans following head/neck radiotherapyL..l(b_)(_4_) ______ _, 

l<b)(4) I it has not been determined whether honey acts as a local radioprotectant. Spinal 
cord stimulation has also been reported in humans to alleviate pain resulting from 
radiotherap~(b)(4) I however, this method would not be practical for 
use in mice because of the extensive spinal cord mani ulation re - uired. Human 
administration of morphine also relieves pain (b)(4) but again this woutd 
not be practical for mice in our experiments because o s1 e e ec s of the dru:g. In 
humans. e.xposure to total body irradiation may induce vomiting and diarrhea. causing 
pain and distrress. However, mice are not susceptible to vomiting. 

v .3.5.2. Reduction; 
Whenever possible our laboratory used shared control groups between experiments. 
Tissues will be collected for multiple as.says from the same animals further reducing the 
total number of animals needed. At every stage of the research , planned experiments 
will be reevaluated. in an attempt to reduce the numbers of experiments and eliminate 
repeats of experiments where statistical significance has already been obtained We 
also plan to take as many tissues as we can reasonably analyze for experiments. 

V .J.5.3. Replacement: 
Our laboratory has made extensive use of tissue culture techniques to study the effects 
ofj(b)(4) land radiation on cells, While these studies have provided valuable 
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data, it is not feasible to use non~animal systems in place of animal models to address 
the research questions in this protocol. 

V.4. Technical Meth_ods: 

V.4.1. Pain I Distress Assessment: 

V.4.1.1. APHIS Form 7023 Information: 
v .4.1.1.1 . Numbet of Animals: 

Strain #1 

V.4.1.1.1.1. Column C: 

V.4.1 .1:1.2. Column o: 
V.4.1.1.1.3. Column E: D 
V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/ Analgesia/Trangu ii ization: 

We will !be unable to use analgesics since they have effects on (b)(4) function 
that would interfere with the interpretation of our results {b)(4) '-----------......j (b)(4) Some sedatives ha\le been reported to contribute to 
postoperative ( )(4) which likely reduce some functions of radiation. 
Additionally, it has been shown that the biometabolism of analgesjcs can iqduce protein 
oxidation. which would interfere with sample analysislL..<b_X_4_) _____ __.J 

An anesthesia protocol has been developed for use during the X-ray irradiation. 
Ketarnine will be used with xylazine for longer anesthesia in mice to be place in 
restraints fod(b)(4) Irradiation. Under the training protocol at AFRRI in conjunction 
with the AFRRI veterinary staff, we found that in female CSA mice. -12 weeks old. Lp. 
injection of 150 mg/kg ketarnine plus 18 mg/k x la2ine resu lts in 60-80 min anesthesia 
(25 G needle) with no morbidity or mortality (b)(4) We propose to use this 
concentration of anesthesia . together with a heating pa to eep mice warm during the 
period of anesthesia. Standard i.p. injection methods are used for injection of the 
anesthesia 

V.4.1.2.2. Pre- and Eost~erocedural (not surgery) Pro_vlsioJJs; 

Animals will be housed and cared for as described in Section V. 5. Veterinary Care both before 
and after dose administrations and irradiation procedures. 

V .4.1.2.3. Paralytics: Not applicable 

V.4.1.3. Literature Search for Alternatives to Painful or Distressful Prgcedures: 

V.4.1.3.1. Sources Searched; DoD Bioedical Research Data Base (BRO). Ri=PORTER. 
PubMED 
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V.4.1.3.2. Date of Search: November 19. 2015 

V .4.1.3.3. Period of Search: All available 

v .4.1.3.4. Kev Words of Search: 
Pain, analgesia. anesthesia. mice, radiation, ionizing radiation. humane,L.l(b_X_4_) __ __, 

V.4.1.3.5. Results of Search: 
The literature search revealed that at present, there are no alternative procedures for 
irradiation because its effects cannot be otherwise duplica ed. ln_s_ome_cas_e_s_tatliatLoJL 
has been demonstrated to reduce pain in laboratory mice i..;.(b_).;..(4.;..} --""""l"l'!""\""l""~----...., 
and has been in humans re orted to alleviate cancer related bone pai ,_<_b)_( _) ___ _, 

(b)(4) recent report showed that administration of 
o u mum ox n was e ec 1ve or reduction of a1n and muscles . asms after clinical 

radiation for treatment of tumors (b)(4) Application 
of natural honey 20 min prior to rad1at1on exposute was a sos -own ore uce mucositis 
~soclated pain in humans following head/neck radiotherapyl(6)(4) I 
~it has not been determined whether honey acts as a local radioprotectant. Spinal 
cord stimulation has also been reported in humans to alleviate pain resulting from 
radiotherapy fb)(4) I however, this method would not be practical for 
use in mice because of the extensive spinal ~ord manipulation required. Human 
administration of morphine also relieves pairf b)(4) I but again tf\is would 
not lbe practical for mice in our experiments because of side effects of the drug. In 
humans, exposure to total body irradiation may induce vomiting and diarrhea. causing 
pain and distress. However. mice are not susceptible to vomiting. 

V.4.1.4. Unalleviated Painful or Distressful Procedure Justificatio : 
Anesthesia will be used before b 4 irradiation to avoid stress from restraint. We will 
be unable to use analgesics after irradiation since they have effe;.::::c!.::ts:..;0::.:..11iiiiijb -----==:! 

b 4 

( )(4) In experiments where tissue collecttion is 
needed, animals will be euthanized with pentobarbitol prior to sample collection as 
described elsewhere. 

V.4.2. Prolonged Restraint: 

l(b)(4) I irradiation will require restraint in desilned jigs for - 30 min to receive X-ray 
exposuret(b)(4) _ animals will be anesthetized during this 
period (see Anesthesia above) and tails will be taped to one side wrth surgical tape. The 
jigs for use duringltb)(4) !irradiation were examined and approved by the Veterinary 
staff. An image of the jig is now provided (see attached). We found that in female CSA 
mice. -12 weeks old, i.p. injection of 150 mg/kg ketamine plus 18 mg/kg xylazine resu lts 
in 60-80 min anesthesia {25 G needle) with no morbidity or mortalit$b)(4) I 

j(b)(4) I We propose to use this range of concentration of anesthesia, together with a 
heating pad to keep mice warm during the period of anesthesia. Standard i.p. injection 
methods are used for injection of the anesthesia. as recommended. 
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V.4.3. Surgery: 

V.4.3.1 . Pre-surgical Provisions: Not applicable 

V.4.3.2. Proc.edure: Not applicable 

V.4.3.3. Post-surgical Provisions: Not applicable 
V.4.3.4. Location: Not applicable 

V.4.3.5. Surgeon : Not applicable 

V.4.3.6. Multiple Major Survival Operative Procedures: 

V.4.3.6.1. Procedures: Not applicable 

V.4.3.6.2. Stie.rntific Justification: Not applicable 

V.4.4. An'imall Manipulations: 

V.4.4.1. lni-ections: 
Intra-peritoneal inJect1ons of pentobarbital for euthanasia 0.1-0 2 ml/mouse Fatal Plus {39-78 mg 
pehtobarbitaVmouse). will be performed with a 25 G needle. A single Ip. injection of 150 mg/kg 
ketam1ne plus 18 mg/kg xylazine will be done using a 25 G needle. This has been extensively 
used by our laboratory and shown to effectively produce non-lethal anesthesial(b)(4) I 
b)( vehicle oniy orJ(b)(4) I will be administered by a 

(b)(4) s1n9I (b)(4) 1.p 1nJect1on h before radiation exposure also With 25 G needles. 

V.4.4.2. Biosam.gles : 
All biosamples will be taken after euthanasiaJ(b)(4) !will removed en bloc. All other 
tissues will be available to other researchers for tissue sharing. 

V.4.4.3. Adtuvants: None 

V .-4.4 .4. Mo,noclonal Antibody (MAbs) Prod_uction: None 

V.4.4.5. Anim_al ld._1.mJif1icatio.n: Ear punch and cage cards/tags will be used_ 

V.4.4.6. Behavioral Studies; None 

V.4.4.7. Other Procedures: 

Treatment with b 4 
(b)(4) Our preliminary findings 1nd1cate that 
there are no adverse effects due to long term use o b 4 We have used this drug in the water 

(b)(4) to tr,a.t mice for .up to(=1days with no findings of adverse effects. 

Thoracic irradiation 
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The methodology rod (b)(4) hrradiation of mice including approval of holding Jigs and 
develo ment of anesthesia was developed in c · n io with the AFRRI Veterinary Staff. 
(b)(4) rradiation will be performed using the (b)(6) irradiator 1ri(b)(6) Hnner 
room. Thirty minutes prior to irradiation. the b)(6) ·rrad1ator and lead shield will be 
decontaminated thoroughly with M810 

Mice will be anesthetized by IP injection in the USUHS LAM facility. Anesthetized mice will be 
placed in ventilated Lucite Jigs. which restrain the animals to prevent lateral or vertical 
movement. Tails wilJ be taeed to--Prev~nt any forward motion of animals Mice will be irradiated 
ad(b)(4) l1rradiationf:ollow ing radiation exposure, rruce will be 
1mrned1ately returned to tf\e LAM and allowed to recover from anesthesia under supervision with 
heating pads lmmed1ate1y upon recovery. animals will be returned to standard cages that house 
4 animals per cage. Lucite Jigs will be sanitized with soap and water after eact\ use. 

Whole body, no:n-6nvasive ple • ..,t .... hy.,.s .... m ....... a ... g...,ra .... p .... h..,.y,__ ________ _ 
INon-anesthehzed, unrestrainedl(b){4) lwill require individual 
animals to be placed in a clean plexiglass chamber (- 12 cm In diameter, - 15 cm high) tor 45· 
60 min. Animals will not have food or water during this time, but they will have a continuous flow 
of fresh room air. Theid(b)(4) l is measured based on warming 
and humidifying of the air in tile chamber The ammals will experience no restraint, no 
anesthesia. no drugs, or other manipulation during this time. Following the measurement, to be 
performed m the room in which they are housed, the animals will be returned to their original 
cages Chambers will be sanitized after each use. 

V.4.4.8. rlssue Sharing: 
All t issues are available for tissue sharing since our research will utilize small quantities 

of tissues only. 

V.4.5. StudY.sEndpoint: 
For expe~nts 1 and 2. survival will be the endpoint For experiment 3 , an early time point will 

(b)(4) .. be taken,u days post1rradiation. Moribundity will be used as a surrogate for mortality, aM 
euthanasia will be used in order to minimize pain and distress. Mice will be monitored following1 
signs of moribundity. Specific health assessment cntena mclud1ng rapid weight loss ( 1 Ol-15%), 
ruffied fur. oned lacrimal fluid accumulated 1n the cul-de· sac of their eyes. are cool to the touch, 
decreased appetite, diarrhea, difficulty breathing or panting Hb)(4) I 

l(b)(4) I Mice exhibiting these signs will be considered morbid and will be monitored by the Pl 
1or other members of the 1nvest1gat1ve team at least twice daily, early morning and late 
afternoon Mice will be considered moribund when. in addition to showing some or all of the 
signs of morbidity, they exhibit labored breathing plus ert:her an inability to remain upright or a~e 
unmotivated to move 

V.4.6. Euthanasia : 
Animals will be euthanized according to current American Veterinary Medical Association 
(AVMA) guidelines. Animals will be anesthetized with Te-lazol® (4 4 mg/kg i.m .) or ketamine (5· 
20 mg/kg 1.m.)/xylazine (2 mg/kg i.m.). Animals wi ll then be euthanized with Euthasol® {sodium 
pentobarb1ta1, (1 ml/4.5 kg i.p) or another commercial euthanasia solution. A physical methoa of 
euthanasia (cervical d1slocat1on of bilateral thoracotomy) will be used to ensure that no animals 
recover See item V.4 .5 for euthanasia criteria before the end of the study. 

V.5. veterinary Care: 
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\I .5.1. Husbandrx Considerations: 

C
. I ~ I be grou~ housed. ~o food or hqu1d restnct1o~s are requir~. Water _cont_a~ni~g __ 

111 be provided and will be labeled and present 1n the room in case water Dottles need 
ed l aboratory staff will be responsible for refill ing water bottles. 

\/.5.1.1. Study Room: 
Euthanasia will be perf o~r-..m~e~d_ln""-----""~""i 

Bu1lding(s) (b)(e) .__ ______ ...... Room Number(s) '--l<b_)(_B) _ ___ _,.....~ 

V.5.1.2. ,Special Husbandry Provisions : 

food Yes No x 
Restriction: 

Fluid Yes No x 
R~stric'tion : 

V .6.1.3.ExGt tions: 
water with or withouf._b_)<_4) _ _,~i ll be provided for all animals by the Pl. but no 

._r_e_s_n_c-10-'n in fluid will be needed. 

V.5.2. Veterinary Medical Care: 

V.5.2.1. Routine Veterioacy Medjcal Care: Animals will be meJi red for health, 
humane treatment, and husbandry considerations. twice daily by personnel during 
routine weekday rounds and at least once daily on weekends/ho 1 ays. This is in 
addition to. and not in place of, the monitoring that is done by the Pl and their staff. lni 
the event of a debilitating illness or adverse reaction. the decision to treat or eutnanize 
ian animal will be made by either the veterinarian and/or PL 

V.5.2.2. Emergencv Veterinary Medical Care: 
All emergency, weekend1 and holiday care is provided by two animall husbandry 
technicians, one or more veiterinary technicians. and an on-call veterinarian. Essential 
husbandry procedures and health rounds are conducted by~personnel once daily 
during weekend and holidays. L...J 

V.5.3. Environmental Enrichment: 

V .5.3.1. Enrichme11LSttaJegy: 
All animals on 't:!'Jocol will be provided with routine environmental enrichment in 
accordance wit SOPs and IACUC Policies. Standard enrichment for mice will be 
included, such a lets. 

V.5.3.2. Enrichment Restrictions: No restrictions 
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VI. $TUOY PERSONNEL OUALIFICA'i'IONS ANO TRAINING: 
STUDY' PERSONNEL QUAi..JFICATlONSITRAINING 

Qualifications of person Specific training in this 
Protocol activity or performing activity (e.9. activity or procedure 

procedure (e.g .. tail vein Name ot person research technician. 2 (e.g . rodent handling 
ln1ect103'i'S, euth~n~s1a) oenormlhll ~rtiv1t11 yrs exoerrencel class_, W99}1 

Euthanasia (b)(B) 9 yrs experience for (b)(6) 

euthanasia 

Euthanasia 10 yrs for eutMnasia 

Euthanasia 12 yrs for euthanasia 

Thoracic irradiation 4 yrs experience for 
thoracic irradiation 

Thoracic Irradiation 4 yrs experience for 
thorae1e irradiation 

Thoracic irradiaiion 4 yrs experience for 
thoracic irradiation 

VII. BIOHAZARDS1SAFETY: PPE will be used to minimize allergens produced by 
m1ice, St~mdard PPE it'lclude dust mask. gloves, shoe covers. and lab coats, 

Vllil. ,EN.CLOS_UJ~._E_S: 1 .... (b_l<4_>_ .... rata sheets 

I- , ~ . ...-.----· I"(~ , ~ ' 

(b)(4) 
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(b)(4) 
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(b)(4) 

~X. ASSURANCES; 

As the Principal Investigator on this protocol. I acknowledge my responsibilities and 
1provide assurances for tile following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort: I have made a reasonable, good faith effort to ensure that 
th ~s protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance; I assure that I have consulted with an individual who is 
quaMied to evaluate the statistical design or strategy of this proposal, and that the 
"minimum inumber of animals needed for scientific validity are used ." 

0. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
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b)(6) 

G. • erionnel will attlnd the neit USUHS 
Investigator/Animal Uur Training Course~ 

H. R .. ponslb111ty: I acknowledge the inherent moral, ethical and adn1niltratlw 
ot>Ugationt associated with the peffom11nce of this animal UH protocol, and r uaure 
that all Individuals anociated vAttl this project wiH demonstrate .i concem for the healtt't, 
comfort, welfare, and WW!l-being .of tne ratearch animals. Additionafly, I pledge to 
conduct tl'Ms atudy In the spirit of the fourth "R• that the DOD has ambracedl, namety, 
•Ae~1iblltty' for im~monting animal use 1Jtomatlva wnere feaslDfe and C'Qnducflng 
hUm1M atta llWNI ruearen. 

~(b)(6) 

I. Painful Procedu~a): 

1 ~T conducting biomedical experiments Which may potentially cause mote> ·-wy Ot 1lgnt p1in « diitteH to lfllmlit. Thil pot6nti•I plin nl« diltrtH 
®U. .... _;;;;;_IJ..~ NONO;,;::-_Tt_be relieved \Mlh the use cl anatMtlca1 analgeliGs end/« lrllnqldzers. I 
have con•~ alternalMtl to 1ud'\ prcceclures; newtv.t. using the methodl and 
SOl.KCft dncrlbed in the protOCof. I have determined that altamatfw proceduru ar. no1 
avail · objedlves of this~ •~l'iment 

(b )(6) 
,£1 •• tj l.···lf t,, 
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X . . PROTOCOL ABSTRACT: 
The terrorist atlaek: of September 11. 2001 against the United States has Increased fhe conoorn 
that terrorists may acquire and use radioactive sources (e.g. dirty radioactive bombS) to expose 
military and civilian populations to ionizing radiation. However. despite this concern. there are 
currently no FOA approved drugs th~t can be used for th.e general population to prevent death that 
is ~ ikely to restJ~t from exposure to lon1zfng radiation.l(b)(4 ) hrradcation in humans can result m 
beth llb)(4l !Injuries. However, because rodents are 
more l'·esistant tol<b>f4l liniu~es than humans, th~r~ Is e~rr~ntly no murine m~del_that !has. 
been developed to Stl<idY both l~)(4) ~aa1at1on In urres In !he siame animal. 

Our studnes have shown that administration of th (b)(4) 
...,.-.,....,......~~ ~---..-....~~ ........ -.-.-----.... ....... ~ ......... -..---' 
(1b)(4) can protect laboratory mice from the acute let a e ects o 1oruzing rradtatton. · e ha_ve 
teste ) 4) n a h1Qt1-tlostfil>)(4! !only irradiation model for the generation <*b)(4) In 
mice. · ,ur preliminary data indicate that b protectsl(b)(4) lfrom radiation-induc-ed 
and ~ncreases the meah survival time from b 4 irradiation by ~50-75% . Our proposed studies 
her,e will examine the optimal time course fo b 4 -dministrahon and the optimal dosage of 

l\b)(4) lin mtce. Our aim is to develop an effective, non-to)(ic _rad~f;jrntect_antJ radioth~rapeutle 
treatment strategy that can be used for protection against botH!b)C4) leffiects. of 
radiation exposure in a murine model for both types of radiation irijury. 

A. Animal Pr.otocol Number: To be assigned 

B. Animal Protocol Title; Development ofl(b~'4 ) ltor the mitigation ofl{b)(4) 
...,.l(b..,.,)(....,.4)""1njuries from ionizing radiation in mice (Mus muscu/us) ......._...._.~___. 

c. Principal Investigator: .... l(b_)<_6J ___ _.I Ph.D. 

D. !Performing Of\ganiz.ation: USUHS 

E. [Furiding: DMRDP 

Objective and Approach 
We ~i~l ass.ess in vivo pr~tection of th~(f )(4) f~o~ ra~iation injuries ~sin~._l<b_)(_4_) __ .... 
adm1n1strat1on and short time courses o admrn1strat1on ofl(b)(4) lrn mice. 

~ndexin Terms Descri tors : radiation .... l<b_J_<4_> __ __.linjury, rad iation countermeasure. 
mouse (b)(4) irradiation 
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UNIFORMED SERVICES UNIVERSITY OF THE HEAL TH SCIENCES 

<130· JONES BRIDGE ROAD 
sE'fkE&D.I. MAR'tLAND 2oa · ..... 799 

!'.fa) 16.1016 

MEMORANDll\~ H>I< l>R ...... f b_)(B_l ___ _.I DI f>,\R I Ml: \ I or Pl IARM,\COLOCi y 

l'h<: follm~ ing :.ipplication \\JS rl!' ic\\Cd and appro\cJ 11) tht' l lniforml.!d Services 
llnh ..:rsit\ of thL' I kaltll Sd~nci.:~ 1 USUHSJ ln~1i1utionul .Animal CnrL' and lisL' Committee 
(JAClJC ). via lksignatcd Mcmlwr Rcvic" on Ma~ 16 . .2016: 

Animal Prot01:nl Titl~'. •·.K_app<.1 R~c~ptor Anta~oni:.l:i u:. Rapiu Acting Antidepressants in Mice 
(mus rnu:sculus ,.. 

1
(6)(6) 

l 'SUI IS Proto~ol 'umtx'r: . 

fa pi ration I )<.111.:: \la~ IS. ::!019 

~upnortin.i (~rnn11~1 \umh~r: l 'Sl TBO 

~umc of Principul J q,~:it11rntoL Dr .... l16_x_6> ____ _. 

lhe L SL.f IS ha~ an Anunal \\'c.:lfun.: As:mrance on fik '' ilh th.~ Otli'-'I! t'br l.ahorator~ 
Animal Welfarl! (OL.-\ Vo'>. '\a1ionul l11sti1u1c~ lil'lkahh (!'Jiii). I he As~urallci..· Numb.:r is 

l(b)(6) IThc l:\Cl <: aprroH:d tht: alwH~ rdcrcrn.:cd npplication as subrnittr.!J.. 

An annui.Jl rcni.:w is r~quir1.•J for l.'at.:h of th~ rim!..: ~~ars 1.1f thb protocol. l'his revic" 
must ~ compktcd b~ the ann i\'l!rsnry da1c· l)f tll~ protocol. If work i!\ to he ..:ontinui.:d pa.st t'1c 
..:;-;pinuion JLJLc. u Lri1.:1mial re\ it:\\ nlliSl ti~ (omplctl'd prior to the ~xpir:uion Jml! in order for 
work to he unintcm1ptcd. Proto..:ol c:o\pirati,m dm~~ mu) rwl b\! cXt\!ndcd. and no animal work 
may be don~ with<lllt :in upproH:d protoc,>1. Although thl.' IACUC may send reminders. it is the 
invcs1igator's n:sponsihilit~ l1l sullmit an annual r~\ i~v. form (Form J206A) at kusl 30 days in 
ad\'t\OC~. l)r ;.I 11\.'\\ hlrlll J~O() for trknnial rC\ ic"° al kuSl '(1(11.la) :I in aJV<JJ1L't' Of l'Xpiration. 

Prior to pladng ~our lir:.t animal ord~r. pl~u:-.1;' conwct ".-1.\.1116)(6) lw s~h~~uk u pw-
protocol planning m~l!t i ng l<b)(6> I J'his meeting rnust oc~ur to cnsur~ animal number~ 
ar~ loaded in till• R.YI ~ :>~ st~m nn<l L\\J n::>vun;,~ an: a\ ailable to lllt>t'l ~our needs. 

(t>)(6) 

Ph.D . 
........... 1-a .... 1 r-. """n-!1 ..... 11-t u- 110 1 w I i\ n i mul 

Care and 1 1 ~~ C'ommittc~·. l 'Sl 'I IS' 
~i.:: 

Ollkc of Rcscarcl1 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR:f1>J(s) !Ph.D. 

ANIMAL PROTOCOL TITLE: Kappa Receptor Antagonla1S as Rapid Acting 
Anddepressanta in Mice (flus muacu/us) 

GRANT WLE (jf different from above): 

USUHS PRQJECJ NUMBER: 

CO·INVESTIGATORlS)fL..6>_161 ____ __.I Ph.D. 

TECHNICIANSIS): To be hired (2) 

I. NON· TECHNICAL SYNOPSIS: 

The purpose of studies In this protocol is to use mouse models to determine whether 
kappa opioid receptor antagonists are likely to be effective for the clinical treatment of 
depression and anxiety disorders and should be advanced to the next stage of 
investigation. Cunent antidepressant medications have a slow onset of action and many 
patients (20-40%) fail to respond to multiple trials and are treatment resis1ant. Recent1y, 
ketamine has been shown to produce rapid antidepressant effects that are sustained for 
about a week in treatment.resistant human patients and in animal models, but 
hallucinogenic and amnesic effects limit its widespread application. This proposal will 
compare the effects of ketamlne with two novel kappa opioid antagonists (L Y2456302 
and L Y2444296) because preliminary data showed that other kappa opioid antagonists 
can produce rapid and sustained antidepressant and anxiolytic effects in animal mOdels. 
The results of this project will establish whether these two novel kappa opioid receptor 
antagonists have the ability to produce rapid antidepressant and anxiolytic responses in 
mice that are similar to those of ketamine and to determine whether they share a 
common molecular mechanism of action. 

11. BACKGROUND: 

11.1. Background: 

There is a clear medical need for new drugs that would expand options for treating 
comorbld depression and anxiety, especially for treatment-resistant patients. This is 
especially true recently since an increasing number of patients (30-40%) are refractory 
to current antidepressant medications. In the past few years. low dose ketamine t'la$ 
been shown to produce antidepressant effects in treatment-resistant patients, showing 
that novel antidepressants can be developed. The effects of ketamine are a medical 
breakttirough because they occur immediately and last for about a week, unlike most 
antidepressants that require a month or longer before they even begin to work. The 
overall goel of this research program is to use established rodent models for 
antidepressant and anxiofytlc drug effects to provide evidence that kappa opioid 
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receptor (KOR) antagonists have the potential to be developed as rapid and sustained 
antidepressants. 

KOR antagonists are another unique class of drugs that may have rapid antidepressant 
effects. KORs and their endogenous ligand dynorphin are established to undertie 
dysphoria and depression accompanying exposure to stress. Some experimental KOR 
antagonists have been shown to produce antidepressant and anxiolytlc effects In animal 
models, but pharmacological characteristics (irreversible blockade) of these compounds 
have made them unsuttable for clinical development in humans. 

The proposed studies will evaluate the effects of two novel KOR antagonists, 
L Y2458302 and L Y2444295, as potential antidepressant and anxiolytic drugs using 
animal behavior tests. These are new compounds that can be developed ln humans. 
Studies win determine whether the KOR antagonists produce their behavioral effects in 
mice more rapidly than established antidepressants and are sustained with a similar 
time course to ketamine. The behavioral tests used will be: the forced swim test and 
novetty~lnduced hypophagia. tests that are sensitive to traditional antidepressant drugs. 
The experiments focus on comparing the time of onset or duration of activity for 
ketamlne, L Y2458302 and L Y2444295 with the known delayed action for SSRI 
antidepressants. Other experiments will establish the mechanism of action of the KOR 
antagonists using mice with constitutive deletion of kappa and mu opioid receptors or 
after treatment with a glutamate antagonist. The most rigorous rodent studies will show 
reversal of the effects of chronic mild stress on the production of anhedonia and anxiety, 
effects similar to those shown by human depressed patients. Taken together, these 
experiments will form a basic foundation for proposing the development of novel KOR 
antagonists as rapid acting antidepressants for eventual testing in patients with 
treatment-resistant depression. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Sourcela) Searched: Pubmed, Psychlnfo, DTIC, FEORIP or NIH 
RePORT 

11.2.2. Date of Search: April 29, 2016 

11.2.3. Period of Starch: entirety of each database . 
11.2.4. K•v Word! and surch strateay: 
#1 - Kappa antagonist AND Depression AND Forced swim test ANO Mice 
#2 • Kappa antagonist AND Depression AND Novelty-induced hypophagia test ANO 
Mica 
#3 - Kappa antagonist AND Depression ANO Chronic mild stress ANO Mice 

11.2.5. Results of Search: 

There latest search on April 29, 2016 found 8 hits for l Y2456302. Four of the 
studies demonstrated LY2456302 penetrated the brain and occupied kappa opioid 
receptors. One studied pupil diameter in rats and humans. One study involved only 
humans. One hit mentioned LY2456302 in a review article. The Rorick-Kehn 
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rcfercnce l(b}(a} lmcasurecl the 
effects of l.Y241·129S in the fotci:d swim tesl of Nii i Swis~ mice shortly after drult 
.ldm inistration using a different str<.1in of rnou s~ than us«!d in our h1bora tory. The 
duration of effect for LY2156302 in the forced .S \vim test or any other behaviora l 
test. the point of these studies. was not meas ured. There were 3 hits fo r 
l.Y'l414•i296. One of the hits involved acu ll' effects of L Y2H4295 on .1lrnhol 
drinking. Two hits involved the <Jcutc cffrcts of l.Y2111295 in the forced swir11 test 
or the NIH test. However, there was no information at longer time intervals. as 
proposed to he studied in these experiments. In addition. no studies with either 
drug involved mcilsu ring drug effects i fl the \JCMS procedure 01' with genetic 
mutants as pror)()scd in these experiments. 

Ill. OBJECTIVE\HYPOTHESIS: 

Our overall goal is to evaluate the potential of two novel kappa opioid receptor 
antagonists to produce behavioral effects that are similar to established antidepressant 
drugs (fluoxetine) and to ketamine under three different rodent behavioral tests and 
models of antidepressant effects The hypothesis is that the kappa opioid antagonists 
L Y2456302 and L Y2444295 will show a pattern of antidepressant-like behavioral 
responses. 

IV. MILIT ARY RELEVANCE: 

Major Depressive Disorder (MOO) is one of the most common psychiatric disorders, 
wi~h a lifetrne prevalence of 17% in the United Statesl<6)!4> I 

1<6)(4} I MOD is considered one of the most disabling medical conditions and is redicted 
~ leading contributor to the worldwide burden of disease '--_, ______ _. 
~Depression and suicide are acknowledged to be important pro ems in military 
personnel. with rates of depression and suicide that are even higher in non~deployed 
Army so!diers than in the general population. Conventional antidepressants are only 
ettective with 50-60% of patients. Our goal is to use data from ariim~I behavior tests to 
help develop Kappa opioid receptor (KOR} antagonists as a novel antidepressant 
medication for patients with treatment-resistant depression and suicidal ideation. 

V. M,&1ER\ALS A.NO Ml:THODS: 

V. 1. f~perirnental Design and General Procedures: 
The effects of ketamine and the novel KOR antagonists, L Y2444296 and 

L Y2456302. will be studied in models of depression and anxiety in mice. Experiment 1 
will examine the effects of the drugs in the mouse forced swim test. It is also necessary 
to examine the effects of the drugs on locomotor activity to know whether the effects in 
the forced swim test are specific. Experiment 2 will evaluate the effects of the drugs on 
the novelty-induced hypophagia test. Experiment 3 will evaluate the effects of the KOR 
antagonists at blocking analgesia. Experiment 4 evaluate the effects of the drugs in 
mice without mu and kappa opioid receptors. Experiment 5 is the ability of AMPA 
antagonists to block the effects of ketamlne and the KOR antagonists. Experiments 6 

USUHS Form 3206 - Revised October 2008 
Prev1ou& vefSIOl\S arl! oosoiete 

4 



and 7 will evaluate the effects of the drugs in the Unpredictable Chronic unpredictable 
mild stress (UCMS) model. 

V.1.1. Experiment 1: Forced swim test (FST) and locomotor actMty. 
Ketamlne produces a<:ute and protracted behavioral effects on antidepressant tes1S 

in rodents such as the FST. Acute effects cxx:ur dlling the mt hour whereas 
protracted effects persist for days after a single Injection. This experiment wtll examine 
whether 1he KOR antagonists also produce both acute and protracted behallioral effects 
in a rodent model of antidepressant activity. The experimert will first detennine a dose
response curve (0.3, 1.0, and 3.0 mg/kg i.p.) for the aOJte effects of the setective KOR 
antagonists L Y2456302, L Y2444296 and ketamine at reducing lmmobiDty in the mouse 
FST 1 hour after injection. From these results, a dose will be selected for further testing 
of each drug over time. The time course of behavioral activity will be determined over 
days (at 24 hours, 48 hours or longer) after injection to determine whether these drugs 
produce protracted behavioral effects. 
NUMBER OF ANIMALS REQUIRED: 360 males, 80 females; Cetegory E 
N = 10 animals/group. Different animals are required to be teated at different times 
because prior experience with the FST can change perfomiance. The experiment tests 
how long each drug produces its effects on this behavior. 

Female mice: NIH requires that female mice will be Included in the research program. A 
group cl female mice (NeBO mice) will be tested wittl each drug using a dose shown to 
be effective in male mice. 

JUSTIACATION: 
Time after in~--=..... 

Ketamlne 1 hour 24 hours -48 hours 
Saine 10 10 10 

0.3 10 10 10 
1 10 10 10 
3 10 10 10 

LY2466302 1 hour 2'4 hours 48 hours 
Saline 10 10 10 

0.3 10 10 10 
1 10 10 10 
3 10 10 10 

Females 1 hour 24 hours 

Saline 10 10 
Ketamine 10 10 

LY2456302 10 10 
LY2444296 10 10 

LY2444296 1 hour 24 hours 48 hours 

s 



Saline 10 10 10 
0.3 10 10 10 
1 10 10 10 
3 10 10 10 

Locomotor actMtv 
It is important for characterizing antidepressant effects in the FST that drugs do not 

show increases in locomotor activity. To evaluate locomotor activity for these drugs, the 
mice will be tested for changes in locomotor activity using the same doses and time 
parameters as were active in the FST. To conserve animals, the tests will be done with 
the same mice used in the FST one week later. 
NUMBER OF ANIMALS REQUIRED: 360 males, 80 females 
N = 10 animals/group 
For justification, see table above. 

V.1.2. ExP'riment 2: NIH test. 
This experiment will determine a dose-response curve and time course for the acute 

effects of ketamine and selective KOR antagonists In the NIH test. Mice are first trained 
to eat Reese's peanut butter chips from a petri dish in daily feeding sessions lasting 15 
min in individual cages. Training sessions continue until the mice approadi the food in 
less than 30 seconds for three consecuUve days. 

After accomplishing the training described above, mice are presented the food in a 
novel cage session, with bright overtiead lights and a lemon scent. Approach latency 
and food consumed are measured during the 30 min session. Mice will be injected with 
drugs 1 hour prior to testing. A compktte dose-response curve for the effects of 
L Y2456302, L Y2444296 and ketamine will be obtained at: 0.3, 1.0, and 3.0 mg/kg i.p. 
given 1 hour prtor to testing, in comparison with saline-treated control groups tested 
simultaneously. After selecting a dose for further testing of each drug, the time course of 
behavioral activity will be determined over days (at 24 hours and 48 hours) after 
injection to detennine whether these drug treatments produce protracted behavioral 
effects in the NIH test. 
NUMBER OF ANIMALS REQUIRED: 360 males, 80 females; Category C 
N = 10 animals/group 
For justification, see numbers in table above. Different animals are required to be 
tested at different times because the novel test cage is no longer novel after prior 
exposure. The experiment tests how long each drug produces Its effects on this 
behavior. 

V.1.3. Exoeriment 3: Analgesia study. 
This experiment will use analgesia produced by either the MOR agonist morphine or 

the KOR agonist U50,488 to measure the occupation of the two KOR antagonists and 
ketamine at MOR and KOR during behavioral testing . Analgesia wiJI be measured 
using the response of mice to lick their paw or jump off the surf ace of a hot plate set at 
55 degrees C. If animals do not make either the licking or jumping response within 30 
sec, they will be removed from the hot plate to protect them from tissue damage. The 
occupation of opioid receptors by the antagonists will be estimated from studies that 
measure the doses and time course for blockade of analgesia produced by the KOR 
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agonlst US0,488 (1 o mgJkg) or the MOR agonlst morphine (20 mg/kg) at 1 hour post
Injection. SUS1ained opioid receptor OCaJpation over time wlll be determined by 
retesting the same animals at 24 and 48 hours post..;njectlon. The experiments will 
determine: 1) whether the KOR antagonists are selective for kappa vs mu opioid 
receptors: and 2) whether the KOR antagonists produce acute or protracted behavioral 
effects using analgesia as a behavioral model that is directly related to their occupation 
of KORs. 
NUMBER OE ANIMALS BEOUIRED: 360 mice; Category 0 . 
N = 1 O animals/group 

JUSTIFICATION: 
Y2 56302 ted h st. . . L 4 tes at 1 our DO -miection 

Dose Saline U50488 Morohine 
Saine 10 10 10 

0.3 10 10 10 

1 10 10 10 
3 10 10 10 

L Y2444296 tested 1 h at t i ' I our oos • niect on 
Dose Sa fine U50488 Morchfne 
Saline 10 10 10 

0.3 10 10 10 
1 10 10 10 
3 10 10 10 

at 1 ested hou Ketarnne t r oost-miectlon 
Dose Saline US0,488 Morphine 
Saline 10 10 10 

0.3 10 10 10 
1 10 10 10 
3 10 10 10 

V.1.4. Experiment 4: Studies of drug effects in opioid knockout mice. 
The purpose of this experiment Is to determine whether the absence of KORs in 

genetic mutants block the behavioral effects of the KOR antagonists and ketamlne in 
the FST and NIH tests. Mice with genetic deletion of KORs (Oprk1"'" mice) will be 
treated with the KOR antagonista L Y2456302, L Y2444290 or ketamine, all at 3 mg/kg. 
Their effects will be evaluated at either 1 h or 48 h after injection in order to assess the 
role of KORs In producing the acute and protracted behavioral effects in the FST and 
NIH tests. 
NUMBER OF ANIMALS REQUIRED: 480 mice will be used in the experiments. 240 
mice wll be tasted In the FST; Category E. 24'0 mice will be tested in the MH test; 
Category C. 
N = 10 animalalgroup 
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JUSTIFICATION: 
'WT 0prm1"· Oork1 4• 

FST 
Saline 20 20 20 
Ketamine 20 20 20 
LY2456302 20 20 20 
LY2444296 20 20 20 

NIH test 
Saline 20 20 20 
Ketamine 20 20 20 
LY2456302 20 20 20 
LY2444296 20 20 20 

V.1.5. Exoerlment 5: Role of AMPA receptors in the behavioral effects of ketamine 
L Y2456302 and L Y2444296. 

The protracted effects of ketamine are thought to involve the following 
neurochemical events: 1) activation of NAPA receptors from glutamate release, 2) 
activation of TrkB receptor from the release of BDNF, and the activation of mTor. The 
purpose of this study is to determine whether the protracted behavioral effects of the 
KOR antagonists involve a similar signaling cascade Involving AMPA receptors. 

Studies will be conducted with both the FST and the NIH tests. The AMPA receptor 
antagonist NBQX will be given prior to testing the effects of ketamine or the KOR 
antagonists L Y2456302 and L Y2444296 at 1 h or 48 h post-Injection. The first time point 
evaluates the acute effects and the second time point evaluates the protracted effects of 
ketamine and the KOR antagonists. 
NUMBER OF ANIMALS BEOUIBEp: 240 mice in total. 120 mice will be tested in the 
FST; Category E. 120 mice will be tested in the NIH test; Category C. 
N a 10 animals/group 

JUSTIFICATION: 
Time after injection of 
ketamine (3 mglkg) 

Treatment 1 hour 48 hours 
Saline 10 10 
NBQX 10 10 

Time after injection of 
L Y2456302 (3 mg/kg) 

Treatment 1 hour 48 hours 
Saline 10 10 
NBQX 10 10 

Time after injection of 
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L Y2444295 (3 mg/kg) 
Treatment 1 hour 48 hours 

Saline 10 10 
NBQX 10 10 

V.1.6. Exoariment 6: Effects of acute drug treatments after exposure to UCMS. 
The goal of this experiment is to detennine how exposure of mice to the UCMS 

procedure changes expression of the protracted behavioral effects of acute single 
doses of ketamine (3 mg/kg) and the KOR antagonists L Y2456302 (3 mg/kg) and 
L Y2444296 (3 mg/kg). Drug effects will be measured for 3 consecutive days starting 24 
hours after Injection. Anhedonia will be measured using the sucrose preference test 
Anxiety will be measured using the light-dark emergence test. Stress coping will be 
measured using the forced swim test. The behavioral effects in mice after UCMS will be 
compared with non-stressed controls. 

NUMBER OF ANIMALS REQUIRED: 270 males, 180 females. Category E. 

Note on animal numbers. In UCMS studies, mice that do not demonstrate sucrose 
preference greater than 65% at baseline prior to any experimental manipulation will not 
be entered into the study. In the past, 25% of mice fail to make this criterion. 
Therefore, we have estimated an additional 30 mice in the UCMS groups will be needed 
for this experiment. Females will only be tested with ketamine and L Y2458302. 

N = 20-25 animals/group 

.n JSTIFICATION: 
Non-stressed 

UCMS Controls 
Saline 25 Saline 20 
Ketamlne 25 Ketamlne 20 

Non-stressed 
UCMS Controls 
Saline 25 Saline 20 
LY2458302 25 LY2456302 20 

Non-stressed 
UCMS Controls 
Saline 25 Saline 20 
LY2444296 25 LY2444296 20 

V.1.7. Experiment 7: Effects of chronic drug treatments after exposure to UCMS. 
Reversal of the behavioral effects of UCMS exposure usually require chronic 

administration of antidepressants for 4 weeks. The present experiment wifl determine 
whether the effects of ketamine and the KOR antagonists act more rapidly the SSRI 
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fluoxetine when given chronically. In the present study, the effects of chronic 
administration of the KOR antagonists L Y2456302 and L '1'2444296 will be compared 
with tMe SSRI ~oxetlne and saline controls after their chronic administration for 28 days 
in a UCMS paradigm. The behavioral effects in mice after UCMS on sucrose 
preference. the light-dark test and the FST wi• be compared with non.stressed controls. 

NUMBER OF ANIMALS REQUIRED: 360 males, 180 females. Category E. 

Note on animal numbers. In UCMS studies, mice that do not demonstrate sucrose 
preference greater than 65% at baseline prior to any experimental manipulation will not 
be entered Into the study. In the past, 25% of mice fail to make this criterion. 
Therefore, we have estimated an additional 40 mice In the UCMS groups will be needed 
for this experiment Females will only be tested with ketamine and L Y2~56302. 

N • 20·25 animals/group 

JUSTIFICATI ON: 
Non-stressed 

UCMS Controls 
Salina 25 Saline 20 
Ketamine 25 Ketamine 20 

Non·stressed 
UCMS Controls 
SaNne 25 Saline 20 
LY2456302 25 LY2456302 20 

Non-stressed 
UCMS Controls 
Saline 25 Saline 20 
LY2444296 25 LY2444296 20 

Non •. stressed 
UCMS Controls 
Saline 25 Saline 20 
Fluoxetlne 25 Fluoxetine 20 

V.2. pata Anatvala: Sample size estimates are guided by the results of prior 
published research and relimina data enerated i ry using these 
~~~ ~m~~b 
effect size ups are: , NIH approach latency, 
hot plate analgesia, loeomotor activity. The effect sizes from prior studies agree with 
the calculated e)(J>ected number of animals necessary to achieve statistically significant 
resuls with a power of 0.800. For the UCMS study, data for the dependent measures 
(sucrose preference. preference and approach latency for the dark side In the dark/light 
emergence test, FST immobility) wlll be analyzed by a 2-way ANOVA, with stress and 
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drug treatment independent factors. Significant interactions will be followed by 
Neuman-Keuls test. 

V.3. Laboratory Anlmalt Required and Juttiflcation: 

V .3.1. Non-an Ima! Alt1mattve1 Conaldertd: The effects ci ketamine and the l<appa 
opioid antagonists. L Y2444296 and L Y2456302, will be studied in models of depression 
and anxiety in mice. The overall goal is to provide sufficient evidence f0< potential 
efficacy in treating depression to justify and stimulate the performance of clinical trials 
with patients. Behavioral studies of antidepressant drugs in mice using. the validated 
procedures described in this protocoi are believed to provide information pertinent 
toward understanding the effects of these drugs on depression and stress in h1.ST1ans 
and their underlying neurochemical mechanisms. These complex interactions goveming 
mood and beha.vior cannot be adequately studied with in vitro systems or lower 
organisms sucl'I as invertebrates. 

V.3.2. Animal Model and Species Justification: The studies are proposed in mice as 
a model organism that measures the behavioral effects of antidepressant drugs and 
environmental stress In a manner similar to those shown by other mammals, including 
humans. There are no lower species that provide the same information. Bocauae of the 
extensive literature using these rodent models, positive results with these tests will 
strnulate the field to plan corresponding clinical trials in humans. 

V.3.3. Llboratorv Animals 

Strain '1 Str'lin #2 Str•lnf3 
V.3.3.1. Gtnue & Soecies: Mu~ Mus Mus 

muscvtus muscutus musculua 

V.3.3.2. Strain/Stock: C57BU6 Oprm1-'· Oprtc1..t· 

V.3.3.3. SourctNtodor: rb)(4) I In-house In-house 

V.3.3.4. Agt: 6-8 weeks 6-8 weeks 6-8 weeks 

V.3.3.5. Wela ht Appropriate Appropriate for age 
fer age 

V.3.3.8. Sex: Male and Male Male 
female 

V.3.3.7. Special Pathogen 
Considerations: free 

V.3.4. Numblr of Animals Required (by 2,950 
SpKinl: 
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V.3.5. Refintment ReductiQn. Replacement (3 Rs): 

V.3.5.1. Refinement: 1) Mice are handled daily and acclimatized to the testing room 
on the days prior to conducting a behavioral procedure. 2) An observer watches all 
mice In the forced swimming test for signs of d !stress. They will prevent any animal from 
drowning by removing them from the cylinder. 3) Mice will be anesthetized prior to 
decapitation to immobilize the animal. 

V.3.6.2. Reduction: The same groups of male mice used to measure the forced 
swim test will be used to assess the effects of drugs on locomotor activity. Power 
calculations have been used to estimate the minimum number of mice required to reach 
statistical aignificance. 

V .3.5.3. Replacement: There is no alternative to live animal use to study the effects 
of environmental stress on behavior. If an alternative to live animal use for the study of 
environmental stress becomes available, this alternative wm be used. 

V.4. Technjcal M!thoda: 

V .4.1. P1ln I Dlttrns As!!!!m•nt: 

Analgesia: Mice are allowed to remain on the hot plale for a maximum of 60 seconds to 
prevent the development of tissue damage. 

Forced swim test: Mice are ordinarily good swimmers and swim through the 6-min test 
without difficulty. An observer watches all mice in the forced swimming teat for signs of 
distress, such as failing to swim on the surfar.e of the water. The observer will Intervene 
and remove any animal from the cylinder on the rare occasion that they show signs of 
distress. 

UCMS procedure: Mir.e are weighed and observed daily. Any mouse showing 
Intractable weight Joss or signs of distress will be removed from the experiment in 
consuttation with LAM. 

V.4.1.1. APHIS Fonn 7023 lnform1tion: 

V.4.1.1.1. Numbtr of Animal•: 

Strain t1 $train #2 Straln#3 

V.4.1.1.1.1. Column C: 800 

V.4.1.1.1.2. Column D: 360 
V.4.1.1.1.3. Column E: 1790 

V.4.1.2. Pain Re!lefl Prevention: 

V .4.1.2.1. Anaethtaia/Analaeaia/TranguUizatlon: N/A 
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v.,.1.2.2. Pre-and f?ost..pf9C!dUral <not 8Urqtry) Provifionf: NIA 

V .... 1.2.3. P1ralvtJee: None. 

V."4.1.3. literatur! Search for AH!mativn to Painful or Clltr!Hful Proclduree: 

V.<4.1.3.1.Sourcta SHrchtd: PubMed, Psychlnfo 

V."4.1.3.2. D•te of Search: February 14, 2016 

VA.1.3.3. Period of Search: PubMed 1995 through present; Psychlnfo 19E35 through 
present. 

V.4.1.3.4. Kev Word• of Starch: (altemattve or refine), distress, mice and forced swfm 
test; alternative, distress and NIH test; altemative, diatresa and chronic mild stress. 

V.4. 1.3.6. Btaub of Search: The search procedure examined altemat!Ves to the 
forced swim test (by searching for (alternative or refine) and chronic mitd stJess 
procedure or the NIH test (by searching for (alternative or refine) and distress and Nfti 
test or novely-induced hypophagia). Two databases were searched, Pubmed and 
Psychinfo. There were no alternative procedures located through this search. There 
were no hits for the keyword combinations in either PubMed or Paychlnfo. 

V ,4. 1 .4. Unallevlat!d P1lnfvt or Pl•tmaful Procedurt Juatlflcation: Mloe tested 
with the forced swim test were plaQed Ii Categoty E. Thia test meaSL1res the behavioral 
coping responses evoked in mice when they are placed in cylinder of water for 6 min. 
Mice either will react passively 1o the stress and develop behavioral immobility or they 
wlll react actively with ineteased sw;mming and reduced behavioral immobility. 
Antidepressant drugs cause mice 10 favor an active response to the unmitigated swim 
stress. Mice must be teated without alleviation of the stress in order to determine how 
the effects of atress or drug treatments have affected their response. The mice are 
tested only for a limited period of dme because the test is timed at 6 min 

V .4.2. Prolonaed Bntrwint NIA 

V."4.3. Syrgerv: N/A 

v A.3.1. Pce1umtcal Provisions: NIA 

V .... 3.2. eroctdure: NIA 

V .4.3.3. PO!t1umlcal Provl1lons: NIA 

V.-4.3.4. Logtion: NIA 

V.4.3.&. $urqt0n: NIA 

USUHS FOfm U09-~ OcloMr 2008 Pr9vlota _,.,. _ .... 
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V .4.3.6. Multiple Major Survtval Oper1t1ye Procedure•: NIA 

V.4.3.6.1. Proceduru: NIA 

V .4.3.8.2. Scientific Justification: NIA 

V .4.4. Animal Manipulation•: 

V .4.4.1. Injections: Injections will be perfonned with a 1 cc syringe, 26 g, Y.i Inch 
needle, and 1 O cc I kg approx. volume for i.p. injections. For the FST and NIH studies, 
the drugs that will be used are: ketamine (3 mg/kg, i.p.) and the KOR antagonists 
L Y2444296, and L Y2456302 at a dose range of 1-3 mg/kg, i.p. Drugs will be given 
either 1 hour or 24 hours prior to behavioral testing. In the analgesia studies, mice will 
be injected with morphine or U50,488 at 10 mgt'kg i.p. 30 min prior to testing. For 
studies with the AMPA receptor blocker NBQX, the dose of 1 mg/kg i.p. NBQX wm be 
given 10 min prior to ketamine or the KOR antagonists. In the UCMS procedure, mice 
will be injected with saline, ketamine, L Y2456302, L Y2444296, or fluoxetine (5 mg/kg, 
i.p.) once daily in the UCMS procedure. 

V.4.4.2. BJoaampln: Brain tissue samples (cortex, hippocampus, amygdala and 
striatum) wm be taken from all mice participating in the UCMS studies. 

V .4.4.3. Adiuyanta: None. 

V.4.4.4. Monoclonal Antib9dv lMAbtl Production: None. 

V .4.4.&. Anlmal Identification: 
Ear tag in mice. 

Cage car'd also will be labeled with animal number 

A log book containing the animal number, gender I sex; dates of 
behavioral testing, dates of euthanasia; dates of injections, will be 
maintained for each mouse. 

V .4.4.6. Behavioral Studin: 

Hot plate analgeela. The nociceptive threshold for analgesia will be examined with 
a hotplate analgesia meter (Columbus Instruments, Columbus, Ohio). The hot plate 
provides a constant 55 degree (C) surface, a temperature low enough to avoid hanning 
the mice, but high enough to be uncomfortable for a wild-type saline-treated animal. A 
smell plasUe cage around the hot plate prevents the animal from leaving the plate 
surface. Animals will be placed on the hot plate and the latency (s) to lick their hind-paw 
or jump will be recorded. After displaying either of these behaviors, or upon reaching the 
predetennined cut-off time (60 s), the animals will be removed from the hot ptate. For 
drug studies, mice will be injected with drug 30 min prior to behavioral testing. Behavior 
Is expressed either as the latency to lick or jump or the percentage analgesia. 
Percentage analgesia is calculated by taking the mean latency for saline treated mice 
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(s) minus the latency of the test animal (s) divided by 60 s (maximum time animals can 
spend on the plate) minus the mean latency for saline-treated mice (s). 

Forced swim test (Fsn. This test is a recognized modef of depressive behavior 
induced by inescapable stress. Because the studies model the way that antidepressant 
drugs alleviate stress in clinical depression, the stress cannot be alleviated by sedatives 
or analgesics. All experimental sessions will be conducted between 1200 and 1800 
hours. Swim test sessions are conducted by placing mice in individual glass cylinders 
(46 cm tall, 21 aT1 in diameter) filled with water (23-25"C water) to a depth of 15 cm. 
Only one test is given with the mouse for a standard 6-min test duration. The water in 
the cylinder is changed after every test. Antidepressant drugs are administered only 
once, either 1 hour, 2.4 hours or 48 hours prior to testing. and the post-injection interval 
will be manipulated as a variable in the presetit experiments. A digital recorder 
positioned directly above the cylinders records the swim sessions. Digital video files are 
analyzed for Immobility by a trained observer blind to the experimental treatment 
condition. Immobility is defmed as the absence of movement on the water surface, 
except that necessary to keep afloat The swimming test will be conducted only once for 
each anlmal. Injection of mice with standard antidepressant drugs produces a significant 
reduction of immobiity by delaying the time required for mice to adopt a passive 
lmmobUity behavior during the FSTfb)C41 I Digital files will be stored on a 
secured lab server. 

Locomotor activity. Locomotor activity will be measured in cages resembling the 
home cage environment (28.9 x 17 .8 x 12 cm). The cages are placed inside an infrared
sensllve motion detection system (30 x 24 x 8 cm) with an 8-beam photocell array strip 
(Med Associates Inc, St. Albans. VT). Total ambulatory activity, crossing the longitudinal 
axis and rearing is measured by counting the number of beam breaks. The test w~I be 
perfonned only once for each animal. 

Novelty~nducad hypoph•gla (NIH) te•t. Mice are exposed to 8 training sessions 
In a famHiar feeding cage prior to testing in a novel environment. The training consists of 
dally sessions (15 min) In \\tilch mice are given access to a highly palatable food 
(peanut butter chips; Nestle, Glendale, CA) delivered in a clear plastic petri dish in a 
familiar feeding cage. The latency to approach and initiate Ingestion and the amount of 
food consumption is measured regularly and mice come to approach the food within 30 
sec. The novel cage environment consists of an empty clear polycarbonate cage 
without bedding located under bright overhead illumination located in a room different 
than training. The novel cage test session duration is 15 min and is videotaped. The 
latency to ingestion and the amount of food cons1.111ed during the novel cage session 
are the endpoints measured. The test is given only once '°' each animal In the novel 
cage. Drugs will be administered either 1 hour or 24 hours prior to testing. 
Antidepressant treatments reduce the latency to aooroacb food iq the novel 
environment without effects in the home cagef L_X4_> ____ __.J 

SucroM preference tnt. During an 8 h session, mice are given a free choice 
between two bottles. one with water and one with a 1% sucrose solution. To avoid side 
preference, bottles are switched halfway through the test. Bottles are weighed before 
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and after the test. Preference is calculated as the percentage of consumed sucrose 
from the total amount of liquid drunk (sucrose and water). 

Dark-light emergence teat The dark/light emergence test is conducted in an 
apparatus consisting of a two-<;,hambered box (17 ~ 20 cm for each side) made of 
plexiglas with an opening (5 x 5 cm) connecting both chambers. One side Is colored 
black {room light entry Is llmlted) and the other side is white. Room illumination is 800 
lux. Mice are placed into the dark side and then allowed to freely explore either the light 
or dark side for 5 min. Anxiety-like behavior is measured as the time required to emerge 
from the dark side and the time spent on the white side during the 5 min session. The 
apparatus ls cleaned with 70% EtOH between animals. 

Unpredictabl• Chronic unpredictable mild etraaa (UCMS). Mice will be exposed 
to a variable sequence of mild, unpredictable stressors for a duration of 21 days called 
the UCMS procedure. Mice are exposed to three physical or psychosocial stressors per 
day for a period of one hour for a duration of up to five weeks. The stressors used are: 
cage rotation, lights on overnight, cage on gentle shaker for 30 min, cage tilt (45 
degrees), isolation for 10 hours, exposure to cold, Introduction of a new partner, 
restraint for 30 min, exposure to rat odor, lights off (during the day), stroboscopic 
lighting (in the da~) and wet bedding. The etressors will be presented in a procedure 
room or specialty room (walk-in refrigerator) and last up to 30 min, except for stressors 
presented overnight. Aft.er the stressor is presented in the procedure room, the mice 
are returned to the animal colony. Mice are weighed every day. Mice that lose more 
than 10% of their body weight will be eliminated from the study. The schedule of 
stressor exposure In the UCMS procedure is presented below in the Table. 

After exposure to the UCMS procedure for 14 days. the effects of the experimental 
antidepressants will be evaluated. In Experiment 6, the effects of a single acute 
exposure to ketamine and the KOR antagonists will be evaluated. Experiment 7 will 
evaluate the effects of drugs given chronically for for 7 days prior to the start of 
behavioral testing (see timeline below). After 7 days of treatment, mice are given three 
behavioral tests: sucrose preference, dark-light emergence and the forced swim test. 
The UCMS procedure causes reduced sucrose preference (anhedonia), increased 
emergence time from the da~ (anxiety) and increased immobility in the forced swim test 
(decreased stress resilience). Non-stressed controls are weighed every day and 
injected with the same drugs, but not subjected to any d the stressors. Antidepressant 
drug treatments reverse these effects of stress without producing any effect in non
stressed controls. 

Table 15 

Schedule of Streaaor Presentation• In the UCMS Procedure 

Day 

0 

1 

2 

Mo ming 

Rotate 

Cage on shaker 

Restraint 

USUHS Fomi 32Cl8 - RIMled OdDbel 2009 
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Afternoon 

Rat odor 

Cold 

OVemlght 

Lights on 

Cage tilt 

Stroboscopic light 

16 



3 Swim 

4 Rat odor 

5 Cage on shaker 

6 Cold 

7 Cold swim 

8 Rat odor + white noise 

9 Lights off, cage tilt. wet 
bedding 

10 Rat odor + shaker 

11 Swim 

12 Cage tilt 

13 Restraint 

14 Home cage switch 

15 Cage on shaker 

16 Restraint 

17 Swim 

16 Rat odor 

19 Cage on shaker 

20 Cold 

21 Cold swim 
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Lights off Isolation 

Restraint + lights off Wet. bedding 

New partner Lights on+ 
white noise 

Lights off + c:age tilt Wet. bedding 

Restraint on shaker Cage tilt 

Cold + i~ation Lights on 

Home cage switch Stroboscopic light 

Restraint + lights off Isolation 

Cage on shaker 
Wet bedding + 

white noise 

New partners Lights on+ 
white noise 

Ughts off Stroboscopic light 

Rat odor No stress (Sucrose habituation) 

Cage tilt Wet bedding 

Cold Stroboscopic light 

Lights off Isolation 

Restraint + lights off Wet bedding 

New partner Lights on+ 
white noise 

Lights off + cage tilt Wet bedding 

Restraint on shaker Cage tilt 
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Timeline for UCMS Procedure and Drug Administration 

V.4.4.7. Other Procedures: None. 

V.4.4.B. Tissue Sharing: No tissue sharing is planned at this time. However. we 
welcome investigators to utilize tissue from these animals following completion of the 
study protocol. We will do whatever we can. in coordination with the lACUC. to 
accommodate requests for tissue. 

V.4.5. Study Endpoint: Mice will be euthanized after the completion of the behavioral 
tests described in Experiments 1-7. Pl will consult with CLAM veterinarians to evaluate 
animals in the UCMS procedure. Animals deemed to be in distress will be euthanized 
by CLAM personnel. the Pl or his staff. 

V.4.6. E anasia : Mice deemed in distress will be anesthetized with isofluorane and 
decapitated in R by Pl or his staff or euthanized by CLAM personnel with C02 
followed by cervical dislocation or bilateral thoracotomy. 

V.S. Veterinary Care: 

V.5.1. Husbandry Considerations: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

V .5.1.1. Study Room: Space for Dr.l(b)(6) liaboratory has not yet been assigned. 

Building(s) -------- Room Number(s) _______ _ 

V .5.1.2. Special Husbandry Provisions: None 

Food Restriction : 

Fluid Restriction: 

V.5.1.3. Exceptions : NIA 

VSUHS Fo1m 3206 - Rov1,ed October 2008 
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V.5.2. Vettrfnarv Medical Care: 

v.s.2.1. Routine Y•tmrinarv Medical ~rt= No special veterinary medical care is 
anticipated for these experiments. Animals deemed 10 be in distress will be treated or 
euthanized by CLAM personnel or the Pl. Pl will anesthetize with isoflurane followed by 
decapitation. If CLAM personnel observe a mouse in distress, Pl should be contacted 
before euthanasia for possible experimental use of ttie mouse. Pl wi• provide work and 
home contact information to CLAM. 

V.5.2~. Emergency Veterinarv Medical Cam: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians. one or more veterinary 
technicians, and an on-call veterinarian. Essential oosbandry procedures and health 
roonds are conducted. by LAM personnel once daily durtng weekend and holidays. 

V.5.3. Envlronrnental Enrichment: 

V .e.3.1. Enrtcnment Strateav: Except as indicated below, all an imals on this 
protocol will be provided with routine environmental enriehment in accordance with LAM 
SOPs and IACUC Policies. Examples include nestlets and tunnels for rodents. 

V .5.3.2. Enrichment Rntrictions: Enrichment wm be withheld from mice subjected 
to UCMS because enrichment could alter experimental outcomes. Since all mice in 
control and experimental groups need to be treated identically to enable a valid 
comparison, enrichment will be withheld from all mice '1 the UCMS protocol. 

VI. STUDY PERSONNEL QUALIFICATIONS ANQ TRAINING: 

STUDY PERSONNEL QUAUFlCATIONS/TRAINING 

Protocol activity or 
procedure (e.g., tall vein 
in· · s euthanasia 

Behavioral testing, 
IP injections, 
lsoflurane 
Administration. 
Decapitation 

Behavioral testing, 
IP injections, 
lsoflurane 
Administration. 
Decapitation 
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QuaJifialticm of person 
pef'forming lldMty (e.g .. 
research tecnnlclan, 2 

e rience 
Pl , 35 yr experience 
with mouse 
research, including 
behavloral testing, 
including the FST, 
light-dark box, NIH 
test and sucrose 
drinking, and 
dee ltation. 
Co-Pl, 12 yr 
experience with 
mouse research, 
induding behavioral 
testing, including 
the FST, light-<iark 
box, NIH test and 

Specific training in tis 
actMty or procedure 
(e.g., rodent han<llng 

dass 1999 
Completed 
!Investigator training 
at U Penn, 2000. 

Completed 
ilnvestigator training 
at U Penn, 2013. 
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sucrose drinking, 
and decapitation. 

Behavioral testing, To be hired Research 
IP injections, technician. Will be 
lsoflurane trained by Pl or Co-
Administration, Pt as needed. 
1 - ~··itatlon 

VII. BIOHAZARDSISAFETY: PPE, Including gowns, masks and gloves, will be worn 
by all personnel to reduce allergen exposure. No special precautions are necessary for 
working with the drugs used in these studies. 

VIII. ENCLOSURES: none. 
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IX. ASSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assuranceg for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and In the manner descrt>ed herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Effort I have made a reasonable, good faith effon to ensure that 
this protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Auurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal. and that the 
·minimum number of animals needed for scientific valldlty are used." 

0 . Blohazard\Safety: I have taken into consideratioo and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues. and so forth, in the preparation of this 
protocol. 

E. Tr11lnlng: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecesaary pain or distress wil be 
caused to the animals as e result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

Principal lnvestigatot Signature Date 

G. Tr•lning: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 

H. Responsibility: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that all Individuals associated with this project will demonstrate a concern for the health. 
comfort, welfare, and well..t>eing of the research animals. Additionally, I pledge to 
conduct this study in the spiri of the fourth "R" that the DOD has embraced, namely, 
"ResponslbHity" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 
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I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL or WILL NOT be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have considered alternatives to such procedures; however. using the 
methods and sources described in the protocol. I have determined that altemative 
p~s 1re oQj avaUah!e IC AC""1'rSh 1he Ob]ectiveo c;j;;;; experiment. 

rtnclpal Investigator Signature Oate 
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X. PROTQCOL ABSTRACT: 

A. Animal Protocol Number: 

B. Animal Protocol Title: Kappa Receptor Antagonists as Rapid Acting 
Antidepressants 

c. Princlpal lnveatiaator:f°L.,_x6_1 
___ ___. 

D. Performing Oraaniz.ation: USU 

E. Eyn<tina: NIMH 

F. ObltetJn 1nd AporoMh: There is an unmet medical need for new drugs that could 
treat comorbld depression and anxiety, especially for treatment-resistant patients. 
Depression is one of the most common psychiatric illnesses, especially in military 
personnel. An increasing number of patients {3Q..40%) are unresponsive to current 
antidepressant medications. In the past few years, low dose ketamine has been shown 
to produce antidepressant effects in treatment-resistant patients, showing that novel 
antidepressants can be developed. The effects of ketamine are a medical breakthrough 
because they occur Immediately and last for about a week. unlike most antidepressants 
that require a month or longer before they even begin to work. However. the 
widespread use ot ketamine has been limited because k is a drug of abuse and causes 
unwanted side effects. 
The proposed studies wil evaluate the effects of two novel kappa opioid receptor 
antagonists, L Y2456302 and L Y24«295, using animal behavior tests for their potential 
to be developed into antidepressant and anxiolytic drugs that could be used in humans. 
Studies will determine whether the kappa opioid receptor antagonists produce 
behavioral effects in mice similar to those of established antidepressants but only more 
rapidly and sustained over days. Their effects will be compared with low dose ketamine 
as a standard. The behavioral tests used will be: the forced swim tnt and novelty
induced hypophagia, tests that are sensitive to traditional antidepressant drugs. The 
experiments focus on comparing the time of onset or duration of activity for ketamine, 
L Y2456302 and L Y2444295 with the known delayed action for SSRI antidepressants. 
Other experiments wtn establisn the mechanism of e.ction of the kappa opioid receptor 
antagonists using mice with constitutive deletion of kappa and mu opioid receptors or 
after treatment with a glutamate receptor antagonist. The most ngorous evidence for 
antidepressant potential will come from rodent studies that will show reversal of the 
effects of chronic mild stress on the production of anhedonia and anxiety, symptoms 
similar to those shown by human depressed patients. Taken together, these 
experiments will form a basic foundation for evaluating the development of novel kappa 
opioid receptor antagonists as rapid acting antidepressants and for eventual testing in 
patients with treatment-resistant depression. 

G. lnclexlna Terms (Oesctlptora>: anrnals, mice, depression, anxiety, 
antidepressants, ketamine, kapl)a opioid receptors, stress, 
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UNl-=ORIKED SERVICES UNIVERSITY Or: THE HEALTH SCIENCES 
F. EDWARD HEBERT SCHOOL OF= MEDICINE ~ 

4301 JONES BRIDGE ROAD ~ 
BETHESDA. MARYLAND 20114-4712 

http;itwww.utuht.mH May ) I, 2012 

MEMORANDUM FOR 0Rf ..... 6X_6> ___ __.IDEPARTMENT Of PS YCHJATR Y 

SUBJECT: IACUC AppmvaJ of Protocol ~ TrienniaJ Review 

The following application was reviewed and approved by the Uniformed Services 
University of the Health Sciences {USUHS) Institutional AnimaJ Care and Use Committee 
(JACUC) via Designated Member Review on May 11, 2012: 

Animal Protocol Title; nstress and Drug Seeking In Rats: Role of the Endocannabinoid Systeru 
and Caffeine .. 

USUHS Pro\()COI Number: ._lib_l<
6_l ___ _, 

Exciration Date: May 10, 2015 

Supporting Grant(s) Number: ... 11
6
_><
5
_> __ __. 

Name of Principal Investigator: Dr. 1_16_~6_' ____ _ 

The USUHS has an Animal Wclfatt Assurance oh file with the Office for Laboratory 
Animal Welfare (OLA W), National lnstirutes of Health (NIH). The Assurance Number is 

l\b)(6l I The LACUC approved the above referenced application as submitted. 

An annuaJ review is required for each of the three years of dtis protocol. This review 
must be completed by the wmiverSaty date of the protocol. If work is to be continued past the 
expiration date, a trienniaJ review must be completed prior to the expiration date in order for 
wodc. to be uninterrupted. Protocol e)(piration dates may not be extended, and no animal work 
may tbe done without an approved protocol. Although the JACUC may send rom.indcrs, it is the 
investigator~s responsibi lity to submit an annual review form (Form 3206A) at least 30 days in 
advance, or a new Form 3206 for triennial review at least 60 days in advance of cxp~ration. 

Print to r>lacing your fintJlnimal order, please conUtet MAJIM6> ~o schedule a 
pre-protocol planning meetin~!bl<oJ lrhis Jt'lCeting must occur to ensure animal numbers 
are loaded in the CART system and LAM resources are available to meet your needs. r I fox J r h.D. 

Chair, lnstirutionaJ Animal 
Care and Use Committee. USUHS 

cc: 
Office of Researcb 
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USUHS FORM 3206 
ANIMAL STUDY PROPOSAL.J 
PROTOCOL COVER SHEET 

r
b)(6) 

MOIOCOL NUMBER: ._ _______ ___, 

fflOTQCOL TJT4E: Stress and drug seeking in tals: Role of the el1d0cannabln·ok:I system 
and caffeine 

GBANT DILE Uf dl1fertntfrom 11>0vt): 

USUHS ~ROJECT NUMBER: .... r_(6> ___ _ 

FUNQJNG AGINCY: CSTS 

EABUESI AHDCIPATEP FUNDING SIMI DATE~ February, 2012 

PRINCIPAL INVESTIGATOR: 

rb)(6\ I 
~Signature 

SCIEffTIFIC REVIEW: Thia animal use propoeal received appropriate peer scientiftc 
review end la conais1ent with scientific reaearch practic:e. 
(IJ)(c) 

Chalnnan 
fide -

1<bx6> L :i.;,/,/1 ~ ._Telephone _____ __... On 

STATISTICAL BEYJew: A person knowled99abte in biosta1istic:e reviewed this 
1proposa1 to ensure that the n...-nber of animals used ia appropriate to obtain sufficient 
data .and/or is not exceaiVe, and the statistical design ia appropriate for the Intent at the 
stUdy. 

1;:-F,.1 Typed •:( :)< ::::::::fhD 
2'/0712012 
Ba• 

AUENQJMG VEiiBINABJAN: In accordance with th& Animal Welfare Regu~tions, 
the Attending Veterinarian waa cons1.11ted in the plumiflO of procedures and 
man¥>ulations that may cause more than slight or momentary pain or distress, even if 
r81ieved by anesthetics or analgesics. 
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ANIMAL PROTOCOL NUMBER: 

PRINCIPAL INVESTIGATOR:f6)(6) IPhD 

ANIMAL P80TQCO&. TITLE: Stress and drug seeking in rsts: Role of the endocannabinoid 
system and caffeine 

GRANT TITLE Of dltft(!nt f19m 1bove): 

USUHS PROJECT NUMBER: 

CO-INVESTIOATORfSl: Ors.llb><6) 

TECHNICIANSlS): Reeearch Assistanti<b)(6) leSc 

I. NON-TECHNICAL SYNOPSIS: Posttraumatic stre11 disorder (PTSD) is a1 

debilitating an>ciety disorder affecting military service members and civilians in the U.S. 
Among the individuals with PTSO, 1he rate of nicotine dependence is quite high. 
Approximately 28.5% of the population is current smokers and 1,7.1% have smoked at 
some time in their life in the U.S. (Lasser, Boyd et al. 2000). Of those with a history of 
PTSD, 63.3% had Mne>ked daily at some point in their lifetime and 45.3% were current 
smokers - rates considerably higher than those with no history of PTSD (4 7.1 % lifetime 
and 28.5% current}. Also, PTSO patients are more hkely to be he&\IY smokers and 
relapse to smoking tobacco (Fu, McFall et al. 2007). These suggest tnat nicotine 
dependence is a serious problem in the individuals with PTSD. Among the potential 
biological mechanisms, the endocannabinoid system (ECS) has been implicated in both 
anxiety disorder (Picciotto and Corrigall 2002) and nicotine dependence (Cohen, Kodas 
et al. 2005). Thus, devetoping drugs targeting the ECS may have therapeutic potential 
on treating PTSO and nicotine dependence. Using well-established rat models of "Stress 
and nicotine self-administration, we'll investigate the effects of three stress models on 
anxiety and depression behavior as well as relapse to nicotine seeking. 'We will further 
investigate the effects of the cannabinoid receptor 1 agonist and caffeine during stress 
e><posure on subsequent ,anxiety/depression behavior and relapse to nicotine seeking in 
rats. The outcome of these studies will enhance our understanding of the biological' 
mechanisms by which the ECS regulates mood, anxiety and drug seeking, and provide 
a novel treatment strategy for comorbid PTSD and nicotine dependence. 

II. BACKGROUND: 

11.1. 81clsaround: 

Poat-rr1um1tic Strna Disorder (PTSD) end aub•mnce abuae 
PTSD is a debilitating anxiety disorder that can develop In response to traumatic stress 
exposure such aa combat or other physical and/or psychological stress. The estimated 
lifetime prevalence of trauma exposure is 60.7% for men and 51.2% for women with 
men more likely to report physical attacks, combat experience, being threatened with a 
weapon, while women likely to report sexual assault. childhood neglect and childhood 
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physical abuse (Kessler, Sonnega et al. 1995). It ia well ettabliahed that the exposure to 
traumatic stresaors predispOses persons to an increased probability of use of 
psychoactive and addictive drugs (Brown and Wolfe 1994). The use of psychoactive 
drugs such as nicotine, marijuana and caffeine continues to be one of the more 
damaging squeal to deployment·associated PTSD in military personnel. However, 
biological mechanisms un<Jertying tne substance use disorder displayed in PTSD 
sut>;ects are not well understood, and therapeutic interventions to reduce subsequent 
drug abuse in traumatized personnel are empirical and of uncertain emcacy. 

PTSD and ti\• endocannabinoid •y•fllm (ECS) 
The endocannabinoid system (ECS) h8$ recently emerged as a pos5ible target for the 
treatment of mood and anxiety disorders including PTSD (Chhatwal and Ressler 2007; 
Hill and Gorzalka 2009; Moreira and Woijak 2010; Alger and Kim 2011). For example, a 
cannabinoid receptor 1 (CB1 R) agoni1t prevented the development of behavioral and 
endocrine alterations in a rat model of Intense stress. (Ganon·Elazar and Akirav 2012). 
Rats were treated with the CB1R agon1st WIN55,212·2 (WJN) immediately after intense 
stress exposure and were teated 1 week later for anxiety and hypothalamic-pituitary .. 
adrenal (HPA) axis runction. Exposure to stress enhanced an>dety behavior and HPA 
axis function and treatment wtth wtN after stress exposure prevented anxiety and HPA 
axis function. These effects vvere blocked by administration of the CB1R antagonist 
AM251 , suggesting the involvement of the CB1R. This study suggested that the 
preventive effects induced by WIN are mediated by an activation of CB1 receptors in 
the brain and that cannabinoids couk::I serve as a pharmacological treatment of PTSD 

PTSD and nicotine dependence 
Nicotine use is associated with exposure to traumatic events and PTSD (Feldner, 
Babson et al. 2007). lndi~duals with PTSD show htgher rates of smoking and WOBe 

&moking ceuation outcome. For instance, almost 94% of individuals with PTSD 
relapsed in the first week after quitting in a community sample of daily smokers 
{Zvolensky, Gibson et al . 2008). Other studies have shown that smokers exposed to a 
traumatic event Who develop PTSD tend to smoke more than those exposed to traumai 
that do not develop PTSD, a relationship consistent across age and trauma type 
(Shallw, Bleich et at 1990; Lipschitz. Rasmusson et al. 2003: Hapke, Schumann et at 
2005). Smoking among trauma-eKposed adults has been found to range between 32% 
(Weinbaum, Stratton et al. 2001) and 58% (Weaver and Etzel 2003). Compared to the 
non·smokers, smokers were more likely to develop posttraumatic stress symptoms 
(Ganz 2000), which is in line with the findings that traumatie e\lent exposure facilitates 
smoking behavior (Feldner. Babson et al. 2007). 

Growing evidence suggests a relationship between trauma exposure and 
subsequent smoking behavior in a military population Beckham et al ( 1997) found that 
the number of Vietnam combat veterans who smoked was not significantly different 
between those with PTSD (53%) and those without PTSD (45%) (Beckham, Kirby et al. 
1997). However. they found that veterans with PTSD were more likety to be heavy 
smokers ('48% smoked ~25 cigarettes daity vs. 28% in veterans without PTSD). Also, 
Vietnam veterans wtth PTSD who smoked reported more PTSO symptoms than non
smokers with PTSD (Beckham, Roodman et al. 1995}. Among treatment·seeJdng 
veterans with PTSD (N•826) who were referred to a VA clinic for comprehensive health 
assessment. 73% smoked~ 20 cigarettes per day (Buckley, Mozley et al. 2004), 
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indicating a high prevalence of nicotine dependence in the military personnel after tne 
trauma exposure. 

TM ECS 1nd nicotine dependM1Ce 
The ECS appears to play a critical role in mediating the reinforcing effects of nicotine 
and relapse to nicotine-seeking behavior in abstinen1 subjects. However, the results 
from the previous studies have been inconsistent. A study, using 1 CB1R agonist \IVIN 
55.212-2, on nicotine self-administration with a progreasive-tatio (PR) schedule of 
reinforcement and e reinstatement paradigm. showed that CB 1 R 11timutation facilitates 
motivation for nicotine and nicotine seeking in rm (Gamaleddin, Wertheim et al. 2012). 
These etlects were reversed by the CB1R antagonist rimonabant. but not by the CB2R 
antagonist AM630 indicating CB1R specific: effects. Another study reported that the 
CB1R anta:gonist SR141716 reduced nicotine setf-administration by antagonizing 
dopamine release in the mesolirnbic system (Cohen. Perrault et al. 2002). These 
studies indicate that the CB1 Rs in the brain play an important role In nicotine Mft
adminlstration. However, studies using indirect agonistl for the ECS reported conftictirng1 
results. For instance. the endocannabinoid reuptake inhibor VDM11 attenuated relapse 
to nicotine-seeking in rata (Gamaleddin. Guranda et al. 2011). Another means of 
elevating the endocannabinoid levels is by inhibiting actMty of the hydrolase fatty acid 
amide hydrolase (F AAH), an enzyme responsible for breakdown of the 
endocannablnoids. It has been shown that a FMH inhibitor URB597 attenuated 
nicotine withdrawal symptoms in rats (Cippitelli, Astarita et al. 2011 ). These results 
suggest that direct stimulation the CB 1 Rs facilitate nicotine self-administration while 
Indirectly llcreasing the levels of the endocannabinoids attenuate nicotine setf
administration in rats. Thus, drugs targetng the CB1 Rs may have therapeutic potential 
for the treatment of nicotine dependence. 

PTSD •nd c•ffelne 
Caffeine is the most widely used licit drug with psychoactive effects, used by 80% of the 
world's population (James 1997). Although the effecil of caffeine on learning allld 
memory have been well understood (Abreu. Silv•Oliveira et al. 2011 ; Leite. Willefm et 
al. 201'1; Nebes. Pollock et at. 2011 ; Panlilio, Ferre et al. 2011). the effects of r.affeine 
on trauma-related memory and subsequent drug-seeking behavior remain largely 
unknown. There has been a recent increase in the availability and the use of "Energ1y 
1Drinks~ containing higher levels of caffeine (Reissig, Strain et al. 2009). For example, 
energy drink consumption of 1 or more times a day by the U.S. Army service members 
are '17,78% and energy drink consumption with alcohol of 1 or more times a \\'Mk are 
13.5% within a 30 day period (unpublished data). An animat study reported that caffeine 
e>eerts anxiogenic effects in rats tested on an unstable elevated exposed plus maze 
(Jones, Duxon et al. 2002). Interestingly, co-administration of caffeine and THC (an 
active ingredient of marijuana) worsened memory deficits induced by THC alone 
(Panlilio. Fen-e et al. 2011 ), The authors demonstrated that this eftect was due to A 1 
receptor, but not A2 receptor, blockade in the brain. However, little is known on the 
effects of caffeine durlng trauma exposure and subsequent an>eiety/depression and drug 
seeking behavior. We hypothesize that caffeine use during trauma exposure may 
strengthen fear memory and subsequemt stress responses. we will investigate the 
effects of caffeine on stress responses and drug seeking using rat models. 
Understanding the biological mechanism by which caffeine modulates fear memory and 
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drug seeking may contribute to the development of novel treatments for a comorbid 
PTSD anc.JJ nicotine dependence. 

H.2. llter11Yt1 Surcb for Dugllcation: 

11.2.1. Literature SouN;e(1) Stttched: DoD BRD, NIH RePorter (CRISP), PubMedl, 
AGRICOLA, AltWeb 

11.2.2. pate of Surch: January 12, 2012 

11.2.3. Period of Search: BRO: 1997-2011 (the latest year available}; NIH RePoner. entire 
databasei PubMed: ent1re database; AGRICOLA: entire database; AltWeb: entire database 

11.2.4'~ Kty Wor.da 1nd Seaa;h Strateav: Stress, trauma, nicotine self-administration, 
niootine dependence. relapse, nicotine seeking, cannabistcannabinoid, 
emiocannablnoid system, caffeine, cannabinoid receptors 

U.2.5. RMults of Search: 
Stress AND nicotine AND rat 121 
Stress AND nicotine self-administration AND rat 4 
Stress AND flicotine seeking AND rat 0 

Stress ANO cannabinaid/cannabis AND rat 78 
Stress AND cannabinoid/tannabis AND rat AND nicotine self-administration O 

Stress ANO caffeine ANO rat 74 
Stress AND caffeine AND rat AND nicotine self-administration O 

Cannabinoid AND nicotine self~administration ANO rat 2 
Cannabihoid ANO nicotine self~administration AND rat AND stress o 
We found no previous studies reporting the e:xperiments that we proposed in this 
protocol. 

Ill. OBJECTIVE\HYPOTHESIS: The driving hypothesis for triis project is that exposure fo 
ave~tve atrMs affects the endocannabinoid system ih brain regionis associated with revmrd 
pathways in ways that tend to increase drug seeking and drug taking behaviors in stressed 
individuals. We will compare the effects of three stress models on subsequent 
anxiety/depression behavior and relapse to drug seeking in rats. Different stress models 
will be tompared to study changes in genes and proteins in the brain and drug s~king that 
are related to stress in general, not to one specific stress paradigm, One model is the 
"traumatic stress"' which includes restraint and tail shock over three days developed by Dr. 

IM6) lit has lbeen shown that this paradigm prOduces physiological and behavioral 
abnormalities1 such as elevations in basal pla$ma corticosterone levels, exaggerated 
80Clu$tic startle responses and reduced body weight (Servatius, Ottenwellef et at 1995)" A 
second stresa model is the "wanior stress" paradigm developed by th~b)(6) tab. This 
model combines predator odor stress with unpredictable environmental stimuli. 
Unp:redictable stress has face validity in relation to human stress and has been shown ta 
reltably produce elevations in stress hormones including CORT and CRH (Weinstock, 
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Matlina et al. 1992) and behavior (Gonzalel Jatuff. Berastegui et al. 1999) in rodent 
stud~. A third model is classical fear leaming. This model has been used extensively in 
studying consolidation and retrieval of fear memory in rats (LeDoux 2003). we Will test 
whether retrieval of fear memory triggers retapse to nicotine seeking in rats. 

Recent studies have shown that CB1 R agonist WIN55,212-2 attenuates stress and 
anxiety symptoms (Ganon-Elazar and Akirav 2012) while facilitating relapse to nicotine 
seeking {Gamaleddin, Wertheim et al. 2012) in rats. However, these studies failed to 
investigate the effects of C81 agonist on stress--induced nicotine seeking. Since nieotine 
self ..administration has been shown to reduce certain anxiety and stress symptoms in 
humans (Ziedonis, Hitsman et al. 2008), this may eJCplain why CB1R stimulation 
facilitates nicotine self-administration and reduc:es stress responses simultaneously. 
lnterestmgly, co-administration of caffeine and THC (an active ingredient of marijuana) 
worsened memory deficits Induced by THC alone (Panlllio, Ferre et al. 20111). However, 
little ~s known on the effects of caffeine on trauma-related memory and subsequent drug 
seeking behavior. Thus. we will investigate the effects of the cannabinotds and caffeine 
·en stress-induced anxiety ancl relapse to nicotine seeking in rats. 

Using lntr:avenous drug self-administratfon in rats, we will investigate 

Specific Alm 1: tr. effects of three stress models (traumatic stress, warrior stress and 
fear learning) on depression. atndety and relapse to nicotine seeking in rats. 

Specific Alm 2: the effects of CB 1 Ft agonist during stress exposure on depression, 
anxiety and relapse to nicotine seeking in rats. 

Specific Alm 3: the effects of caffeine during stress exposure on depression, anxiety 
and relapse to nicotine seeking in rats. 

IV. M!UTAlft RELEVANCE: There is a high comorbldify of PTSO and substance use 
disorders in the military population (Beckham, Wiley et al. 2008; Boden, Kimer1ing et al. 
2011 ; Booth, Mengeling et al. 2011 ). A substantial number of military veteraM. and 
active duty service membef'S relies on licit and illicit substancet sueh 11 caffeine, 
nicotine, alcohol and marijuana to alleviate stress and anxiety symptoms as an active 
coping strategy {Boden. Kimerling et al. 2011). Thus. the outcome from this study will 
contribute to the development of more effective therapeutic interventions aimed at 
preventing or treating a comorbid PTSO and substance use disordets in the military 
population 

V. MATERIALS AND METHOQS: 

V.1. Expertm1nta! Dnlan and Genni Proc1ch1rw: To determine the biological 
mechanisms of different stressors on nicotine seeking, and the role of CB1 R agonist 
and caffeine, it is necessary to use wet'"'9stablished animal models of stress and an 
intravenous nicotine self-administration paradigm. 

Anxiety and depntUion meuurea 
Open field locomotor activity will be measured using an Accuscan Electronics Digiscan 
infrared photocell system. Animals are placed singly in a 20 x 20 x 30 cm clear Plexiglas 
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arena and a Plexiglas lid with multiple ventilation holes placed on top of the arena. Data 
are automatically gathered and transmitted to a computer operating the Fusion 3.4 
software system for data collection and analyses. The interfaced software measures 
two dozen activity "ariables. Including total distance and horizontal and vertical activity. 
Chambers are cleaned between subjects with Clidox-S base, water, and activator in a 
1:18:1 preparation. The duration of ~tomotcr activity testfJijs a m, ximurn of 60 min 
per session. Sixteen open field activity boxes from the Dr _}__61 _Lab will be used. 

Ooen field ceoter tinie: Center time is measured using the Accuscan open field activity 
system during the open field activity session. Anxiety is considered to be inver5ely 
related to amount of time spent in the center z:one of the open field chamber. 

Rearina; Vertical activity is measured in the Accuscan open field activity system to 
provide an index of depression. Rearing (or vertical activity) is considered to be 
~nversely related to major depressive symptoms. 

1n·b'1v•nous 1nlcotln• ••If-administration 

Appmntul 
Eight operant chambers (Med AssOciates Inc .. st. Albans, VT. USA) for nicotine self
administration are contextuaOy different from the animals' home cage, and located in a 
different roo~ Each chamber is equipped with an infusion pump assembly 
consisting of S'F<a'Zer'Model A pump (Stamford, CT, USA) and 10 ml syringe connected 
to a fluid swivel (lnstech, Plymouth Meeting, PA, USA) by Tefton tubing. Tygon® tubing 
enclosed by a metal spring connected the swivel to the animal's catheter exit port and 
was secured to Teflon threads on the catheter assembly. Each operant chamber 
contains two levers, and either one (Fixed Ratio 1) or five {Fixed Ratio 5) 20 g lever 
press responses on the active lever delivered an i.v. injection of sterile nicotine solution 
(Sigma/Aldrich, MO, USA) dissolved in 0.9% saline. During each injection, a cue light 
above the acti\le lever is illuminated, and the house light is extinguished. Each injection 
is followed by an additional ~time-out" (TO) period in which the cue light is extinguished; 
lever press responses during the entire injedion-TO period are recorded but had no 
programmed consequences. Responses on the jnactive lever are recorded but had no 
scheduled consequence. A detailed procedure on intravenous drug self-administration 
in rats haa been described previouslyl!bHi5).(b)!4l I 

li~/<6).(6) I 

Lever prea1 training 
Animals are initially trained to press a lever for sucrose pellets in ventilated operant 
chambers under restricted diet conditions for three days. This procedure will facilitate 
initial nicotine self-administration training. This procedure requires an initial 16-20 hrs of 
food restriction followed by ad lib feeding for a few hrs after each test session. This 
procedure allows transient weight gain o-vemight, but animals retum to 90% initial body 
weight prior to the next test session on the following day. 

lntravenou1 (IV) cath•r •urgery 
Please see section V.4.3 below (page 18). 
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lntravenoua nlcotin. aelf-adminlatration and rein•ta .. ment 
After a minimum 6 day recovery from IV catheter surgery, animals are placed in operant 
test chambers and allowed to a.cquire nicotine self-administration (0.03 mg/kg/0.1 ml in 
a 1 s injection) on one lever press/injection (Fixed RabO 1: Time Out 20 sec) 
reinforcement schedule in a daily 2-h self-administration test sessions for 5 days per 
week. Animals are weighed before each nicotine sett-administration session to adjust 
nicotine dose (0.03 mgJkg). After 2~3 weeks of nicotine self-administration, animals will 
be tested on extinction and reinstatement paradigm. Reinstatement test will measure 
the ablhty of specific experimenter delivered stimuli to induce relapse to drug seeking 
behavior as described previously (Sutton, Schmidt et al. 2003). Prior to reinstatement 
testing, nicotine self~administration behavior will be extinguished through e~inctiorn 
training when lever press responses are no longer reinforced by drug injections. When 
lever press responding is extingurshed, reinstatement testing commences with 
experimenter delivered injections of nicotine. drug associated stimuli (lights associated! 
with drug injeciions during self-administration). and a brief period of intennittent mild 
footshock stress. These stimuli induce relapse as indicated by an increase in 
non-reinforced responding at the lever that previousty delivered the drug injections 
during self-administration training. Reinstatement procedures in rats are conducted in a 
!between session paradigm. In thil paradigm, self- administration, extinction, and 
reinstatement oocur over consecutive daily test sessions. The between session 
paradigm Is used for drug pre~treatments that are given on one or each occasion, and 
reinstatement is tested over a 5 day period following 1he pretreatment Some animals in 
reinstatement studies will be exposed once to mild footshock stress in the operant test 
chambers at commonly used parameters (0.5 mAI0.5 sec every 30 seconds for 15~30 
minutes). Footshock stress is used to reinstate drug seeking behavior, and is thought to 
represent an animal model of stress induced drug craving and relapse (Self and Choi 
2004). 

Three 1na1 mod•I• in ratl 

1. Traum1tlc stress 
Animal model has been developed in which exposure to stress provoke a wide range of 
phys1lolog1lcal responses. Intense stress. aversive challenges, and situational reminders 
,of traumatic stress in animal models have resulted in lon9-term effects on behavioral, 
autonomic, and hormonal responses that mimic many of the clinical symptoms1 
observed in those with PTSD. We will use an intense stress paradigm developed by Dr. 

jtbJ(t>) ~n Psychiatry department. Stress exposure consists of a two-hour per day session 
of immobilization and tail-shocks. The rat is placed in a clear Plexiglas tube which 
enables gentle, but secure fonn of restraint. The size of the tube restricts the animal 
turning 1or escaping, but natural posture can be maintained. Animal& can breathe 
naturally through the holes in the tube. Forty electric shocks to the tail (2 mA, 3 s 
duration) are applied at varying intervals (140 to 180 s) over the course of two hours on 
three consecutive days. Animals will be weighed between each stress exposure. This 
stress protocol was adapted from the ieamed hetplessness" paradigm in which animals 
undergo an aversive experience under conditions in Which they cannot perform any 
adaptive responses (Seligman and Maier 1967; Seligman 1968}. Considering the life 
span difference between humans and rats. three days of intense streu exposure in rats 

8 



2. Warrior streaa 
The Warrior Stress Paradigm combines predator stress with unpredictable 
environmental stimuli. Predator stress is a non-painful but effective stressor used in 
rodent models investigating the effects of stress. Predator stress can be manipulated! 
by presenting the actual predator or the odors of the predator. Exposure to predator 
stress produces increases in stress hormones (Hayley, Borowski et al. 2001 ). Exposure 
to predator stress also produces behavioral changes in rodents including differences in 
food consumption, elevated plus maze, startle response, freezing behavior, withdrawal 
behavior, and exploratory behavior (Belzung, El Hage et al. 2001; Endres, Apfelbach et 
al. 2005; Masini, Sauer et al. 2005; Takahashi, Nakashima et at. 2005; Adamec, Head 
1et al. 2006). Predator stress is presented by Introducing a cotton ball with commercially 
a\lailable fox urine into a test cage with the rat subject. Unpredictable, non-painful 
stressors Include noise, flashing light, and cage shaking. Unpredictable stress are 
rincluded because it ls a face*valid model of human stress and also has been shown to 
rre1iably produced alterations in stress hormones (Fride, Soreq et al. 1986; Weinstock, 
Matlina et al. 1992), and behavior (Gonzalez Jatuff, Berastegui et al. 1999) in rodent 
studies. The animals are transferred from their home cage and housing room to the 
"stress cage" (covered with a Plexiglas lid} to be exposed to the stressors. The stress 
iprocedure lasts 20 minutes for 5 days. fox urine (1 SmL) is placed on a large cotton ball 
and placed In varying spots in the stress cage. A bright florescent overhead light 
remains on during the procedure. Animals will be weighed between each stress 
exposure. This Protocol has l>een aoQfQyed for orP)\6) ~y the IACUC'. 

3. Pavlovian fear learning 
Sprague-Dawley rats will be placed in a Plexiglas rodent conditioning chamber with a 
metal grid floor (model E10-10; Coulboum Instruments, Lehigh Valley, PA, USA), dimly 
111uminated by a single house light, and enclosed within a sound-attenuating! chamber 
(model E10-20). Rats will be divided into two groups. The paired group will be 
presented with five pairings of a tone for 20 s (CS: conditioned stimulus; 5 kHz, 15 dB) 
that co-terminates with a foot shock (US: unconditioned stimulus; 0.5 s. 1.0 mA). The 
unpaired group (control) will receive five non-overlapplng presentations of the CS and 
US. The unpaired group will be irtcluded into the design in order to assess how 
contextual stimuli not associated with the phasic tone in the paired group differ in 
freezing response. Animals will be · - n each stress e osure. This 

ro ol as b n a ve - for (bJ(
5
l e A U 

Flow chart and time line of th• etudy 
Animals amve at the USUHS Animal Facility (CL.AM) 

i 
Animals acclimate to USUHS Animal Facility 1 week 

J. 
Baseline open field activity testing 1 day 

i 
Lever press training (sucrose pellets) · 3 days 
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! 
llV tatheter surgery and recovery 1 week 

! 
!Nicotine self.administration 2-3 weeks 

i 
Stress exposure ~ drugtvel'iicle injections befcre stress 3-5 days 

i 
Post-stress open field activity testing 1 day 

i 
Between session extinction 5days 

! 
Reinstatement testing 5-Sdays 

##Estlmated length of one iteration is approximately 7-8 weeks. 

Ex.p. 1 • Efhtctl of traumatic '""' on 1nx;tty. deprnaion •r!d rellDfe to nicotine 
eeekina(n•H} 

Rationale: The purpose bf this experiment is to determine role of traumatio stress 
ie><posure on anxiety, depression and relapse to nitetin~ seeking in rats. 

Exoerlmental d99jgn {see Tabl.., oUimeiioe fo~taUsl: "•ta (n=14 per group) will 
be tested using open fieJd activity and undergo surgery for implantation Of an IV 
tatheter. Following 1 week of rec-ovety, animals wm be trained to self-administer 
nicotine (0.03 mg/kg/infusion) or saline for 2 hr/day in 0perant chambers tor 3 weeks, 
Animals will be tested again in an open field activity paradigm. After acquisition of 
nicotine self..administration. rata will be exposed to 3 days of traumatic stress and tested 
on an open field aotivity paradigm. Anirnlll& will be tested on extinction from nicotine 
self.admin1stratioh (across 5 a,ttys) and reinstatement of drug s~ktng ffsing drug 
associated we light, priming injection of nicotine (0, 0.1 and 0.5 mg/kg, s.c.) and 
unpredictable footshock to trigger relapse to nicotine seeking in rats (across 5 days). In 
order to :study potential long-term effect& Of trauma1ie stress on drug seeking behavior, 
same animals will be re.tested on the extinction and reinstatement paradigm 1 week 
after the initial testing. 

Gr~p 1V iucg6fy MOod/AnxlflY Tl'llumettc 
I 

Reinatatemenf P1in cetegory N 
belli¥10f Stteu 

Control Yea Yea No 
I No 

D 14 

~ 

Control Yea Yea Ytt NO E 14 

I N'IC(ltin• v .. Y• No Drug cue E 14 
Drug pnmlng 
Miki footshcc:k 

Nicotine Yes Vt!$ Ye Drug cue E 14 

[ DrugprimnQ 
I Miid footahock 
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Exp, 2: Eft!cta of warrior atrm on anxi.W. depression and relapse to nicotine 
ueldoq (n-68) 

Rationale: Title purpose of this experiment is to determine role Of warrior stress 
exposure on anxiety, depression and relapse to nicotine seeking in rats. 

Exoerimental desion Csee Tl!ble of timeljoe for detail&>: Rats (n:14 per group) wHI 
be teated in open field activity apparatus and undergo surgery for implantation of an IV 
catheter. Following 1 week of recovery, animals will be trained to self-administer 
nicotine (0.03 mg/kg/infusion) or saline for 2 hr/day in operant chambers for 3 week&. 
After acquisition and maintenance of nicotine self-administration, rats will be exposed to 
warrior stress 1ovet 5 days and tested in open field activity apparatus. Animals will be 
tested on extinction from nicotine self-administration (acros$ 5 days) ahd reinstatement. 
of dl'llJ9 seeking using drug associated cue light, priming injection of nicotine (0, 0.1 and 
0.5 mgl1<g, s.c.) and unpredictable footshock to trigger relapse to nicotine seeking in rats 
(across 5 days}. 

Group IV1urgecy Mood/Anxlely Wlmor Renalalement Flaln category N 
behavior SIT9SI 

Control Yn Y• No No 0 14 

Corctol Yes Yes Yes No D 14 

Nicotn Yes Yes No Drug cue E 1'4 
Drug pl1ming 
Mild footallodt 

Nicotine Yff Yes Yes Drug CUI e 1<t 
Drug priming 
Miid footlllOd< 

Exp. 3: Etltc11 of fNr rnemorv.,ounxiaty. d8prn1ion and r;tl•DI• to nicotine 
Hiking (n;.66) 

Rationale; The purpose of this experiment is to determine role of fear learning on 
anxiety, depression and relapse to nicotine seeking in rats. 

Experimental design <see Table of timeline for details>: Rats (n=1-4 per group) will 
be tested in open field actMty and undergo surgery for implantation .of an rv catheter. 
Following 1 week of reco'\/ery; animals will be trained to self-administer nicotine (0.03 
mg/kg/infusion) or saline for 2 hr/day in operant chambers for 3 weeks. After acquisition 
and maintenance of nicotine self-administration, rats will be exposed to fear learning 
paradigm and tested on open field activity. Animals will be tested on extinction from 
nicotine self-administration (across 5 dayA) and reinstatement of drug seeking using 
drug associated cue light, tone associated with fear memory, priming injection of 
nicotine (0, 0.1 and 0.5 mg/kg, s.c.) and unpredictable footshock to trigger relapse to 
nicotine seeking in rats (across 6 days). 
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Group IV llMll«Y Moocl/Anxlety Fe1r Relntlmment P1111 Cl'9QOIY H 
behavior Lewning 

Control Yn YH No No 0 1• 

Comal YM VM Yes No E 14 

Nicotine Yn v .. No ONgcue 
FMr Cue 

E 1-4 

Drug priming 
Miid foo4lhodc 

Nicollne YH Yel Yes Drug cue E 14 
tr.. Cue 
ONg priming 
Mild footehock 

Exp. 4: IEfftctl of CB1 1aonln dudna •trla •XQOlurt on •ubltautnt anxlthA 
dtprwlon ind rtl•PI• to nlcot1n1 wkina <n•112) 

Batiooale; The purpose of this experiment is to determine effect& of CB1R agonist 
(WIN) during 'Stress exposure on subsequent amdety, depression and relapse to 
n•cotlne seeking in rats, Balld on the exr>eriments 1 • 2 and 3 described above. we'll 
determine which stress paradigm has the most robust effects on subsequent anxiety, 
depression and relapse to nicOtine seeking in rats. In this experiment, we'll test the 
effects of CB1R agonist during stress exposure on subsequent anxiety. depression and 
relapse nicotine seeking in rats. 

l;xDerimental desiQn (see_ Table of timeline for details>: Rats (n=14 per group) will 
be teated In open field activity paradigm and undergo surgery for implantation of an N 
catheter and recover for 5-7 days after the surgery. Animals will be trained to self
administer nicotine (0.03 mg/kg/infusion) or saline for 2 hr/day in operant chambers tor 
3 wee+<s. After acquisition of nicotine self-administration, rats will be exposed to a stress 
paradigm with or without C81R agonist VVIN 55,212-2 (1 mg/kg, i.p.). Animals will be 
tested on extinction from nicotine self-administration (across 5 days} and reinstatement 
of drug seeking using drug associated cue light, priming injection of nicotine (Of 0. 1 and 
0.5 mg/kg, s.o.) and unpredictable footshock to trigger relapse to nicotine seeking in rats 
(across 5 days). 

Group IVturgery Mood/Anxiety st ..... C81 R egoniet Aeinlt1tement p.in N 
beh111ior 

conwol YH Yn No No No D 1-4 

Conni "'" ..... No v .. No 0 14 

Con1l'OI v .. v .. v.e No No E 14 

Control Yet Yet Y• Yes No E 14 

Niootine v .. v .. No No 0Ng CUI E 14 

~= 
Nicoltrle Yes Yes No Yll ONOCUI E 14 

0Ng priming 
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Miid footsl'.ock 

NICOflne Y• v .. Y• No Dtugcue E 
Orugpnmmg 
.._, fOCCllloCk 

NiCome Yn v .. Yes Yee Drug cue E 
Drug Pf1l1WlU 
Miid foolshodc 

EQ. 5: Effie• of c.fltine dunna •lr!tt exposut1 on tybHquent •nx'-tx· 
dlQrtlllon and rtlaDH to nieotim l!!kina fn•112) 

14 

14 

Batlona!e: The purpose of this experiment is to determine effects of caffeine during 
stress exposure on subsequent anxiety. depression and relapse to nicotine seeking in 
rats. Based on the experiments 1, 2 and 3 described above, we'll determine which 
stress par.adigm has the most robust effects on anxiety, depression and relapse to 
nicotine seeking In rats. In this experiment, we'll test the effects of caffeine during stress 
exposure on subsequent anxiety. depression and relapse to nicotine seeking In rats. 

experimental deskan (see Jable of tlmeline for detal!Sl. Rats (n=14 per gi'Cil.iP) will 
be tested in open fieid activity paradigm and undergo surgery for Implantation of an IV 
catheter and recover for 5-7 days after the surgery. Animals will be trained to self~ 
administer ruootine (0.03 mg/kg/infusion) or saline for 2 hr/day in operant chambers for 
3 weeks. After .acquisition Of nicotine self-administration, rats will be exposed to a stress 
paradigm with or without caffeine (20 mg/kg, tp.). Animals wil be tested on extinction 
from nicotine self-administration (across 5 days) and reinstatement of drug seeking 
using drug associated cue light, priming injection " nicotine (0, 0.1 and 0.5 mg/kg, s.c.) 
and unpredictable footshock to trigger relapse to nicotine see60ng in rats (across 5 
days). 

Gr°"1 IV IU'119fV Mooa!AM!ely 51.,,.. Cafeine Reinat1'9menl P.in N 
DellMllO( 

Control YH YH No No No D 14 

-

Control Yn Yes NO Yee No D ,, 

Control Yll Yes 'fn No No E 14 

Control YM v .. '(" v .. No E 1• 

Nicotne v .. Y• No No Dru; Cue E 1• 
Orug pnmi'lg 
Miid fOOClhoclt 

Nc:olne Yu Yes No Y81 Dn1Q Cue E 1• 
OnlQ Pnmtnll 
Miid foobhodc 

Nicotne Yea Yes Yes No °"'II Cue E 1• 
Onl!I pnmlng 
Miid footlllodl 

NICOiine v .. v .. v .. Y• °"'II Cue E 1• 
Orug priming 
Mlt1 fOOUllOCk 
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~~ 
paradigm has the most robust effects on anxiety. depression and relapse to drug 
seeking in rats. In this experiment. we·n test the effects of caffeine during stress 
exposure on subsequent anxiety, depression and relapse to drug seeking in rats. 

Exoerlmental design <see Table of time~ne for details): Rats (n=14 per group) will 
be tested in open field actiVity paradigm and undergo surgery for implantation of an N 
catheter and recover for 5-7 days after the surQery. Animals will be trained to self· 
administer drug (0.1 ml infusion) or saline for 2 hr/day in operant chambers for 3 weeks. 
After acquisition of drug seff~administration, rats will be exposed to a stress paradigm 
with or without caffeine (20 mg/kg. i.p.). Animals will be tested on extinction from drug 
self-administration (across 5 days) and reinstatement of drug seeking using drug 
associated cue light1 priming injection of drug {O, 0.1 and 0.25 mg/kg, s.c.) and 
unpredictable footshock to trigger relapse to drug seeking In rats (across 5 days). 

Group IV 1urgery Mood/Aronety Slreta C1frwlne R•nltatenwnt Pem N 
behevior 

M«f>'llM v .. v .. No No ONg cue E 14 
Orugpnm1n9 
Miki !ootshodl 

Morphine Yea v .. No Y• Drug cue E 14 
D1ug pn'm1119 
Wd~hodl 

Mofph1ne v .. v .. y" No ()rugeu. E t• 
Drug pnm1ng 
Miid l'ccCll\odt 

,_Morphine v .. v .. y" v .. Orug cue E 14 
0rugpnm1n9 
Miid toct.hock 

Nlcotn v .. v .. No No Drug Cue E 14 
Drug pnming 
t.ttd fvotlhOCll 

Nledine Yea "'" No Yee Drug Cue E 14 
Drug priming 
t.tld rootahodt 

Nlcotn. Yft v .. v .. No Dr119Cue 
0ruopnm1ng 

E 1'4 

Miid footlhodt 
Nicotine YH Ye• Vet YH Orug Cue e t4 

Orugpnming 
Mild footatiodt 

ExP1rimengl endpolnJI 
1f signs of morbidity are observed over the course of the experiments, the vetetinariani is 
notified and, if necessary, rats are excluded from the study and euthan~ed. Signs for 
judging morbidity inclUde rapid breathing; shallow, labored breathing; weight loss (more 
than 10% ,of body weight not regained within •8 hr, continuous body weight k>ss CNer 5 
days of more than 5 g per day), ruffled fur (rough hair coat), hunched posture. 
hypothermia or hyperthermia. ulceration dermatitis or infected tumors. diarrhea. 
impaired ambulation. e-vidence of muscle atrophy or other signs of emaciation, bleeding, 
or inability to remain upright. In cases of body weight loss, supplemental soft and 
sweetened food is provided, and if necessary drug s.etf-administration training is 
withheld until the animal reoovers. 

Y.2. Pap Analy1i1: The number of rats is determined by the number of experimental 
groups needed for a clear interpretation of the behavioral and neurobi~ogical data. 
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~ wY 
lntraveno'Us drug setf·administratioh is a highly regulated and conditioned behavior in 7 
rats. Based on our experience, 14 animals per group allows for a sufficient stati&tical 
power to detect rou differences in dru setf.administr tion e vior as described 
previously < 1· l We also performed a 
power calculation using R statistical langoage (http://www.r-project oral). We exoect a 
large effect size (O.S) between groups based on the previous stuaies jU>Xl,__ __ 

6_H_1>x_4> ___ __, 

fb)(6J.16)(4) !Therefore, an effect size (0.5), high power {0.80), 
and alpha level of 0.05 require a totai of 14 animais per group. 

Behavioral data will be analyzed using Analyses of Variance (ANOVA). The 
between-subject independent variables for experiment& are Crug (drug vs. saline). 
Stress (stress vs. no stress), and CB1 agonist (CB 1 agonist vs. vehicle). The Within
subject independent variable is Time (open field activity). For experiments 1, 2 and 31 

data will be analyzed with ANOVA (Stress) with repeated measures on Time (open fteld 
activity). Experiments 4 and 5 will be analyzed with ANOVA (Stress x CB1 agonist) with 
repeated measures on Time (open field activity), S!g11ificant interactions. will be followed 
by Newman---Keuls post-hoc tests. The level of significance is set at 0.05 for all 
comparisons. Statistical analyses will be conducted using multiple software such as the 
Prism (GraphPad, San Diego, CA, USA), the Statistical Package for the Social Sciences 
(SPSS. Chicago, IL, USA) the R statistical language (http://www.r-project.org/). 

V.3. Labontory Animals Required and Justification: 
V.3.1. Non-anlmal Altematiyea Cgnaiderecl: This study wil require the use of intact 
living animals: behavioral measurements, such as administration of the stress protocol, 
anxiety symptoms, relapse to drug seeking cannot be made on cells grown in culture or 
on a computer simulation or other in vitro systems. Thus, non·animal models were not 
considered for this project and it is not possible to replace or eliminate the use of 
animals in this study Due to ethical considerations, the proposed studies cannot be 
done with human subjects. · 

V.3.2. Animal Mod1l 1nd SDtJ;lt• justification: Rats will be used in behavioral 
paradigms that model stress, anxiety and nicotine dependence il'l humans. Rats are 
amendable to pharmacological manipulations needed to study the biological rneehanjsms 
involved in tra'utnatic stres$ and substance abuse. The experimental nature of the work 
necessitates the use of model organisms rather than human subjects. However, results 
friom our laboratory studies complement data obtained from human clinics and 
experiments. We will continually evaf uate our approaches and adapt experiments for in 
vitro or computer models whenever possible. 

V.3.3. Labontorv Animal• 

V.3.3.1. Genua & SD!Ci@: 

V.3.3.2. Stratn/S.tgck: 

Seeciea#1 
R. Norvegicus 

Sprague-Dawley 

SPKiff#2 
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Exoertm1nt1I endpoint\ 
If signs of morbidity are observed over the course of the experiments, the veterinarian is 
notified and. if nea!ssary, rats are excluded from the study and euthanized. Signs for 
judging morbidity include rapid breathing; shallow, labored breathing: weight loss (more 
than 10% of body weight not regained within 48 hr, continuous body weight loss over 5 
days of more than 5 g per day)i ruffled fur (rougn hair coat), hunched posture. 
hypothermia or hyperthermia, uiceration dermatitis or infected tumors, diarrhea, 
impaired ambulation, evidence of muscle atrophy or other signs of emaciation, bleeding, 
or inabiltty to remain upright. In cases of body weight loss. supplemental soft and 
sweetened food is provided, and if necessary drug self-administration training is 
withheld until the animal recovers. -

V .2. O•ta Analwit: Behavioral data will be analyzed using Analyses of Variance 
(ANOVA). The between-subject independent variables for experiments are Drug 
(nicotijne vs, saline), Stress (stress vs. no stress), and CB1 agonist (CB1 agoni$t vs. 
vehicle). f he within-subject independent variable is Time (open field activity). For 
experiments 1, 2 and 3, data will be analyzed with ANOVA (Streu) with repeated 
measures on Time (open field activity). Experiments 4 and 5 will be analyzed with 
ANOVA (Stress >e CB1 agonist) with repeated measures on Time (open field activity). 
S\gnificant interactions will be followed by Newman-Keuls post-hoc tests. The level of 
s~nificance is set at 0.05 for all comparisons. Statistical analyses will be conducted 
using multiple software such as the Prism (GraphPad, San Diego, CA, USA), the 
Statistical Package for the Social Stiences (SPSS. Chicago, IL, USA) the R statistical 
language (http:/twww.r-project.org/}. 

V.3. Laboratory Animals Required and Justification: 
V .3.1. Non·1nlm1I Alttmatlvts Consldertd: This study will require the use of intact 
living animals; behavioral measurements, such as administration of the stress protocol; 
anxiety symptoms, relapse to drug seeking cannot be made on cells grown in culture or 
on a computer simulation or other in vitro systems. Thus, non-animal models were not 
considered for this project and it is not possible to replace or eliminate the use of 
animals in this study. Due to ethical considerations, the proposed studies cannot be 
done wlth humarn subjects. · 

V .3.2. Animal Model ind SPK!n Jyltiflc1tion: Rats will be used in befi,avcoral 
paradigms that model stress, anxiety and nicotine dependence in humans. Rats are 
amendable to pharmacological manipulations needed to study the biological mechanisms 
involved in traumatic stress and substanoe abuse. The experimental nature of the work 
necessitates the use of model organisms rather than hlJITlan subjects. However, results 
from our laboratory studies complement data obtained from human clinics and 
experiments. We will continually evaluate our approaches and adapt experiments for in 
vitro or computer models whenever possible. 

V .3.3. Labonitorv Animals 

V.3.3.1. Gtnua & Soeeiet: 
Specie! #1 

R. Norveg1cus 



V.3.3.2. Strtln/Stock: Sprague-Dawley 

V.3.3.3. Sourc•lYtpdRr: rl<•) 

V.3.3.4. &Rt: 6-10 weeks 

V.3.3.5. Weight: 250 .350 gm 

V.3.3.6. .§g: Male 

V.3.3.7. §oecl1LCszn1ld1r•tlj)ns: NIA 

V .3.14. Numbtr of Animal• Required (by SDtcltt)~ Rat 392 

V .3.5. Refln1m1at Btd®tlon, Replacemtnt (3 RI): 

V.3.5.1. Refln1m1nt: Animals will be monitored on a dally basis and be given pain 
medication and antibiotic if any sign of pain or distress occurs. In order to reduce stress 
and anxiety, animals will be accimated to the facility for 1 week upon arrival. 

V.3.S.2. R!ductlon: The number of rats is determined by the number of 
experimental groups needed for a dear interpretation of the behavioral and 
neurobiological data. In general, 14 rats are used per e1<perimental manipulation. 
Based on our experience, we expect about 15% of rats (or 2 per experimental group} to 
be excluded due to catheter failure or unstable drug self-administration behavior. 
Therefore, it is expected that 12 rats per experimental group will successfully complete 
the experiment. Based on our experience, this, number allows for a sufficient statistical 
powe'r to detect group differences in beha\l'lor due to the experimental manipulations 
described above. However, whene11er possible. we will utilize repeated measures 
designs to obtain multiple data points from the same animals. 

V .3.5.3. ReplateMtnt: This study requires the use of intact living animals; behavioral 
measurement cannot be made on cells grown in culture or with computer modets. Thus,. it 
is not possible to replace or eliminate the use of animals in this study. 

v . .t. TecholcaJ MtthQdl: 
V." .1. Pain I Distress Assessment during intense stress exposure: For traumatic stress 
model, electrodes will b~ attached to the tail of the animal by means of a spring clip in 
order to minimize any painful irritation that might result from repeated taping of the tail. 
All animals are monitored by a technician continuously during the two hours when tail 
shocks are being administered to assure that they do not get into posetions that do not 
allow them to breathe ptopet1y. Animals will be monitored daily after the stress sessions 
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according to CLAM SOPs and continue to be monitored daily for any indicatiOn of pain. 
While the animals are expected to arrest weight gain during the three day stress 
exposure, any animal that would lose> 200/o of its body weight as measured on Day-1 
would be withdrawn from th~ and eutbarzed. The stress protocol (OrJCbX6l !bas 
been approved by the IACUC J 

V.ai.1 .1. APt:llS Form 7023 lnformatton: 

V . .-.1.1 .1. Numbtr of Anlm111: 

V.-i.1.1.1.1. Column C: 

V.4'.1.1.1.2. Column D: 

V.ai.1.1.1.3. Colymn E: 

Specin#1 

0 

112 

280 

SQ!Cln#2 

The inumber of animals in Column D indicates that these animals are subjected to either 
IV catheter surgery or warrior stress (no physical stress} as explalned in page 9. The 
number of animals listed in Column E is based on the premise that these animals are 
exposed to either stress paradigm or nicotine self-administratiOn which Includes 
reinstatement using mild unpredictable electric footshock. The unalleviated pain and 
distress resulting from the electric shoeks are momentary and cause no physical injury 
to the tissue of tail or feet. 

v . .-.1.2. Pain Rtlltf/ Prtvtntion: NIA 

V.-4.1.2.1. AnMth•lllAnalgMla/Tranquillzation: 
For IV catheter surgery, rats will be anesthetized witti sodium pentobarbital (60 mg/kg, 
i.p,) ba&ed on a previous study (Choi, Edwards et al. 2011) or ketamine/xylazine (40-80 
mgJkg ketamine, 5-10 mg/kg xylazinet i.p.) and penicillin G procaine (200,000 Units/kg, 
s.c.) will be given as a prophylactic< Rats will also rec.eive atropine sulfate (0.04 mg/kQl, 
s.c.) to reduce pulmonary congestion and facilitate breathing. 

V . .t.1.2,2. Prt- 1nd P91t-proctdunl lnot1ura1rv> provi1!ont: Animals will be 
acclimated for 1 week to the USUHS CLAM. During acclimation to ClAM, animals. will 
be tlandled briefly each day to acclimate them to being handled; this will reduce any · 
stress that might result from handling of the animals during the procedures describedl in 
this study. Following exposure to the stress protocol, animals wiH be monitored 
acoording to CLAM SOPs. 

v .4. 1.2.3. Pa[llytica: NIA 

V.4.1.3. Llt!rature Search for AltemaUyn to Painful or Dlttrnaf\11 PrOC4tduNS: 

V . .t.1.3.1. 8qurcea Starcbtd: PubMed (MeSH), AltWeb, AGRICOLA 

V.4.1.3.2. Date of Search: January 13, 2012 
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V.-'.1.3.3. Pldod of S..rch: AltWeb: Entire database, AGRICOLA: Entire database 
PubMect· Entire database 

V.4.1.3.4. Ktv W9rd• of Sutch: 

Pain and PTSD and rat 
• PubMed (MeSH): 5 references, none related to present proposal 
• AGRICOLA: ·o Records" 
• AltWeb; Web (0) 

Pain and nicotine self-administration and rat 
• PubMed (MeSH): •No items foond" 
• AGRICOLA: ·o Records" 
• AltWeb: Web (0) 

!Distress and nicotine self-administration 
• PubMed (MeSH): 1 reference, not related to current proposal 
• AGRICOLA: ·o Records" 
• AltWeb: Wf!kJ (0) 

Foot shock and nicotine reinstatement and rat 
• PubMed (MeSH): O reference 
• AGRICOLA: ·o Records" 
• AltWeb · Web (0) 

Restraint stress af1d nicotine reinstatement and rat 
• PubMed (MeSH): 0 reference 
• AGRICOLA: "O Records" 
• AltWeb: Web (0) 

Corticoeterone and nicotine reinstatement and rat 
• PubMed (MeSH): 0 reference 
• AGRICOLA: "O Records"' 
• AltWeb: \Neb (0) 

Y . .t.1.'3.5. Rwulll of Starch: No overlapping studies discovered 

v.•.1.•. Un111evtlt!d Painful or Dlltr!Hful Procctdurt Juatifigtlon: A rat model of 
traumatic stress includes a young adult male rat that is restrained in a Plexiglas tube of 
appropriate size and receives a series of 40 tall shock (2 mA constant current, 3 sec 
duration) over a period of two hours daily on three consecutiVe days. A coiled silver 
electrode ts attached to the tail with a spring clip so that there is no irritation of the tail 
either from the shocks or frOffl adhesive materials being applied and removed each day. 
The number and strength of the shocks proposed has been optimized to yield a model 
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of chronic stress as measured by changes in behavior and by elevated plasma levels of 
corticoltirone. Ih!s stress orotocol has been approyed for pr Ov 1he !ACUCl<bX6> 1-. lb><5> . 
~ - . . -

V.4.2. Prolonald RM1r1jnt; All ani'r\819 are monitored by a technician during the two 
hours when tail shacks are being administered to assure that they do not get into 
positions that do not allow them to breathe property. Also, the electrode can become 
loose over the two hour period so that the animal no longer receives the shock; 
monitoring by a technician is required to ensure that the animals receive am of the forty 
tall shocks. 

v .,.3. Suraerx: 
V.tt.3.1. Prt".luralal ProvllJQDI: Rats will be maintained on a light-darrk cycle (12 hr 
light/'12 hr dark). The habituation period prior to surgery is 5-7 days during which the 
rats are groiup•housed. 

V.4'.3.2. frpctdym: All surgery will be performed under aseptic conditions in a clean 
area. Each surgery will be done on a separate, dean and autoclaved sheet of \Nhitman 
Benchkote paper. Surgical instruments are stenlized in a glass bead sterilizer and 
cleaned/sterilized between successive surgeries. Sterile gloves are used for each rat's 
surgery and instruments are sterilized befOre each rat's surgery. Rats (2S0.350 g) are 
anesthetized with sodium pentobarbital (60 mg~g . i.p.) or ketamine/xylazine (-40-80 
mg/kg ketamine. 5-10 mg/kg xylazine. i.p.) and atropine sulfate (0.04 mg/kg. s.c.) to 
1reduce pulmonary congestion and facilitate breathing. Surgery starts after the rat fails to 
show the withdrawal reflex after pinching the rear toe (a procedure that is repeated 
several times during the surgery to ensure full anesthesia level). Supplemental 
anesthetic dose (0.2-0.4 ml) is given as needed. Intravenous silastic catheter is 
implanted into the right jugular vein and attached to either the head or the back of the 
animal. 

For the head mount, the surgical areas (the top of the skull and the area above the 
right jugular vein) are shaved and cleaned with 70% alcohol and betadine scrub for 
three times. alternating 70% alcohol with betadine scrub. The jugular vein is e)(posed 
and the catheter is inserted into the vein and secured to it With a silk suture. The · 
catheter then passes subcutaneously to the top of the skull where it exiis into a 
connector {'a modified 22-gauge cannula) mounted to the skull with 4 jeweler's screws 
and dental cement. The wound areas are sutured, and an antibiotic wourtd spray is 
applied to these areas. Rats are also given 2 ml of saline (injected SC) to replace lost 
fluid during surgery. After surgery, a plastic cap is placed over the open end of the 
connector. The analgesic buprenorphine (0.1 mg/kg, SC) is given appro>eimately 30 min 
following the end of surgery. The sutures are removed 10-1-4 days after surgery. 

For the back mount. two incisions will be made, one on the back (2.5 cm}. and one 
on the neck ( 1 cm). The jugular vein is isolated by teasing apart fatty tissue above tne 
vein with small scissor tips, just above where the vein passes over the clavicle. After 
isolation, the vein will be punctured with a needle (22 gauge) and the sterile Silastic 
catheter will be inserted to the level of the sinus vena cava just outside the right atrium. 
The entry point of the catheter will be secured in place with a 0.5 cm x 0,5 cm mersifene 
surgical mesh secured to the catheter. The remaining catheter will be pulled from the 
neck area subcutaneously to the back incision Then the catheter wiU exit via premade 
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'22 gauge stainless steel tubing cemented into place with bell shaped dentaf cement and 
the bell base (about 0.8 cm diameter) cemented to a 1.5 x 1.5 cm Marlex surgicai mesh 
comprising the back mount. The incisions will be closed using two stainJess steel wound 
clips and treated with topical antibiotic Neosporin ointment (Swabbed To Back Mourtted 
Catheter Exit Area). Animals will receive antibiotic gentamycin sulfate (5-8 rng/'kg, a.c. ) 
and ttie analgesic buprenorphine (0.1 mg/kg s.c.) after each surgery. Animals wiU 
receive buprenorphine (0.1 mg/kg s.c.) once every 12 hrs for next 4'8 hrs and then as 
needed. 

V.4.3.3. Pott=tumical Provitlon1: During recovery (about 30-60 min), the rab are 
placed in a 1cage that is kept warm by a heating pad ( located under the cage) to prevent 
!hypothermia. The investigators are responsible for post..operatl11e care. The post
operative care includes continuously monitoring the rats until they are fully awake and 
'the animals' health will be monitored and recorded in the animal's medical record for at 
least 3 days after surgery or until the animal appears normal. The surgery log will ber 
kept in a drawer in the surgery room. If pain or distress such as difficulty in breathing 
and hypothermia is observed at any time rats will be treated with buprenorphine (0.1 
mg/kg s.c.). After the IV catheter surgery, rats are individually hOU&ed in the anirnal 
facility for 5-7 days. During this time period, the rata are handled and the catheters are 
flushed daily with 0.2 ml of heparinized (20 U/ml), bacteriostatie s11linc containing 
gentamycin sulfate (0.33 mg/ml. i.v.) as described previoustyF6)(B)(b)(i) I 

Catheter patency will be verified by infusion of a sodium methohe>eital (Anesthetic, 7-
15 mg~g . i.v.) solution. Patency is indicated by a brief (about 1 minute) but rapid 
anesthesia. Using these procedures, catheter life averages about 6- 8 weekl for rats. 
Most cathete~ are IOit due to the growth of the venous wall around the catheter tip. 
When catheters are no longer patent, animals are either sacrificed as described below, 
or the original catheter is removed and another one implanted In the Jeff jugular vein. 
We ha11e observed no weight loss or obvious physical impairment to the animals due to 
one or two consecutive catheter implantations. 

V.4.3.4. Loc1aon: ( ..... t5>_<
5

> ___ 

V • .4.3.5. Symeon: Please see personnel page 22 

V.4.3.6. Multlolt Mtioc Sur;ytval OptrttiYt Proctdur:n: NIA 

V.4.3.6.1. Procedum; NIA 

V.4.3.6.2. 'Sc1enttflc Jqfti!lcation: NIA 

V.4.4. Animal ManipulttigJll: 

V.4.4.1. lnltctlont: The drugs wil be delivered by intraperitoneal (i.p.) or 
subcutaneous (s.c.) injection {1ml latex free syringe w/ 27G~ needle, B-0, Franklin 
Lakes, NJ). Injection volume will be adjusted based on body weight and no more than 1 
ml/kg for i.p. and 2 ml/kg for s.c. administration. For i.v. administration, maximum 
volume will be 0.3 ml. 
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Sodium pentobarbital (60 mg/kg; i.p.) 
Atropine sulfate (0.04 mg/kg, s.c.) 
Buprenorphine (0.1 mg/kg s.c.) 
Nicotine (0.03 mg/kg/infusion, i.v.) 
Nicotine (0. 0.1 and 0.5 mg/kg, s.c.) 
Ketaminelxylazine (40-80 mgJkg ketamine, 5-10 mgll<g xylazine, i.p.) 
Gentamycin sulfate (5-8 mg/kg, s.c.) 
Gentamycin sulfate (0.33 mg/ml, i.v.) 
Sodium tnethohexital (7-15 mg/kg, i. v.) 
WIN 55,212-2 (0.1, 0 .3, 1 mg/kg, i.p.). 
Caffeine (20 mg/kg, i.p.). 
Equithesin (400 mg/kg, i.p.) 
A mixture of ketamine (100 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.} 

V.•.4.2. Bi911mpltt': Trunk blood and brain tissue will be collected when each animal 
is euthanized. These samples will be analyzed for further biochemical and molecular 
biology studies. 

V.4.4.3. Adjuvantl~ NIA 

VAAA. Monoclonal Antibody <MAbsl Produetioo: NIA 

VAA.5. Animal ldtntification: Rats are identified by tail markings and ear punches 
matched with IDs on the cage cards. Immediately after the IV catheter surgery under 
anesthesia, small hole on tne ear will be made to identify each animal. Ear punching1 is 
commonly used for identification of rodents and involves using a special punch to1 

produce a smaH (0.5 to 1 mm) notch near the edge of the ear. The cutting edge of the 
punch is disinfected 70% ethanol after each use. 

v.•.•.6. Behavioral Studies: See section V (Materials and Methods) 

V.-4.-4.7. Other Proctdurea: Stress exposure consists of a two hour per day session 
of Immobilization (restraint) and tail-shocks, for three consecutive days. Each animal is 
restrained In a Plexiglas tube and an electrode is attached to the tail . Forty electric 
shocks (2 mA, 3 s duration) are applied at varying intervals (140 to 180 s). over a two 
hour period; then the rats are returned to their cages. Exposure to this three day stress 
regimen has been shown to be more effective than a single stress session in producing 
lasting physiological and behavioral abnormalities, such as elevations in basal plasma 
corticosterone levels, exaggera1ed acoustic startle responses and reduced body we..,.E ... h,.....t_...., 
Servatius, Ottenweller et al. 1995). Thi t r o I h a rov r Dr (t>l<5> 

(bJ(6) he IACUC 1 

V.4 .•• 8. Tlaue Sharioa: Brain tissue and trunk blood samples will be collected at 
the study end point and shared for nucleic acid and protein assays. All personnel 
engaging in this procedure will receive training by IACUC/ARC staff, or trainedl 
laboratory personnel. We will examine multiple brain areas involved in stress and 
substance abuse such as the pretrontal cortex, nucleus accumbens, amygdaia, 
hypothalamus, hippocampus, substantia nigra and ventral tegmental area for nucleic 
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acids and protein assays. 'We will study expression levels of the target genes and 
1proteins related to the endocannabinoid system, nicotine and caffeine receptors 
following stress exposure and nicotine seeking. These genes include CB1R, CB2R and 
FAAH for the endocannabinoid system, CHRNA2, CHRNA3, CHRNA.f, CHRNA5, 
CHRNA6, CHRNA7, CHRNA8, CHRNA9, and CHRNA 10 for the nicotinic acetylchotine 
receptol'1 localized in the brain and ADORA 1, ADORA2A, ADORA2B, and ADORA3 for 
the adenosine receptors. 

V .4.5. Study Endootnt: The study endpoint will be the day immediately after the drug 
seeking testing. 

V.4.8. Euth1n11l1: Animals will be anesthetized with either chloral hydrate such as 
E~uithesin {sedative, 400 mg/kg, i.p.) or a mixture of ketamine (100 mg/kg)+ xylazine 
(10 m,g/ikg) and subsequently ate perfused with saline and 10% formalin. Thoracotomy 
will only be performed after failure of the withdrawal reflex and then intracsrdrlac 
perfusion will be performed. Supplemental anesthetic doses (0.4 ml of Equithesin or 
50+5 mg/kg k&tamine+xylazine mixture) are given as needed. For the perfusion, the 
heart is exposed, and a 17-gage needle that is connected to a pump via t1..1blng i~ 
rinserted to the left ventricle of the heart. Ptiysiological saline (50 ml) is perfused over 2 
m'in with a pump, followed by 4% paraformaldehyde (100 ml). The procedure is 
performed on the downdraft table in a Procedure/Necropsy Room. 

For the collection of fresh brain tissue. cylinder carbon dioxide (C02) in the LAM will 
be used as recommended anesthetic for rat euthannia. Induction cf anesthesia with 
C02 (2-5%) Is conducted with the animal placed in an appropriate-sized clear chamber. 
The depth of anesthesia will be determined by loss of withdrawal response to rear foot 
pad pinch, tail pinch and loss of movement in response to eye extra ort>ital touching_ 

v .5. Vmrtn•rv cart: 

V.5.1. Hytb1ndrv_Con1ldtrttlona: Except as noted below, routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species In thjg 
protocol. 

V.5.1.1. Studv Room: 
Building( s) l(bj(e) 

----;;:;::;;;;:::=:;----
Room Number(s)'-1<5_i<5_i ___ ..._ __ 

Euthanasia will be performed i CLAM. 
Behavior testing will be perfonned i ..... <b_X6_> -~ 
Rats will be housed in the Central Animal Facility (CAF) 

V.5.1.2. Soecial Hutbandrv Provition1: 

food Rfltriction: Yes X 

Fluid R•tri®oo: Yes 

No 

No x 

For the lever press training before the intravenous nicotine self-administration, animals 
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are slightly foOd restricted for three days. This procedure requires an initial 16-20 hrs of 
food restriction followed by ad lib feeding for a few hrs after each training. This 
procedure allows transient weight gain overnight, but animals return to 90% initial body 
weight prior to the next lever press training session on the following day. This procedure 
lasts for three days and animals are fed ad lib after the training. 

V.5.1.3. Exceptlon1: In addition. our experiments require that animals implanted with· 
Intravenous catheters be housed individually in order to prevent them from chewing and 
destroying each other's catheter exit assemblies. Animals with iv catheters will be 
housed individually in standard plastic caging. In other cases, non-operated animals will 
be group housed in standard plastic caging, unless experiments require direct 
comparison of biochemical or behavioral data with catheterized animals, in which they 
will be housed similar to experimental groups. 

V .5.2. V•tf!f)!n1rv Meditll Cant: NIA 

V.5.2.1. Routine Veterlntry Mad1cal Cart: Animals will be cared for in accordance 
·with LAM SOPs. Animals will be observed daily or more frequently by the veterinary 
:staff. The CLAM veterinary staff will be available for consultation with the Pl if any · 
unex:Pected medical events arise. 

V.5.2.2. Emetaency Veterinarv Medical Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians. one or more veterinary 
technicians, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 
Investigators' contact information will be available to the veterinary staff in case a 
decision about early euthanasia or treatments of an animal needs to be made on the 
weekend or holiday. 

V.6.3. Environmental Enrichment There won't be any environmental enrichment 
because animals are housed individually after IV catheter surgery and subsequently 
tested on nicotine self~administration. · 

V.5.3.1. Enrichment Strategy: NIA 

V.5.3.2. Enrichment Restrictions: NIA 

VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONS/TRAINING 

Protocol activity or 
procedure (e.g., tail vein 
i 'actions euthanasia 

Anxiety, depression 
behavior 

Qualifications of person 
performing actlllity 

(e.g. , research 
technielan, 2 yrs 

e 1ence 

Specific training in this 
acti'llity or procedure 
(e.g., rodent handling 

class 1999 

Assistant Professor Conducted animal 
16 ears of research at 
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Stress model experience in \U)\01 

Nsurgery animal regearch 
Drug .self-
.adminiatratitm 

Attended ali training 

I 

classes required by 
USU in order to be 
approved to 
conduct animal 
research on Oct 19, 
2010. 

Anxiety, depression 
(b)(6) les Research AS!iltant Completed IAC UC 

beh'avior investigator training 
Stress model (Feb 15, 2011) 
llV$Urgery 
Drug self:.. 
administration 

Anxiety, depression (0)\01 I Post-doc (9 years Trained at Oregon 
lbehavinr PhD experience in Health & Science 
Stlie$~ model animal research) University (OHSU), 
rv surgery VA Medical Center, 
Drug self.. Portland, OR, and 
administration George: Mason 

University, 
' Attended IACUC 

training at each of 
the before 
mentioned. 
institutions. 

Completed online 
1raining on Feb 19, 
2009and 
completf!d1 USU 
Animal Investigator 
Training on Mar 261 
2009. 

Traumatic stress b)(6) ~.O., Ph,O. Assooiat~ Developed the 
. Professor protocol 

12 year.s of 
experience in 

- animal research 
Warrior stress (b)(6) IPhO Professor Developed the 

23 



protocol 

Fear conditioning 1(0)(6/ I PhD Assistant Professor Trained at Oxford. 
Yale and New York 

19 years of Universities. Held a 
experience in British Home Office 
animal research lic:ense for animal 

experimentation1. 

Conducted animal 
experiments at Yale 
University. 

Attended all train1ing 
classes required by 
USU in order to be 
approved to 
conduct animal 
research on May 

~- . 
301, 2099. 

Molecular biology and {b)(6) IMO Associate Over 20. years of 
biochemical Assay Professor experiences in 

molecular biology 

Consultation of the (b)(6) IMD Professor, Over 30 years Of 
experiments a·nd data Chairman experiences in 
analysis PTSD and anxiety 

11 disorders research 

Anxiety, depressiOh l(b){6) I Post-doetorar Trained at 
behavior t"nU Researcher University of 
Stress moctel Cincinnati and 
IV surgery Cincinnati 
Drug self~ Ghildren1s Hospital 
administration Medical Center 

IACUC mandated 
facility training at 
each institution 

Ii Completed USUHS 
IACUC investigator 
training 2/16/10 

VU. BiOHAZA.RDS/SAFETV: In order to protect personnel from chemical hazards 
~chloral hydrate and parafonnaldehyde) all personnel will wear PPE (lab coats, mask, 
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gloves and safety glasses) to limit exposure to both chemical hazards and also animal 
allergens. Transcardiac perfusions with paraformaldehyde and glutaraldehyde will be 
conducted in a certified Chemical fume hood with drain for disposal of waste fluids. The 
laboratory space h~s ~en1fx~viotusly evaluated by EH~S and nas been in continuous 
use b~ the laboratorv of ~r PSY). The laboratory 1s now a shared space between 
thEf6>< _labs (PSY). 

VIII. ENCLOSURES: NIA 

IX. ASSUBANCES: As the Principal Investigator on ttiis protocol. I acknowledge my 
responsibilities and provide assurances tor the following'. 

A. Arnim11 Us•: The animals authorized for use in this protocol will be used only in 
the activitles and in the manner deaeribed herein, unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. Duplication of Ettort: I have made a reasonable, good faith effort to ensure that 
this protocol Is not an unnecessary duplication of previous experiments. 

C. Statistical Aaaurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy r:I this proposal, and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohaz•rd\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, In the preparation of this 
protocol. 

E. Training: I verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

112012012 

Principal Investigator Signature Cate 

G. Training: The following personnel will attend the next USUHS 
Investigator/Animal User Training Course: 
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H. R•ponsiblltty: I acknowledge the inherent moral, ethical and administrative 
obligations associated with the perfonnance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health. 
comfort, welfare, and well-l'Mting of the research animals. Additionally, I pledge to 
conduct this study in tne spirit of the fourth "R" that the DOD has embraced, namely, 
•·Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

112012012 

Oifi 
I. Painful Procedure(•): 

I am 1oonducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distre&s 
caused by the stress paradigm WILL NOT be relieved with the use of anesthetics, 
analgesics and/or tranquilizers. However, the potential pain and distress °'aused by the 
IV catheter surgery WILL.. be relieved with the use of anesthetics, analgesics and/or 
tranquilizers. I have constdered alternatives to such procedures; however, using the 
methods and sources described in the protocol, I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

r 1120/2012 

Pnnclpal Investigator Signature Date 
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X. PROTOCOL ABSTRACT: 

A. Animal erotocQI N_umbftr. 

B. Animal ftotocol Tltlt: Stress and drug seeking in rats: Role of the 
endocannabinoid systeft Md caffeine 

c. ertnclpal lovnt!qator:! ><5> IPhD 

0. '-9rformlna Oraanipdon: Uniformed Services University of the Health Sciences 

E. Fundlna: Center for the Study of Traumatic Stress (CSTS) 

F. Obitetivt and Aporoach: 

We hvpotheslze that the endocannabinoid system and caffeine play a significant role in 
trauma-induced amciety/dapresslon and relapse to nicotine seeking behavior. Using 
well-established rat models of stress and drug self-administration. we will investigate 

Specific Alm 1: the effetts of three stress models (traumatic stress, warrior stress and 
fear 1eaming) on depression, anxiety and relapse to nicotine seeking in rats. 

Specific Alm 2: the effects of CB1R agonist during stres!S exposure on subsequent 
depression, anxiety and relapse to nicotine seeking in rats. 

Specific Alm 3: the effects of caffeine during stress exposure on subsequent 
depression, anxiety and relapse to nicotine seeking in rats. 

G. lndtxina ltOD• lQncdptorJ): rat, nicotine self-administration, drug seeking, 
traumatic stress. psychological stress, fear memory, PTSD. anxiety, depression. 
endocannabinoid system. caffeine, relapse, reinstatement 
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STATISTICAi.. R!V!e.W: A person knowledgeable in biostatistics reviewed this 
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study"=~--------, 
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Date 

,ATTENDING VET_§Rl~ARIA.N : In accordance with the Animal Welfare Regulations, 
the Attendlng Velterinarian was eonsutted in the planning of procedures and 
ma:nipulations 1hat may cause more than slight or momentary pain or distress. even if 
re1ieved b anesthetics or anal esics. 
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.ANJIMAl PRQTOC_O_L_NU.M_B_ER: Pending 

PRlNCJP.ALJNVESTIGAI_ORf bH5
l ~. IJ,, Ph.D. 

ANIMAL_f!ROl_O_C_Qb__ TlllE: ltienfification of Gene E.xpresslcm Patterns in Brain 
Tiss·Yes and Peripheral Whi~e Blctod Cells of Rat Model of Post-traumatic Stress 

GRANT T~TL._L(lf d'iffererrt_ir_am_abrn1e.): Nf A 

USUHS eHOJE.C..J_HlJlttBE.8: ..... lt6>_c6) _____ __. 

~O=INYIESW_AiL_QJl(ll: i.:..;1(6);.;..:(6)~~1 M. 0. j{6H6
) fh. D.J'-(6_><

6
_> -------'IM.D . 

. TECHNICJ_AN:l(b){G) IPh.D, 

I. t NO~ TECHNICAL SYNOPSIS: 
We have demonstrated that $peeific gene expression patterns are present in brain 

tissues when symptoms such as exaggerated startle response are observed in an 
animal model of post-traumatic stress idi&tm:Jer (PTSD). We further Have shown that 
correlated ,gene exprestion patterns are present in peripherai wnlte blood cells; these 
may result from systemic responses to e)(pos1Jr1e Ito traumatic stress and may be us~ful 
in the development of diagnostic biomarkers of post-traumatic stress. We now 
hypolheslte that genes tr:iat are both stress responsive and related to mitochondria 
stwcture am:il function play a key ro'le in both normal and abnormal adaptive responses 
of individuals 'to traumatic s~ress correfaited witti combat or other catastrophic events. 
We therefore fpl'iopo:se to: 

1. Exp:arid and confirm our gene expression discovery using mutl-well PCR with our 
established rat PTSD model. 

2. Det~rmine ~he functio'n of striess responsive genes in metabolic and signaling 
pathways using Ingenuity Pathway Analysis. 

To do so rat:s will be subjected (at USUHS) to the stress protocol developed by Dr. 
116)(6) ltlhen euthanized so that brain tissues associated with central stress responses 

itrnd blood samples can be obtained f~)~s?naJsls in Dr.1<6)(6) !laboratory and 
pathway analysis can be done in Dr. laboratory. 

Ill. BACKG~OUND: 
Post .. Traumatic Stress Disorder (PTSD) is a complex mental disorder that can 
develop 1in response to traumatic events during combat or other catastrophic events. An 
estimated 70% of adults in 1the United States have experienced a traumatic event at 
least once in their Hves and up to 20% of these develop Pi SD. Those with PTSO 
display alterations in behavioral (hype rresponsiveness ( 14 ). heightened acoustic startle 
response), emotional (irritability, emotional numbing), biochemical (increased thyroid 
adtMty(15). increased levels of corticotrophin-releasing factor (CRF) (16), and low 
co:rtisol levels (17)), and physiological function {abnormal activity t>f the autonomic 
nervous system (3,4) and of the hypothalamic=pituitary~adrenal (HPA) axis (5,6)). Acute 
stress has been shown to induce down-regulation of glucocorticoid receptor (GR) RNA 
(18) and facilitate kmg-lasting changes in chollnergic gene expression (19). These most 
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recent findings provide initial evidence that gene expression signatures following trauma 
identify an evolving neuropsychiatric disorder and are informative of its key clinical 
features and outcomes. However, large-scale searching for molecular targets 
underlying PTSD has not been reported to date. 

11.1. Background: 
PTSO Animal Models have been developed in which different stress paradigms 
provoke a wide range of behavioral responses. Intensely stressful experiences, 
aversive challenges, and situational reminders of a traumatic stress in PTSD animal 
models have resulted in long-term effects on behavioral, autonomic, and hormonal 
responses that mimic many of the clinical symptoms seen in patients with PTSD. The 
methodologies used to produce PTSD animal models Include electric shock (20), social 
confrontations, stress-restress or time-dependent sensitization (21), underwater trauma 
(22). exposure of a rat to a predator (23), and the Inescapable tall-shock model of 
traumatic stress (24-26). To establish a rat model of PTSD using highly stringent criteria 
we have successfully developed and tested the inescapable tail-shock model of stress 
in rats and verified that short and long-lasting behavioral, biochemical and physiological 
alterations result (27).. Importantly, the stress-Induced behavioral and 
neurobiological symptoms In the rat models are very similar to thoee aeen in 
PTSO patients (Table 1 }. In PTSD patients, the amygdala displays hyperexcitability, 
which is thought to be responsible for the exaggerated startle responses of these 
Individuals to stressful events. 

In our animal model. stress exposure consists of a two-hour per day session of 
immobilization and tail-shocks, for three consecutive days. The animals are restrained 
in a Plexiglass tube, and 40 electric shocks (2 mA. 3 s duration) are applied at varying 
intervals (1 40 to 180 s) over the course of two hours on three consecutive days. This 
stress protocol was adapted from the "learned helplessness" paradigm in which animals 
undergo an aversive experience under conditions in which they cannot perform any 
adaptive response (28,29). We stress the rats for three consecutive days because it 
has been previously demonstrated that repeated immobilization and tail-shock stress 
sessions for three days is more effective than a single stress session In producing 
physiological and behavioral abnormalities, such as elevations in basal plasma 
corticosterone levels, exaggerated acoustic startle responses and reduced body weight 
(30). Further exposure to stress does not appear to result in greater physiological and 
behavioral changes (31). Considering the life span difference between human and rat, 
three days of stress exposure in a rat may be approximately equivalent to three months 
of stress in humans. 

Our earlier studies have shown that (1)the difference in body weight between 
stressed and control rats was statistically significant (p< 0.05) and stressed rats 
continued to display reduced body weight gain for as long as body weight was 
monitored; (2)measurement of acoustic startle response (ASR) on day 7 following 
completion of the stress protocol revealed that stressed rats exhibited heightened ASR; 
and (3)tall blood samples from stressed rats had higher plasma corticosterone levels 
than control animals. Our results with the inescapable tail shock paradigm as a model of 
PTSD are consistent with those in the literature (34), and while we acknowledge that 
although the animal model cannot fully represent PTSD patients, it is the best available 
means to determine the molecular and cellular mechanisms of PTSD pathogenesis. 
Multi-dimensional validations, such as a combination of both behavioral and biological 
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criteria, are neees·sary to provide a soHd basis for study of the molecular mechanisms 
using an animal modeL to confirm resultant discoveries in clinical samples by 
associatiOn studies, and then to develop diagnosis and treatment strategies. 

'Table 1. symptomatic Similarities of 1PTSO between Human and Animal Models 

PTSD in Humans Inescapable tail-shock model of sttess in rats 

Weight loss <Sutker tt al., l 990:Myers et al,, 200S;Brliga Sup~ressed feeding and bod}' weisht loss {Hu el al., 2000;Harris 
•et al., 2004) et al.t 2002) 

'Difficulty falling <>r $~ayirtg asleep, ni~htmares (Maher 
:et al.. 2006;Mihcr ct al., 2006} 

Altered sleep patterns (Adrion et al., l 991 ) 

~ 

f>'5ychomo~or numbness (Epstein a nl ., I ~9 g ;Lopez· l'bor, Persism1t behnvio~al abnormalities i.e. suppressed open· field 
2002) activity. longer hanging wire laic:nole:s (Minor er. al., 1984, Pare, 

1994) 
'Po·or icf>ncentration; ,memory det'ici ts (Bmnn~r el al., Deficit~ iii e~capefavoidanee learning and leamlnQ of an 
'2004;1saac et a:I., 20061'.Qreen, 2003) ai>IJetitive uuk (~ttief, 200 l ) 
Hypetvigilante ancll«>r exaggerati:d starile response (Orr 6xaggeratcd startle (Onrtiek et al., loo 1 :Servatius et 111., 
•et al., 20o2·0tr and Roth. 2ooo·Pitman et al.. '1999) 199S~Manicm et al. , 2007a} 
Hype.rresponsiverness of the noradrencrgic system (Orr 'Hypcrresponsiveness of the noradrenergic system (Simson and 
and Roth, 2000·Mae<s ct al. '1999) Weiss, 1988) 

~.~:toehondria: 
dysfunctio·n ls lncreasing11y recognized a~ a key component in stress~related mental 
disorders (35;36). Tthe imitochondrial response to stress may include alterations in 
molecular f?athways and networks involving i) an increase in the number of 
rn!tochondria to entlance function; ii) adaptive changes in expression and activity of 
oxidative phosphorylation genes and ATP production; iii) changes in signal transduction 
that affect ~~pr(!!sslon of both mitochondrial and nuclear DNA-encoded genes; iv) 
production of reactive oxygen :species (ROS); and v) induction of apoptosis. Most 
primary stress response mediators, i.e. hormones, immune factors and heat .. shock 

. proteins, exert effeots on mitochondrial biogenesis, metabolism, ROS generation and 
apoptosis, 
Prolonged phy,sical and psychologloal stress can each induce long·lasting 
consequences for an individual and can be the cause of affective disorders sucll as 
PT.SD. In a recent study, psychological stress was associated with increased blood 
concentrations of oxidative stress markers and genetic modification. namely telornere 
shortening (37}. Overexpression of two antioxidant enzymes, glyoxalase and 
glrulathione reductase 1, in the mouse brain has also been associated with incre~ses in 
anxious behavior (38). Thus, oxidative stress could contribute t~ the complex control of 
anxious behavior and related conditions, such as panic disorder, post-traumatic stress 
disiorder and social phobias. lrn fact, exposure of rats to chronic stress (irnmobilization 
tor six hours during 21 clays) inhibits the activities of the first complex·es of the 
mitochondrial respiratory cha1in (inhibition of 69% in complex 1-111 and of 67% in complex 
11-111) indlcaiing lhatt complex intracellular cascades altered in stress-related disorders 
appear to be ~ntimately associated with the metaboli'c integrity and capacity of 
mitochondria to maintain energetic parameters and ultimately cellular stability (39}. The 
steroidogenic acute regulatory protein (StAR). a mitoel'londrlal protein required for 
stJress respo:nses, exerts its activity at the outer mitochondrial membrane (40). Whether 
other mitochondria function-associated molecules are also altered after exposure to 
intensive str·ess is not known. Currently, the altered cellular and molecule markers 
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.associated with PTSD b:ra'ir1 are not known. Thus, this proposal will attempt to determine 
whetheir trauma~ic stress alters the ex·pression profiles of mitochondria susceptible 
9enes associated with rpathogenesis of PTS'O. 
Exp1re·asit11n patterns of mitochondria-related genes in peripheral lymphocytes and in 
specific lbraln regions nave been identified in human PTSD and control post-mortem 
brains. Peri;phernl blood monornuclear cell gene expression s,ignatures are informative 
enct predictive irJf the PT'SO outcome among survivors of trauma, and correlate with the 
esse.ntial neuropsy·chiatric symptoms ocser.Jed in PTSD {56;59). However. a causal 
relatio:nship oetween gerne expression profiling in peripheral lymphocytes and specific 
b~aln regions associated with neuronal circuitry responding to a stressor remains 
unknown. Thusn determination of the expression of mitoctiondtial related gene profiles 
in brain amygdala, hippocampus, hypothalamus, prefrontai cortex and anterior cingulate 
corte.x afld 'in perip!11er.a1 white blorJd cells and establishment' of a causal relationship 
with btoioglcal and psycnlatric stress·ors in an animal model of PTSD will greatly 
enhalflee our eatpabiltty t,o objectively, promptly and c;ost effectively evaluate the status 
of PTSD associated symptoms. The potential lo use the peripheral cells to rapidly 
determine tlhe effects of stressors on the functions of mitochondria will expedite 
dia,gnosis and treatment as well as diminisl'l suffering resulting from exposure to trauma. 
Therre is also the possibility that the proposed experiments will reveal biomarkefS of 
PTSD,, thl.lS allowing the development of more specific therapeutic interventions that 
may repair :celh..ilar damage rather than just treat symptoms. To date. using a 
m1itochondrlal focused gene chip we have discovered that during the development of the 
exaggerated fear assoeiat,ed with PTSD. 48 genes are significantly upregulated and 37 
are 'Slgn1f~can~l.Y downregulated in the .amygda:Ja comple.l< based on stringent criteria 
(p<O.CH). Ingenuity pathway analysis revealed up- or downregulation ln the amygdala 
complex of four signaling networks - one associated with inflammatory and apoptotie 
path'way.s1 ofle with immune mediators and metabolism, one with tr.anscriptional factors, 
~md one with chromatin rernodeling .. The quantitative RT·PCR (qRT-PCR) array (Chen 
V. et al. ,2009; BMC Genomics 2009, 10:407 doi:10.1186/1471-2164-10-407) which we 
will now emploay has become commercially available since our last studies,, qRT-PCR 
provides higher sensitivity, allowing deeper drilling into the into the expression profile of 
genes in rrespcnse to stres'S, 

U.2. Uterature Search for Ou_plicat1on: 

11,2.1. Uterature 1Source(slSearch.ad: PowEResearch (the USU LRC system that 
seache,s a11 da~abase.s in the LRC) 

111.2.2. Date tif Search: Septembet 15, 2014 

11.2.3. Perjod O'f Search: From beg~nning of each individual database to the present 

11.2.4. Key 'Words and Search Strategy: 

1. Mitochondria AND PTSD AND Brain AND Gene Array AND Animal 
2. Mitochondria AND PTSD AND Peripheral White Blood Cells AND 

Gene Array AND AnimaL 
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11.2.5. llasul~ o1=Saarcb: Only two (2) articles {Ursa no at al .• 2009; Pushpa et al. 
2012) , both frorn our group. 

The hypothesis is that (1) specific gene expression patterns are present in brain tissues 
that are involved in the pathogenesis and neuropsychi~tric phenotypes of PTSD; 
(2) specific gene expression patterns a~ present in peripheral white blood cells that are a 
oonsequence of .systemic responses to traumatic 3tress and can be useful in the 
development of clinical non-invasive diagl'lostlc biomarkers; and (3) that the 
mitochondria-centered and stress-responsive genes play a key role in normal and 
abnormal adafptive responses of individuals to traumatic stress encountered in combat or 
other icatastro;phic events. 
lhe objectivea of this proposal are as follows: 
Specific Aim 1: To extend and deepen our currents findings by replacing the previously 
employed rat cDNA microarray (rrMitChlp3) design with the more senstlvie qRT-PCR array. 
S,peclfic Alm~: To ex1perim~ntally determine the mitochondrial gene expression 
patterns .and differeritlally expressed genes and biomarkers ln amygdala, hlppocampus. 
hypothalamus, prefrontal cortex, anterior cingtJlate cortex and peripheral white blood 
cells using our established rat-PTSD model and i'MitChip3 .. 
Specific Alm 3: To b'ioinformatically determine biochemical and molecular pathways, 
networks and drug targets from data collected from brain tissues and blood samples 
and to correlate these changes (in mitochondria associated gene eKpression profiles} 
with neuropsychiatric and/or behavioral abnormalities observed in an animal model of 
PTSD. 

IV. MILITAR1-RELEVAJ~LC~; The information obtained from ttiis research is expected 
to aid in the development of more efficacious therapeutic interventions aimed at 
preventing or treat~ng stress-induced affective disorders such as PTSD. Active duty 
military, reservists and veterans exposed to combat related traumatic stress, as well as 
civilians exposed to trauma'tic drcumstances such as natural disasters, terrorist attacks 
and auto or plane crashes, may all benefit from the knowledge thus obtained. 

V. MAT_ERlALS_AND_M_E.lt:tODS: 

v.1. Ei<perlmental Design and General Procedures: 

V.1.1. Experiment 1: f6)(6l Laboratory) Male Sprague-Dawley rats, weighing 
approximately 250 gm, will be subjected to restraint in plexiglas tubes and tailshock (40 
shocks (2mA, 3 sec duration) administered over the course of two hours on three 
consecutive days). All animals will be weighed the day before beginning the stress 
protocol to obtain baseline readings and on Days 0 and 30 following exposure to the 
stress protocol. Control and stressed animals will be sacrificed immediately following 
completion of the stress protocol (Day 0 following stress) or one month after completion 
of the stress protocol (Day 30 following stress) and brain tissues and lymphocytes will 
be harvested and frozen for further analysis to determine whether expression changes 
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·of mitoeihondria-relatetl 1genes are present and long lasting, Animals will be 
anesthetized by isoflurane inhalation (using 30% v/v isoflorane In propylene glycol with 
a nose eo.ne), decapitated and the brains quickly remo\led and placed in ice-cold . 
artiflcial oo~bfl0Spirna·1 fluid. Brain tissues will be disseotetl out and stored at -70°C. 
Trunk blood will be coUeoted and lym,,hoeytes will be is·t>lated from EDTA~~Hitlco.agulant 
treated blood (7.5 ml.} by centrifugation using a stertre lymphocyte separation medium. 
The lymphocyte layer will be w~shed with phospha1e~buffered saline (BtoWhittaker) and 
stored at -703 for further processing 

v.1 .. 2. ExperJment 2: 1(6)(6) laboratory) mRNA will be extracted and purified from 
frozen poo'led btaln tissues and pooled lymphocyte samples and used In qRT-PCR. 
Databases will be compiled for eaeh brain tissue and for lymphocytes at each time point 
and d·at~ will b~ normalized, 

V.1.3. Expe:rnment 3: l~Jatmratory) Bioinformatic tools will be used to analyze 
the data to determine biochemical and molecular pathways; networks and possible drug 
targets in brain tissues and blood samples; that may be altered by stress and to 
correiate these changes with! neuropsychiatric and/or behavioral abnormalities. 

V .. 2. Data Analysis~ 
Determinatitm of Number of Animals Ne.eded: Based on our recently completed 
wo~k using a mitochondrial focused gene ChlP1 we anticipate that thirty rats will be 
needed in 1each group to generrate enough reglon specific brain tissues and lymphocytes 
for RNA e:l<traotijon as well as to establish a definitive clustering correlation between 
btai11 spee;ific regions an·d peripheral lymphocytes for future clinical implications. The 
total RINA required for one qRT-PtR array is estimated to be 2 µg and an estimated 
minimum of 6 qlRT-PCR arrays will be needed for each qRT-PCR experiment to allow 
for adequate statistical analysis. For e.xample, the rat amygdala Is the smallest of the 
region specific brarln tissues that we willl examine in this project. It is approxJmstely 1 
mm in diameter ana weighs approximately 1 mg: approximately 2 mg of amygdala 
tissue can be obtafined from one animal. Approxlmately 10 rn~ of amygdala tissue (or 
five animals) wi'll be needed to e.xtract 2 µg of RNA; thus, pooled rat amygdala tlssue 
from 5 rats will be 1required for one qRT-PCR array. Therefore, a group of 30 rats wm be 
needed for each experiment (5 rats per ohlp x 6 c:hips=30 rats). We have proposed a 
series offour exper1ments, each us1tl9 a group of thirty rats (conttol1 euthanize 
immediately after stres-s, control + 30 days and euthanlze 30 days after stress), 
therefore, a total of one hundred twenty rats (4 expeniments x 30 rats per experiment= 
120 rats) will be needed, 

A duplicate series or experiments has been proposed after data from the initial 
se1Fies have been analyzed,: this duplication of the e)(periments is essential to allow 
adeciuate statistical analysis of the microarray data. Note that there are two distinct 
control groups in 1each series of four experiments; neither 'Can be eliminated from the 
se:ries. The enhancement resulting from duplication of the experiments will increase the 
statistical power of the project; in fact1 the editors of scientific journals and reviewer'S of 
manuscripts generally require duplication of experiments to enhance· biological 
co:nsistency in Order to convince scient1lsts in the field of the validity of the data and thus 
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to enhance the impact of the research in the literature. Thus a total of 2AQrats is 
required. 

V .3. Laboratory AnlmatsAmuJred__aru:LJustification: 

V.3.1. Non...anlmil Altem:.tJ'ies Con!lJd@_r_(Mj: This study requires the use of intact 
living animals; behavioral measurements, such as administration of the stress protocol, 
cannot be made on cells grown in cuiture or on computer models or other in vitro 
systems. Thus, non-animal models were not considered for this project and it is not 
possible to replace or eliminate the use of animals in this study. 

V.~.2. Animal Mod_al arnd $,p@clas Ju&tific"8tiOD! The tat (1n this study, Rattus 
norvegicus) Is the primary model used in studying the physiology of the arnygdala, the brain 
area primarily lrwolve'd in the processing of stressful stimuli; consequently, it is hel·pful to 
use the sarne arnimal in order to make comparisons with the literature (Kohda. et al, 2007). 
lJse ~t a1lso replaces ether animals higher up the phylogenetic scale. 
~-· as developed and refined this particular animal model of traumatic stress 

over a period of ten years. It was adapted from a "learned helplessness" paradigm in which 
animals undergo an aversive experience under conditions In which they cannot perform 
any adaptive response {Servatius et al., 1995a; Braga et al., 2004; Manion et al., 2007b). 

V.3.3. lahoratocy Animals 

Species #1 Species #2 
V.3.3.1. Genus & Species: R. Norvegicus 

V.3.3.2. Strain/Stock: Sprague-Dawley 

r
bJ(JJ 

V.3.3.3. SQu1ceNeneior; _ 

V.3.3.4. Age~ ... 8 weeks 

V.3.3.5. Walght: -250 grams 

V.3.3.6. Sex: Male 

V .. 3.3.7. Specla~ ConslderaJions: NfA 

V.3.4. Number of Animals Required (by Species): Rats 240 

V.3.5. RefJnement, Reduction, Replacement (3 Rs~: 

V .3.6.1. Refinement: Animals will be housed in a climate controlled environment in 
groups of two per cage with free access to food and water, and will be maintained on a 
12 hour reverse light/dark cycle at 22 ·c. The use of paired housing for mate rats has 
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not presented p,roolems in the past With our use of this animal model of PTSD; 
however. it Ifs c-0ncelvable tthat male rats coufd become aggressive toward one another. 
especially Jn tlhe 19nn1ps that are pair now~ed ·for 30 days before euthanlz--atlon. We and 
CLAM staff members will observe ihe animals on a daily basis and will change to one 
r,at per cage ff observations indicate any behavior that would have a negative effect on1 
the proposed e-xperiments. 

V.3.5.2. Reduotion: We anticipate that thirfy rats will be needed per group to 
generate enou,gh iregio'n specific brain ti~ssues and lymphocytes for RNA extraction 
as well as to establish a definitive clustering ccmelation between brain specific regions 
and peripheral lymphocytes for fiuture clinicaf implications. The amygdala is very small 
and it is neoessary to combine amygdala tissue from 30 rats for qRT-PCR array 
experiments and related ummunon1stoehemlstry. It wlll not be possible to reduce the 
number of control animals when the experiments are repeated as the bioinforrna1ic-s
tools used for data analysis require the ruse t>f matched control/stress grou15s of animals. 

V.3.5.-3. B~J>la.c_ament: This study requires the use of jntact living animals; behavioral 
measurements cannot be made on cells grown in culture or with computer models. 
Thus, it is not possible to replace or eliminate the use of animals in this study·. 

V.4. rrechnicam Metlhods: 

V .4.1. Pain ,, Distres8 Assessment: 

V.4.1.1. APHIS Form 7023 lnftntnation; 

V .4.1.1.1. Numba_c_oJ~Anim_al_s ;. 

V.4.1.1.t.1. Co1umn C: 

V.4.1.1.1.2. Columrn O: 
V.4.1. f .1.3. Column E! 

Spe_cle_:_s #1 

120 
0 

120 

V.4.1.2. Pain ReHef I P.teventionz NIA 

V,.4.1.2.1 •. Ane:sthesiaJAnalgesialTtanqulllMtlon: 

Species#! 

lsof~urane am'!lsthesia will be performed prior to euthanization of rats by decapitation 
w1itfh a gufll:Jotine for tissue harvesting. For rats, a mixture of 30% v/v isonurane in 
propylene glycol (1,2=Propanediol USP grade Sigma Cat no. P4347) will be prepared. 
~nesthesia is performed in a certified ducted hood, biosafety cabinet or portable 
ductless hood equipped with a charcoal filter. While wearing gloves, the operator opens 
the lbotlle oontaaning isofluralile in the hood and wets a cotton pad wet with isoflurane. 

The pad Is placed in a 100 ml !beaker so as to not contact the rat, the beaker and then 
the rat are placed in ·a jar with a secure lid, mad~ of non-porous material that is 
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sanltlzable and aHows for constant vistJJalization of the animal atid is of such size as to 
CG)mfonaolly accommodate the animal, but not so large as to require excessive 
anesthetic, The animal is monitored closely. it becomes anesthetized in approximately 2 
minutes. When a lack of righUng reflex anti a 50% reduction In respiratory rate are 
observed for at !least 10 seconds, the rat is removed from the jar, and the jar lid 
immedia,tely replaced. If there is no respo'nse to a noxious stimulus (le. toe pincn), the 
1operator proceeds (1in this protocol) to decapitate the rat with a guillotir1e and harvest 
brain tis~ues and trunk blood, 

V.4.1,2.2. Pre- and Post.procedural (nn:Lsurefil_VJhovlsiioas: Animals will be 
housed in a climate controlled envifionment in gro:ups of two ~sr cage with free access 
to food a'nd water, ana will be maintained on a 12 hour !'@verse light/dark cycle at 22 •c. 
Animals will tJe aoclijmated for three days to the USUHS Cl.AM. During acclimation to 
CLAM1 anima1ls will be ha11dled briefly each day to acollMate them to being handled; this 
will r~duce any stress that might result from handling of the animals during the 
procedures described in this study. Following exposure to the stress protocol1 anirn~ls 
wnll be monitored according to ClAM SOPs. 

v .. 4.1.2.3. Paralvtie-s: NIA 

V .4.1.3. Llterature Search fen· Alter,11atiyes to Painful or Dlgtre9&fUI Proeeduresi 

V.4.1.3.1. Sourc·es Searched: PowEResearch {the LISU LRC system that seaohes all 
databases in 1he LRC) 

V.4.1.3.2. Date of Searich: September 15, 2014 

V.4.1.3.3. Period of' Searoh~ from the beginning of each database to the present 

V .. 4.1 .3.4. l(ey_W,ords of Search: 
• Stress end pain ~net mitochondria and rat 0 
• Pa~n and PTSO a:nd mitochondria ·and rat o 
·• Pa~n and Pl'SD and rat 0 

V' .. 4.1.!US. Resul~$ of Search: No relevance 

V.4.1.4. Una~leviatad e_ainful or Dlstrussful Procedure Justification: 
We have deve1oped a stressed rat model In which a young adult male animal is 
restrained in a plexiglas tube of appropriate size and receives a series of forty tails hocks 
(2mA cornstant current, 3 sec duration) over a period of two hours daily on three
consecutive days. A coiled silver elecfrode is attached to the tail with a spring clip so 
that there is no irritation of the tail either from the shocks or from adhesive materials 
being applied and riemoved each day. The number and strength of the shocks 
proposed has been optimized to yJeld a model of chronic stress as measured by 
changes in beh<avior and by elevated plasma levels of corticosterone, This stress 
protocol was adapted from the "learned helplessness" paradigm in which animals 
undergo an aversive experience under conditions ln which they cannot perform any 
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adaptiVe response (Seligman and Maier 1967; Seligman and Beagley 1975). We stress 
the rats for three consecutive days because it has been previoysly demonstrated that 
repeated stress sessions for three days are m<>re effective than ,a single stress session 
in producing pnyslotogical and behavioral abnormalities, such as elevations in basal 
plasma corticosterone levels, exaggerated acoustic startle responses and reduced body 
weight (Servatius et at. 1995; Ottenwener et al. 1989). Additional exposures to stress do 
not appear to result in greater physlologi~I and behavioral changes (Servatius et al. 
1995; Ottenweller et al. 1989). Other types of stressors appropriate for an animal model 
(e.g. restraints only) are not easily quantifiable and have resulted in at least partial 
habituation rather than chronic stress. Given these considerations. we feel that the 
painful procedure is justified. 

In an earlier study, the startle response and adrenocortical release of rats was 
assessed f1ollowing exposure of the animals to stressor presentations similar to that 
proposea in this study for one, two or three days (Servatius et al .. 1994). Rats that were 
exposed to three days of stress exhibited an exaggerated startle response to an 
auditory stlmwlus 4 days poststressor as compared to nonshocked controls (Servatius 
et al., 1994; Manion et 31.1 2007). This exaggerated startle response was not evident in 
rats exposed to either 1 or 2 days cf :stress (Servatius et al., 1994). Exposure to our 3 
day stress regimen produces a chronic stress state in rats, characterized by persistent 
exaggerated startle response anti adrenocortical sensitization, which is appropriate as a 
mode'I for the study of stress-related psychophysiological illnesses such as PTSO 
(Servatius et al .. 1994). 

V .4.2. Prolonged Restraint: 
Prolonged restraint wm be conducted IAW IACUC Policy 004 ~Prolonged Restraint". 

All animals are monitored by a technician during the two hours when tail shocks are 
being administered to assure that they do not get into positions that do not allow them to 
breathe properly. Also. the electrode can become loose over the two hour period so that 
the animal no longer receives the shock; monitoring by a technician is required to 
ensure that the animals receive all of the forty tail shocks. 

V.4.3. §Ufl,QGIY~ IN/A 

v ,4.3.1. Pre .. sorglcal .Pro:V~$1ons; NIA 

V.4 .. 3.2. ,fmcedurre: NIA 

V.4.3.3. Post-surgical Provisions: NIA 

V.4.3.4. location; NIA 

V.4.3.5. S.urgeon: NIA 

V.4.3.6. Multiple Malor Survival Operative Procedures; NIA 

V.4.3.6.1. ~ocedures: N/A 

USU HS Form 3206 - Revised October 2008 
Previous versions are obsolete 

11 



V.4.4.1. lrijectf.o_M : N!A 

V.4.4.,2. plosamples: 
Tru1nk.Slgod Samples: 'Trunk blood will be collected when eath animal is 
euthanized. Blood lymphocyte& will be ~golrated firom EDT A-ianticoagulant treated 
blood r1 .5 ml} by eientritugatloi'i mdng ~ sterile lymphocyta s~p;itation medium, 
The lymphocyte layer wm be washed with phosphate~buff-.red ea line 
(BioWhittaker) and fr.oien tor furttttlr analy.sis .. 
l ratn Tfsgue Sa_maJas: Bmln ti~sues win be harvested irrunediatoly aftet the ·fihal 
atress session or 30 dayg after the final gtre1s session. Animals will be 
anesthetized by isoflutaru; inhalation (using 30% vlv isofluran@ in propylene 
glyc.ol, •e• dotaHott procodure describtld In .section V .4.1 .2.1 ), th~n decapitated 
and th~ 'brains re.moved 11s qulcidy 38 ptissible. Brains will be dissecmd and kept 
i1n 1cr1Fcold A'CSFi rhippoeampll&i hypothalamus, prefrontal cortex, anterior 
cingulate 1eortex (B'argma1n 5.70 mm to 4MJO mm} and tho :amygdala (500-~m-thi~k 
transverse .slices) wlll b& cut from tissue blocks with a Vlbratome Tissue Slicer 
(Techhlcal Products ~nternatienal, St. Leoi&. MiasGiUri). All tl$SUe samples Will be 
$lOted at -7oec prior to RNA extraction and purification. 

V,.4.4.3. Adiuv_ants: NIA 

V.4.4.4. Nltmoclona~ Antlbodv tMAbs) ProductJoo: NIA 

V.4;4.5. Anima.1 ~dentiflcntion: Cage cards 

V.4.4.6. hba_yJo(aLStudies= T here is one behavioral component included in this 
study: exposure to traumatic stress. 
Stress exp.O'&ure consists rof a two-hour per day session of immobilization {restraint) 
and tall-shooks. fo:r tihriee oonseeutives Clays. Each animal is restrained in a plexiglas 
tube and afil electrode is atta<:hed to the tail. Forty electric shocks (2 mA, 3 s duration) 
are applied at varying intervals (140 to 180 s) over a two hour period; then the rats are 
returned to their cages. Exposure to this three day stress regimen has bee,n shown to 
be mtJfe effective than a single stress session in producing lasting physio·1ogical and 
behavioral abnormalities, such as elevations in basal plasma corticosterone levels1 

exagge1rated acoustic startle responses and reduced body weight (Servatius et al., 
~995), 

The plexiglas restrattnt tulbes used In administration of the stress protocol are 
designed to ,accommodate animals of a spec'!fied size range, If an animal is near the 
lower end of the size range, there will be slightly more room for it to move in response to 
the shock and possibly twist itself into a position that will not allow it to breathe properly. 
The technician who monitors the stress protocol can retease the adjustable end of the 
resfrgint t1ube slightly to allow the animal to return to a position that does not impair 
breathing, then retighten it Animals of the si2e specified in this protocol (-250 gm) do 
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not u§ually e?Xhibit .sev~re reactions to the stre~s protGi~oL If the. animals have been 
handled when they first arrive in USUHS animal facll'ity, they generally do not resist 
being put into the restraint tubes. ~f animals were to exhibit symptoms of e.xtreme 
respiratory distress or dama9e to tile tail resulting from the eleetric shocks during the 
S"ttess procedure or if any anfimals would lose more than 20% of their initlar body w-eight 
as ~ result of exposurre to the s-tress protocol, they would be Withdrawn from the study 
and euth~fiil;eQ! 
Electrodes will b~ attached to the tail of the animal by means of a spring clip in order to 
mini'rflize any painful irritation that might result from repeated taping of the taiL All 
aoirrn!~S are monitorea by a technician during the two hours when tail shocks are being 
administered to assure that they do nO't get Into positions that do not allow them to 
'breathe property. Animals will be monitored daily 'after the first two stres$ sessions 
according to CLAM SOPs and fhose animals that will be euthanized thirty days after the 
final stress session will continue to be monitored daily for any indieatitm of pain, While 
the ariimal& are :expected to lose weight during the three day stress exposure, any 
animal tnat wou'ld lose >~0% of its body weight as measured on Day .. 1 would be 
withdrawn from the 'study and euthanized by CLAM staff as described in Section V.4.6. 
The shook administered to the tails of the animals is 2 ma in intensity for a duration of 3 
:s~conds. The animals typically jump and cry out during the duration of the shock and 
'struggle to get away ·from it. As soon as the shook concludes, the animals lie quietly 
1until the ne:xt shock, F'our to six animals are shocked at one time (in individual tubes 
with a single eleotrode attaehed to each animars ~ail), The size of the animals can vary 
roy as muen as 20 gm, while the restraint tubes are rigid and fixed. An animal that is 
slightly smaller than the ideal weight for which the tubes are designed can sometimes 
move in~o a positioh where its ability to breathe is compromised; If the animal is not 
lbeing monitored by a technician who can release the ehd of the tube and allow it to right 
ritself, then retighten the end of the tube, the animal can expire. Rats of the size listed for 
this protocol usuallly do not 1exhibit this diffioulty; but will be mohitored during the 
administration of the stress protocol. The electrodes are attached to tt'le- tail witl'I a 
spring cli,p to prevent irritation of tihe tail by removal of adhesive stripes each day for 
three days and to minimize the poss1bility of infection through a break in the skin on the 
tail. 'We have not olbsefVE!d damage to the tail (i.e. burning of the tail) resolting from 
oontact with the e.lectrode during the sl'locks. Criteria for early termination of the shock 
experiments would Include '(1)signs of infection due to a break in the tail skin; (2)severe 
irritation or bu1rnlng of the tail resulting from contact wlth the electrode during 
administratio:n of the shocks; '(3)1oss of >20% of body weight as measuted on Day-1 
before administration of the stress protocol (Note that rats have been consistently 
robse:rved to lose weight following exposure to stress, but never >2.0% of their body 
weaght prior to administration of the stress protocol): and (4)observation of pain or 
lntecUon in the animals that aire housed for 30 days after the final stress session, Any 
animals that must be 1removed from the study will be given to CLAM personnel for 
euthaniz-aUon as described in section V.4.6. 
After each use, the 1restraint tubes are washed in Alconox detergent solution and 
iallowed to air dry and the electrodes are wiped with 95% ethanol. 
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V.4.,4.7. O_ther Procedures~ Animals will be weighed on Day-1 preceding stress 
rexposrure to obtain baseline values and again on Day O or Day 30 following exposure to 
the stress protocol. 

'V.4.r4.i8. Iis.s_ug_Sharlng: IFrozen brain tissue and frozen lymphocyte samples will be 
transferred to the laboratory of(b)(6) I for q'RT-PCR array analysis and pathway 
analysis .. 

V.4.5. Study EntU?oint~ Tlie study endpoint will be the third day tlf the stress protocol 
(Day 0) ·or thirty days (Oaf 30) after the final stress session for all animals that complete 
'the stress protoool. C1riteria for withdrawal of animals from the study would include 
(1)signs of i·nfectlon due to a break in the tall skin; (2)severe irritation or burning of the 
fail resulting from contact w'lth the electrode during administration of the shocks; (3)1oss 
of >'20% of bodyweight as mee~ured on Oay-1 before administration of the stress 
protiocol; and {4)observa'tlon of pain - such at limping, immobility, protection of a body 
regiolil1 bitln:g or sqrueeling when attempt is mac:fe to lift the animal - or infection in the 
animals thai are housed for 30 days after the final stress session. Animals showing any 
of the above signs will immediately be withdrawn from the study and given over to 
CLAM personnel for eutnanizatlon. 

V.4.6. Euthanasia: : 
Eulharnasia wiil lbe performed by CLAM staff per LAM SOPS for rats that are 

withdrawn from tihe study or otherWise not used. 
All rats that are part of the study will be anesthetized as described in section 

V.4.1.2.1. Whe:n a lack or f11ghting re'flex and a 50% reguotion in respiratory rate are 
observed for at least 1<0 seconds, the rat :should be removed from the jar, and the jar lid 
ifnmedriately te[placed .. If there is no response to a noxious stimulus (ie. toe pinch), the 
operator may proceed ('in this protocol) to decapitate the rat wit1n a guillotine and harvest 
br<1in ~issues and trunk bloOd. 

V .5. Veterinary Car~: 

V.5.1. 'Husbandry Considerations: Routine animal husbandry will be provided in 
accordance with .LAM Husbandry SOPs for each species in this protocol. 

V.5.1.1. Styrdy Room: 
Building(s) _..B""'l....,dg...__ ___ ~- Room Number(s) ... f b_J(G-) - -............................... ~ 

V.5.1.2. Special Husbandry Provision&: 

Food_Be.striction.: 

fluid Restriction! 
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V.5.1.3. Exc.ejptions~ !Reverse Light Cycle 
active during ttle experimental periods. 

So that rats, being nocturnal. will be 

v .S.2.1. B.Q.U.:tine Veterinant Medical Car~: Animals will be cared for in accordance 
with LAM SOPs. Animals wlll be observed dally or More frequently by the veterinary 
staff. Should any .animal lose >20% ,of its baseline body weight during the course of an 
el(pertlment, it will be wi~hdl"awn from the study and euthanized by CLAM staff (see 
Section V.4.6). CLAM veterinary staff will be available for consultation with the Pl should 
any une)(pected medical events arise · 

V.5.2.2. Em.e.rg__eriev VeJel.inatY M•utl~a.1 Care: All emergency, weekend, and holiday 
care is p:rovided by two anima! husbandry technicians; one ot more veterinary 
teohniclans1 and an on-call veterinariari. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend end holidays. 

V.5.3. Environmental Enrlehmont: 

V.5.3.1. Enrlchmant. ,strategy: All animals on this protocol will be provided with 
routine onvironmental enrichment in accordance with LAM SOPs and IACUC Policies. 
Examples inc~ude 1nest1ets and tunnels for rodents; balls, toys and food enrichment 
treats for large animai species. 

V .5.3.2. EnJichment Rtstrictiont: NIA 

VIJ. STUDY PERSONNEL QUALIFIC.ATIOttS AND.TRAINING~ 

STUDY P!:RSONNEL QUALIFICA TJONSnRAiNING 
Qualifications of 

person performing Specific training in this 
Protocol acttvlty or activity (e g .• activltt or pt~ure 

procedure (e.g .. tail vein Name of person research te--Jlnician. (e.g .• rodent handling 
inlectiort~ euthanasia} n1>1formina ::irtl11iN 2 vrs exoeriencel ciass 1999} 

Stress Protocol ,0)\0) Pl, 10 years Developer 
experience 

ls·oflurane anesthesia Pl, 15 years exp NIH. USU 
Brain dissection 20 years Pitt, NIH, USU 
& harvesting, trunk experience 
blood collection 
Decapitation 20yf experience NIH, USU 

2ovr experience PITI,NIH, USU 

"""',___,,Drl(b)(s) Will not be involved in any hands-on animal manipulations. Dr. 
1<b>!5> ~ill not be doing any animal work here at USUHS; he will be doin ~netic 

analysis of tissues sent to his laboratory at Georgetown University. Or lb)(6J has 
extensive experience with brain tissue harvesting and dissection and trun b ood 
collection and with the administration of isoflurane anesthesia, both at the NIH and at 
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USUHIS; he is expetted to serve in an advisory capatity with tegard to these 
proceduries, Any new research associates or graduat~ students who rotate t'hrough the 
faDoratory wm be added to the pr'Otocol by request for and approval of a minor 
modifi~atiOf\ to this protot:ol b~fore beinQ peftflitted lo do any animal procedures. Dates 
for attenda1noe at uie most re·cent USUHS Investigator/Animal User Training Cours~ liire 
as folloM: 
f ~~;) M. ll., Ph.D. May 17. 2007 

>> I Ph.D. June 2010 

VII. ISIOHAZARDSLSAEEIY: Personnel will use persohal proteetive equipment (eye 
protettloni lab ooats, gloves. rm.asks) when handling animals to reduce exposure to 
allergens, All needle~ Wii11 be disposed of in sharps containers. Although the shock 
adminlsteretl is 2mA, all personne.I will be trained to pause the program and disconnect 
the electrodes before maKing adjustments to electrode placement or to the rfiovable end 
of the restraint tube. 

vm. ENClOSURES: NIA 
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• I IX. ~'SSURANCES: 

As the Principal Investigator on this protocol, I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein. unless a modification is specifically 
approved by the IACUC prior to its implementation 

a. Duplication of Effort; I have made a reasonable, good faith effort to ensure that 
this protocol is not an unnecessary dwplication of previous experiments. 

C. Stath~tlcal Assurance: I assurie that I have consulted with an ind1v1dual who is 
qualified to evaluate the statistocal design 0r strategy of this proposal. and that the 
'"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues, and so forth, in the preparation of this 
protocol. 

E. Training: l verify that the personnel performing the animal procedures I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Cou..,.--------

G. 'Train ing: The following personnel will attend the next USU HS 
lnvestigatorJAnimal User Training Course: 

H. Responsibility; I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
~hat all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare. and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely. 

~~:~~~~~::~r~:~:~~-anima1 uoo aiternativ•t•;·;·:;i: and oonducting 
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I. Painful r>rocedure(~): 

I am conducting biomedil;;al experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
WILL NOT be relieved with the use of anesthetics. analgesics and/or tranquilizers. I 
have considered alternatives to such procedures; however. using the methods and 
sources described in the protocol. I have determined that alternative procedures are not 
available to acco c · - · this proposed experiment. 

Ptinei!)el lnve:s rga or 1gna lJre 
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X . . PROTOCOL ABSTRACT~ 

A. Animal ~rotoco_tNumb_e_r= Pending 

B. Anima·1 F>mtoool TJtle: Identification of Gene Expression Patterns in Brain Tissues 
:and Peripherial White Bood Cells of Rat Model of Post-traumatic Stress 

C. ~rln~Jpalbwe_siiqatm:~M.D., Ph,D .. 

D. ~etf1:trming O_tganJza:ti.o.n: lln1fotmed Services University of the Health Sciences 
,and GenProMarl<er 

e. fuitdina: DoD Awarded to Or.l16H6l I M.o. 
F. Qbfe_ctbLtLan_d_Att~o_a~h: 

The olti!jettivos of this prop·osal afle as follows; 
Spetlflc Airm 1: To exirend and deepen our currents findings by replacing the previously 
employed rat tON.A mic1t>Emay {rMitChip3} design with the more senstivie qRT·PCR array. 
Specific Aim 2; To GX!Perjmentally determine the mitochondrial gene expression pattems 
and diff~renfially e:X[pl"'essed genes and oiornarkers in amygdala, hippoc-ampus, 
hypoth 1alamus, prefronta~ cortex. anter1ior cingulate cortex and peripheral white blood cells 
using our ·established rat-lPl'SD model and rMltChip3. 
$peeifi~ Aim a: To bioinformaticauy determine biochemical and mo1ecu1ar pathways1 

netw,orks and drug targets from data collected from brain tissues and blood samples and to 
correlate these ·changes (in mitochondria associated gene expression profiles) with 
neuropsychiatric and/or b~havioral atmormalities observed in an animal model of PTSD. 

G. ~ l'\d~x_in1g Te·rms (De_scJ'ip-rots): Rat, F>T$D1 Biomarkers, Gene array, Peripheral 
white blood cells. Bn1ln tissue and Animal. 
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UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES @ .. ' 
061 JONES BRIDGE ROAD 

BETHESDA, MARYi.AMO 208144712 
--.u•U~ n•UI 

May 06, 2015 

MEMORANDUM FOR DR .. ._f6_>!
5
_i ___ _.!DEPARTMENT OF PSYCHIJ\lRY 

SUBJECT: IACUC Approval of Protocol - Triennial Review 

The following application was reviewed and approved by the Uniformed Services 
University of the Health Sciences (USUHS) Institutional Animal Care and Use Committee 
(IACUC) via Designated Member Review on May 06, 2015: 

Anim;il Protocol Title: "Role of Nicotine and Opioid on Strt:ss and Anxiety in Rats'' 

USUHS Protocol Number: .... l(6_H6_l ___ _. 

EY'iration Date:_ May S, 2018 

Suooorting Grant(sl Number: ! .... b_)(a_i ____ _, 

Name of Principal Investigator; Dr ..... f6_>16_> ___ _..... 

The USU HS has an Animal Welfare Assurance on file with the Office for Laboratory 
Animal Welfare (OLA W), National Institutes of Health (NIH). The Assurance Nwnbcr is 

1(6)(6) I The IACUC approved the above reforence<l .application as submitted. 

An annual review is required for each of the three years of this protocol. This review 
must be completed by the anniversary date of the protocol. If work is to he continued past the 
expiration dale, a triennial review must be completed prior to lhc expiration date in order for 
work to be uninterrupted. Protocol expiration da.tes may not be extended. and no animal work 
may be done without an approved protocol. Although the IACUC may send reminders, it is the 
~nvestigalor's responsibility to submit an annual review fonn (Fonn 3206A) at least 30 days in 
advanct=, or a new Form 3206 for triennial review at least 60 days in advance of expiration. 

Prior to placing your first animal order, please contact MAJl(b)(S) Ito schedule a pre-
protocol planning meetingfb)tG) I nus meeting must occur to ensure animal numhers are 
loaded in the CART system and LAM resources are avai lable LO meet our needs. 

b)( ) 

Chair, fnsti1utional Animal 
Care and Use Committee, USUHS 

cc: 
Office of Research 

Doc 90 



USUHS FORM 320. 
ANIMAL STUDY PR0 1POSAL 
PROTOCOLCOVER~S~H~E=ET~· ~~~~---

l
<b)(6) 

PROTOCOLNUMBER: ~· ----------------------------......., 

IACUC Date Stamp 

!PROTOCOL TITLE: Role of nicotine and opioid on stress and anxiety in rats 

GRANT TITLE (if different from above): Individual differences in morphine self~ 
administration and fear/anxiety in rats 

USUHS PAQJ,fCT NUMBER:._l(b)_<6) ___ __ 

FUNDING AGENCY: USUHS 

EAIRLIEST ANTICIPATED FUNDING START DATE: 10 May 2015 

PRINCIPAL INVtESTIGATOR: -r~ I 
l?rlnclpal irwestigalor Signature 

1(6)(6) __ f hD 

PSY j{b)(6) I 
Department Office/Lab Telephone> 

3 . .2.3 . I~ 
Date 

SC~ENTl'FIC REVIEW: This animal use proposal received appropriate peer scienliflc 
rev1iew and is consistent with gooa scientific research practice. 

1gnature 
Chairman 

Title TelephOhe 

3-~ -r--ts 
Date 

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this 
proposal to 1ensure that the number of animals used is appropriate to obtain sufficient 
data and/or is not excessive, and the statistical design is appropriate for the intent of the 

: r1 
, I ~~ ~•c&~pYfi"'" I 

-
fe1el~o~fJ -)~ -i-o-et-e--

Department 

ATTENDING VETERINARIAN: In accordance with the Animal Welfare Regulations, 
the Attending Veterinarian was consulted in the planning of procedures and 
manipulations that may cause more than slight or momentary pain or distress, even if . . . 
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USUHS Form 3206· Anjmal Study Proposal F'orm· Instructions 

USUHS I DOD= SPONSOReo ANIMAL RESEARCH 
PROPOSAlS MUST USE THIS STANDARDIZED FORMAT 

Referetwe DOD Directive 3216, 1 & LJSUHS Instruction 3203 

s,pe~mc lnlorma·tion ·reque$tet1 in rh1 following animal-use protocol template is a 
result of r~q'l11irement,s of the Animal Welfare ,Act regulations (AWAR}1 the Guide 
for t·h@ C3M .find lJ§e of Labaratory Animals, and tither ·tipplicable F11deral 
regulations and DOD directives. 
**********************************************••····································· 

This dooument ris Intended to be an aid in the preparation of a USUHS 000-
sponsored animal use proposal. The instructions and written explanations provided for 
individual paragraphs {ref. animal-use protocol template in AR 40~33 I USUHSINST 
3203, Appendii~ C) are coded as hidden text. To see the instructions and examples for 
eaGh section, select the ''Show/Hide 11" button on your tool bar. To print the hidden text. 
select ''Print'' on the drop down file menu. Under the "Options" button. select ''Hidden 
text" under the "[ncfude wlth document" section. Use of a word proce~sor maKes 
completion of this template a "'fill-in-the-blanKs" exercise. Please provide all response 
en~ries in the following font: Arial, Regular, 12, Black. Please do NOT submit this page 
of instructions with your animal protocol submission. 

With the exception of title headings, each paragraph and subparagraph in the 
iollowing template must have a response. Portions of the template that are not 
apfplicab[e to your particular protocol, (i.e. no surgery or no prolonged restraint) should 
be marked "NIA". There are no space limitations for the responses. 

Pertlnernt standing operating procedures or similar documents that are readlly 
ava1liable to your IACUC may be referenced to assist in the description of specific 
procedures It is critical that only animal studies or procedures documented in an 
IACUC - app1roved protocol be performed at your facility. Additiohally, Principal 
Investigators, or other delegated research personnel, should Keep a<::>eurate 
experimental r1ecords and be able to provide an audit trail of animal expenditures and 
use that correl·ates to their approved protocol. 
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USUHS FORM 320, 
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I. N:ON·TECHNlC~L SYNOPSIS: 

Posttraumatic stress disorder (PTSD) is a debilitating stress-related disorder affecting 
military service members and eivllians in the U.S. Among the individuals with PTSD. the 
rate of substance use is quite high. Approximately 29% of the population is current · 
smokers and 47% have smoked at some time in their life (Lasser et al. 2000). Of those 
with a history of PTSD, 63.3% had smoked daily at some point in their lifetime and 
45.3% were current smokers - rates considerably higher than those with no history of 
PTSD. Also, PTSD patients are more likety to be heavy smokers and relapse to 
smoking tobacco (Fu et al. 2007). These suggest that nicotine dependence is a serious 
problem in individuals with PTSD. In addition to nicotine, opioid drug abuse is a growing 
public health problem in the U.S. , especially because of an increasing number of 
individuals seeking prescription opioids for pain management (Garland et al. 2013). 
Opioid drugs now rank second only to marijuana among all illicit drugs of abuse, 
{Department of Defense 2008). Adverse consequences of opioid misuse can include 
metabolic dysfunction, physical dependence, drug overdose, and suicide. A recent 
report indicated that a large number of active duty service members misused opioid 
pain medications in the past 12 months (Department of Defense 2010). Although 
misuse of addictive substances can affect stress and anxiety responses (Koob and Le 
Moal 2001 ), bio'logical mechanisms of stress and substance use are not well 
understood. Using clinically relevant animal models of stress and substance abuse, we 
willl investigate the interaction between stress and substance use in rats . This topic is 
particularly important for military service members and their long-term behavioral health. 
We believe that our work will provide valuable information relevant to the health of 
service members, in particular, and the general population as well. 

II. BACKGROUND: 

11.1 . Background: 

Posttraumatic streas disorder (PTSO) 
PTSD is a debilitating anxiety disorder that can develop in response to traumatic stress 
eJCposure such as combat or other physical/psychological stress. The estimated lifetime 
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prevalence of trauma exposure is 61 % for men and 51 % for women with men more 
likely to report physical attacks, combat experience, being threatened with a weapon, 
while women likely to report sexual assault, childhood neglect and childhood physical 
abuse (Kessler et al. 1995). It is well established that the exposure to traumatic 
stressors predisposes persons to an increased probability of use of psychoactive and 
addictive drugs (Brown and Wolfe 1994). The use of psychoactive drugs such as 
nicotine, caffeine and opioids continues to be one of the more damaging squeal to 
deployment-associated PTSD in military personnel. However, biological mechanisms 
underlying substance use disorders displayed in individuals with PTSD are not well 
understood, and therapeutic interventions to reduce subsequent drug abuse in 
traumatized personnel are empirical and of uncertain efficacy. 

Stress and nicotine use 
Nicotine use is associated with exposure to traumatic events and PTSD (Feldner et 

al. 2007a). Individuals with PTSD show higher rates of smoking and worse smoking 
cessation outcome. For instance, almost 94% of individuals with PTSD relapsed in the 
first week after quitting in a community sample of daily smokers (Zvolensky et al. 2008). 
Other studies have shown that smokers exposed to a traumatic event who develop 
PTSD tend to smoke more than those exposed to trauma that do not develop PTSD, a 
relationship consistent across age and trauma type (Hapke et al. 2005; Lipschitz et al. 
2003; Shalev et al. 1990). Smoking among trauma-exposed adults has been found to 
range between 32% (Weinbaum et al. 2001) and 58% (Weaver and Etzel 2003). 
Compared to the non-smokers, smokers were more likely to develop posttraumatic 
stress symptoms (Ganz 2000), which is in line with the findings that traumatic event 
exposure facilitates smoking behavior (Feldner et al. 2007b). Although 20% of American 
civilians smoke cigarettes, over 30% of military personnel currently smoke cigarettes 
and even more use smokeless nicotine-containing tobacco products (Bray and Hourani 
2007). Many young never-smokers and occasional smokers become regular smokers 
after military basic training (Haddock et al. 1998), suggesting that the military 
environment (e.g., high stress) may be a factor in smoking initiation. Thus. nicotine 
consumption may be one of the ways to help attenuate the stress of military lifestyle. 

Stress and opioid use 
Prescription opioid pain medication is increasingly used in the military population 

(Holbrook et al. 2010). Iraq and Afghanistan veterans show increasing use of 
prescription opioid pain medications especially those who experienced traumatic injury 
and stress (Barry et al. 2011: Seal et al. 2012). Using a large scale samples from the 
OEF/OIF veteran population (n=141,029), Seal et al (2012} reported that veterans with 
mental health diagnoses, especially PTSD, showed an increased risk of receiving 
opioids for pain, high-risk opioid use and adverse clinical outcomes. Among the opioids, 
morphine is a potent analgesic drug that is used to relieve severe pain. Morphine is a 
highly addictive substance and it can cause and physical and psychological 
dependence as well as tolerance, with an addiction potential identical to that of heroin. 
Not surprisingly, many animal studies have shown that morphine is readily self
administered in rodents including rats (Self and Stein 1993; Yoon et al. 2010) and mice 
(Elmer et al. 2010). Various aspects of drug seeking and taking behavior were studied 
using morphine self-administration paradigm (Elmer et al. 2002; Hall et al. 2011; Kuzmin 
et al. 1996). However, potential effects of stress on morphine seeking behavior have not 

3 



been well characterized . 

Sex differences in stress and substance use 
A growing body of literature described sex differences in stress and substance abuse 
(Bobzean et al. 2014). Females tend to progress through the phase of addiction 
differently than men such as faster transition from casual use to addiction, and higher 
rates of relapse than men. In animal studies, morphine is known to be more powerful 
analgesic in males than in females (Baamonde et al. 1989; Cicero et al. 1996; Craft et 
ail. 1999). Moreover, stress responses in males have been studied in animals and 
humans, and can be described as the "fight-or-flight response" (Cannon 1935; Faraday 
et al. 2005: Mason 1975: Selye 1946; 1973). Males generally become more aggressive 
(fight) or escape the threatening situation (flight) in response to stress. Although stress 
responses in females involve similar biological systems (i.e., the sympathetic branch of 
the autonomic nervous system and the hypothalamic-pituitary-adrenal axis), they also 
exhibit different behavioral responses that have been called the "tend-and-befriend" 
responses (Taylor et al. 2000). When a female experiences stress. the fight-or-flight 
response still occurs but she also increases care for her young and/or seeks social 
interaction. There has been relatively little experimental examination of sex differences 
in stress responses and opioid use. It has been shown that female rats display more 
anxiety- and depression-related behavior after exposure to psychological stress than do 
male rats (Yarnell 2012). The proposed experiments include male and female rats as 
subjects to investigate sex differences in effects of stress and nicotine on opioid use. 

11.2. Literature Search for Duplication: 

11.2.1. Literature Sourca(a) Searched: 
Medline (PubMed), Psyclnfo, F1000Biology (and electronic journal review service), 
BRO, and RePORT 

11.2.2. Otte of Search: March, 2015 

11.2.3. Period of Search: 
All years available on each database (ranging from past year to past 30 years) 

11.2.4. Key Words and Search Strategy: 
Nicotine, chronic nicotine administration. stress. rats, sex differences, locomotor activity, 
neurobehavioral functioning, hot plate, nociception, acoustic startle reflex, pre-pulse 
inhibition, fear conditioning, memory. anxiety, traumatic stress, PTSD, morphine self
administration, morphine, cognition (words are entered separately and in combination: 
rat is entered with each term) have been searched in data base searches. 

11.2.5. Results of Search: 

Nicotine AND morphine AND rat: 242 
Stress AND nicotine AND morphine AND rat: 12 
Stress AND nicotine AND morphine self-administration AND rat: 3 
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• 
There was no study relevant to our proposal among those 3 studies. There has been 
extensive work on stress, nicotine, and opioid including our own work. However, there 
has been little work combining these variables in the ways that we propose (e.g., effects 
stress and nicotine on opioid use). Overall, literature searches on the topics to be 
covered in our experiments indicate the value of our approaches and have not revealed 
existing literature or data that would replicate our experiments. 

Ill. OBJECTIVE\HYPOTHESIS: 

The current proposal focuses on behavioral and cognitive effects of opioid, nicotine and 
stress in male and female rats related to fear, anxiety and drug addiction. The 
overarching aim of this project is to enhance the health of service members under 
stressful conditions by investigating whether nicotine and opioid drugs alter behavioral 
responses to stress. We will study the effects of voluntary use of opioid on fear and 
anxiety behaviors as well as regional glucose utilization in the brain. We will also 
investigate interaction between unpredictable stress and drug exposure (nicotine and 
opioid) in male and female rats. We will use the warrior stress paradigm, which 
combines predator odor stress with unpredictable environmental stimuli. Unpredictable 
stress has face validity in relation to human stress and has been shown to reliably 
produce elevations in stress hormones including corticosterone and corticotropin
releasing hormone (Weinstock et al. 1992) and behavior (Gonzalez Jatuff et al. 1999) in 
rodent studies. 

Specific Aim 1: To determine effects of early and late withdrawal from morphine self
administration (MSA) on anxiety and fear behavior in male and female rats. We will use 
elevated plus maze and acoustic startle as anxiety measures, and Pavlovian fear 
conditioning and extinction as fear behavior following chronic morphine self
administration. We hypothesize that early and late withdrawal from MSA may have 
differential effects on fear and anxiety behaviors. 

Specific Aim 2: To determine effects of morphine self-administration on anti
nociception and tolerance, and regional glucose utilization in brain. We will use a hot 
plate test to measure antinociception and 18FDG-PET for regional glucose uptake in 
brain. We will also investigate individual differences in antinociception, morphine self
administration and locomotor sensitization in males and females. We hypothesize that 
individual differences in morphine antinociception and morphine self-administration may 
be associated with brain glucose utilization. 

Specific Aim 3: To determine effects of chronic nicotine and/or psychological stress 
(Warrior Stress) on morphine self-administration and behavioral sensitization. Animals 
will be exposed to chronic nicotine via minipump and Warrior Stress. and then allowed 
to acquire morphine self-administration for two weeks. Following acquisition of morphine 
self-administration, animals will be tested with dose response function. Locomotor 
sensitization during morphine withdrawal will also be measured. We hypothesize that 
stress exposure may facilitate opioid abuse and nicotine exposure may attenuate opioid 
abuse. 

IV. MILITARY RELEVANCE: 
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There is a high comorbidlty of Pf SD and substance use disorders in the military 
1population (Beckham et al. 2008; Boden et aL 2011; Booth et al. 2011) A substantial 
1number of military veterans and active duty service members relies on Helt and illieft 
subsltances such as caffeine, nicotine, alcohol, opioids and marijuana to alleviate stress 
arnd anxiety symptoms as an active coping strategy (Barry et aL 2011 ; Boden et al. 
2011 ; Seal et al. 2012}. Iraq and Afghanistan veterans with chronic pain and PTSD may 
be at particular high risk of prescription opioids misuse given the high prevalence of 
substance abuse and PTSD among veterans (Mills et al. 2005; Seal et at 2011). The 
outcome of this study will contrilbute to the development of mor;e effective therapeutic 
interventions aimed at preventing or treating a comorbid PTSD and substance use 
disorders in the military population. 

V. MATERIALS ANO METHODS: 

V.1. Experimental Design and General Procedures: To determine the effects of 
stress and nicotine on opioid use. we will use multiple behavioral paradigms as shown 
below. 

1. Drug administration 

Nicotine administration 
Nicotine will be administered chronically via subcuta_n_e_o_tts minb _um , implanted in a 
briief surgical procedure developed by Dr. > to model exposure 
to nicotine comparable to levels achieved y uman c1gare e smo ing. Osmotic 
minipumps are used to provide animals with continuous drug delivery to establish and 
maintain fairly constant concentration of drug for many days without the trauma of 
repeated injections. Minipumps operate because of an osmotic pressure difference 
between a compartment within the pump and the tissue environment in which the pump 
is implanted. Tlhe high osmolality of the salt sleeve causes water to flux into th~ pump 
through a semipermeable membrane, which forms the outer surface of the pump. As 
the water enters the sait sleeve, it compresses the flexible reservoir, displacing the drug 
solution from the pump at a controlled, predetermined rate. This paradigm for 
administering nicotine had produced animals results on body w~jght and eating 
behavior comparable to studies of human smokers (Grunberg 1992). Subjects are 
anesthetized by inhalation anesthetic using LAM anesthetic equipment (vaporizer) and 
lsoflurane and oxygen. Subjects are placed inside an induction chamber saturated with 
lsoflurane vapor (3-5%), Subjects are removea from the chamber when tail pinch 
pmduces no reflex movement and anesthesia is maintained using a mask/nose cone 
attached to the anesthetic vaporizer (1-3%,). A 3 x 5 cm area between the withers is 
shaved and cleaned with the antiseptic Betadine. A 2 cm transverse incision within the 
s!haved region approximately 1 cm below the scapulae is made with blunt-nosed, 
curved-tipped Mayo surgical scissors, a pocket is created by gently spreading the 
subcutaneous tissues with the scissor ttps, and the mini-pump is inserted. Surgical 
instruments are cleaned and sterilized by the glass bead germinator; 70% ethanol and 
ste:rile saline before each procedure and in between animals. Incisions are closed with 
two.three 9 mm stainless steel wound clips, The wound clips are removed in 2 weeks 
after the surgery, This procedure takes approx. 4 min per subject The surgical area is 
thoroughly cleaned before and after procedures. Investigators wear surgical masks, 
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gloves, and laboratory coats or surgical scrubs. The procedures are performed under 
aseptic conditions. 'Subjects will be returned to their Ciige and observed post-surgery 
rurntll they are able 'to demonstrate recovery such as return of righting reflex. or 
,coordinated voluntary movement. They also will be monitored three times a day until 
they have completely recovered from the minor surgical procedures. Nicotine (6 mg/kg 
per day) will be delivered with a rate of 0.5 µI per hour using the Atzet osmotic minipump 
(model 2002, Ourect Corporation, Cupertino. CA). 

Intravenous drng self~administration) 

Apparatus 
Elgtllt operant chambers (Med Associates Inc., St Albans, VT, USA) for drug self
administration are contextually different from the animals' home cage, and located in a 
different roomlrb)(S) I Each chamber is equi"ped with an infusion pump assembly 
consisting of a Razel Model A pump (Stamford, CT, USA) and 10 ml syringe connected 
to a fluid swivel (lnstech1 Plymouth Meeting, PA, USA) by Teflon tubing. Tygon® tubing 
enclosed by a metal spring connected the swivel to the animal's catheter exit port and 
was secured to Teflon threads on the catheter assembly. Each operant chamber 
contains two levers, and either one (Fixed Ratio 1) or five (Fixed Ratio 5) 20 g lever 
press responses on the active lever delivered an i.v. injection of sterile drug solution 
(Sigma/Aldrich, MO, USA) dissolved in 0.9% saline. During each injection. a cue light 
above the active le\tef is illuminated, and the house light is extinguished. Each injecilon 
is followed by an additional ''time-out" (TO) period in which the Gue light is extinguished; 
lever press responses during the entire injection-TO period are recorded but had no 
pr1ogrammed consequences. Response.s on the inactive lever are recorded but had no 
scheduled consequence. A detailed procedure on intravenous dru self-administration 
in rats has been descr,ibed 1previously ( J,(b 

Le\l'er p11ess. training 
Animals are initially trained to press a lever for sucrose pellets in ventilated operant 
chambers unaer restricted diet conditions for two to three days. This procedure will 
facilitate acquisition of drug self~administration training. This procedure requires an 
initial 16-20 hrs of slight food restriction followed by ad lib feeding for a few hrs after 
each test session. Th ls procedure allows transient weight gain overnight, but animals 
return to 90% initial body weight prior to the next test session on the following day. 

Intravenous morphine self .. administration 
After a minimum of 1 week recovery from catheter surgery. animals are placed in 
operant test chambers and allowed to acquire i.v. morphine (0.5 mg/kg/0.1 ml in a 5 s 
injection) self-administration on Of'ile lever press/injection (Fixed Ratio 1: Time Out 20 
sec} reinforcement schedule in a daily 3 to 4 hr self-admini$tration test sessions for 5 
days pe:r week (3 weeks for Aim 1 and 2; 4 weeks for Aim 3). Animals are weighed 
before each self-administration session to adjust drug dosage. We limit the maximum 
amount of drug intalke for morphine (20 mg/kg, iv) across 4 hrs in a single session so 
that there is a very little chance of drug over-dbse during the self-administration. 

2. Stress Paradigm 
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Warri<>r stress 
The Warrior Stress Paradigm combines predator stress with unpredictable 
en-1ironmental stimuli. Predator stress is a non-painful cut effective stressor used in 
rodent modells investigating the effects of stress. Predator stress can be manipulated 
by !Presenting the actual predator or the odors of the predator. Exposure to predator 
stress p1roduces increases in stress hormones (Hayley et aL 2001 ). Exposure to 
[predator stress also produces behavioral changes in rodents inclueHng atfferences in 
food consumptioni e·levated plus maze, startle response, freezing behavior, withdrawal 
behavior, and exploratory behavior (Adamec et al. 2006: Belzung et al. 2001; Endres et 
aL 2005; Masini et al. 2005; Takahashi et al. 2005). Predator stress is presented by 
introducing a cotton ball with commercially available fox urine into a test cage with the 
rat subject. Unpredictable, non-painful stressors include noise, flashing light. and cage 
shaking. Unpredictable stress are included because it is a face-valid model of human 
stress and also has been shown to reliably produced alterations in stress hormones 
(Fride et al. 1986; Weinstock et al. 1992), and behavior (Gonzalez Jatuff et al. 1999) in 
rodent studies. The animals are transferred from their home cage ancl housing room to 
the "st11ess cage" (covered with a Plexiglas lid) to be exposed to the stressors. The 
stress procedure lasts 20 minutes for 5 days. Fox urine (15ml) is placed on a large 
cotton ball and placed in varying spots in the stress cage. A bright florescent overhead 
light remains on during the procedure. Animals will be weighed between each stress 
exposure. 

3. Behavioral measures 

Spornar1eous locomotor activity 
Open field locomotor activity will be measured using an Accuscan Eiectronics Diglscan 
lnfrar,ed photocell system. Animals are placed singly in a 20 x 20 x 30 cm clear Plexiglas 
arena and a Plexiglas lid with multiple ventilation holes placed on top of the arena. Data 
'are aut.eunatically gathered and transmitted to a comput~r operating the Fusion 3.4 
software system for data collection and analyses. The interfaced software measures 
two dozen activay variables, including total distance and horizontal and vertical activity. 
Chambers are cleaned between subjects with Clidox-S base, water, and activator in a 
1:1,8:1 p~epara.tion . The duration o~ l?comotor activity testinWi ls a maximum. of 60 min 
per session. Sixteen open field activity bmces from the orp 6l ~ab wall be used. 

!Elevated plus maze (EPM) 
The EPM is a widely used a measure of anxiety (Hogg 1996: Lister 1987). Rats will be 
1Placed individually on the center platform fat ing a closed arm and allowed to explore 
the maze for 5 min. Behavior will be videotaped via closed circuit TV camera for scoring 
as described previously (Elliott. et al. 2004). Behaviors scored include: percent time 
spent in the open arms [(time spent in open arms/total time) X100], percentage of open 
arms e1ntries ((open arm entries/total arm entries) X100], and percentage of closed arm 
entries [{closed arm entries/total ami entries) X 100). Percent time spent in the open 
arms amt! percentage of open arm entries are chosen to index anxiety because these 
behaviors repeated~y correlate with anxiety (Hogg 1996; Rodgers and Oalvi 1997). 
Video recording and use of data will be in compliance with IACUC Policy #25. 
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rPav1ovic1n fear conditioning 
Sprague.Dawley rats will be placed in a Plexiglas rodent cortditioning chamber with a 
metal grid floor (model E10=10; Coulbourn Instruments, Lehigh Valley, PA, USA), dimly 
illuminated by a single house light, and enclosed within a sound-attenuating chamber 
{model E 10-20). Rats will be divided into two groups. The paired group will be 
presented witll tllree to five pairings of a tone for 20 sec (CS: conditioned stimulus; 5 
kHz, 75 dB) that co-terminates with a foot shock (US: unconditioned stimulus; 0.5 sec, 
0.8 mA). Animals will be weighed between each stress exposure. We will measure 
oontextua~ fear and cued fear extinction in these animals. For contextual fear.. animals 
will oe reihtroduced to the fear conditioning chamber and freezing to the context will be 
measured for 10 minutes. In another session. animals will be placed in a novel chamber 
which is different from the conditioning chamber and the tone (20 sec) will be played 10 
1imes with .a random interval (average interval 2 min). The whole session lasts less than 
30 rminutes a~d freezing behavior to the tone will be measured. These additional 
measures do not cause any pain in the animals because no footshock is involved and 
the animals are tested for previously formed fear memory. 

Acoustic startle reflex {ASR) and pre~pulse inhlbi'tion (PPI) 
The acoustic startle reflex test will be conducted with a Startle Response Acoustic Test 
System (Coulbourn Instruments, Columbus, Ohio, USA). The system consisted of 8 
weight sen·sitive !Platforms in 4 sound~attenuated chambers. All acoustic stimuli will be 
given by a speaker mounted 24 cm .above the test cage. During the testing, rats will be 
ind'ividuaiJly placed in ran animal holder (to gently restrict animal movement) which will be 
then placed on a weight~sensitive platform with in the chamber. A ventilating fan built 
into the ·chamber provided background noise. Following a 3-min acclimation period. 
animals will be exposed to six types of acoustic stimulus trials: 100 dB, 110 d8, 100 dB 
with pre-pulse (68 dB). 110 dB with pre-poise (68 dB). pre~pulse alone and no stimulus. 
Duration for prre-pulse is 100 ms and for pulse (100 and 110 dB) is 20 ms. Each 
stimulus lhas a 2 ms rlse and decay time such that onset and offset are abrupt. a 
primary criterion for startle, A frequency for the tones is 1 kHz as shown in previous 
s~udies (Acri et al. 1995; Manion et al. 2007). The same animals were tested five times 
ana there w,as no sign of hearing impairment in those studies. e.ach trial type will be 
presented eight times. TIFial types will be presented in random order to avoid order 
effects and habituation. Inter-trial intervals range randomly from 15 to 25s and the 
testing lasts approximately 20 minutes as described previousl~{b)(S).(b )(a) I 
Hot plate test 
Hot plate response measures supraspinal nociceptive responses (Berry et al. 2007; 
Ding et al. 2005). The lhot plate task will be performed with an Omnitech/Accuscan 
Electronics Analgesia Monitor (Model HPrx). Subjects are placed on a 26 x 26 cm 
square hot plate platform, enclosed on all sides by Plexiglas walls aind covered with a 
removable Plexiglas tap. The metal plate heated to 51°C (a temperature that will elicit a 
nociceptive response without tissue damage). Hotplate latencies are measured as the 
time from placement o:n the heated surface until the animal raised and licked a rear 
paw. To p:reve.nt tissue damage, a maximum iatency of 60 sec is allowed. Animals that 
do not llick ltheir paws at all during the 60asec period are removed from the heated 
suriface. The platform is cleaned between subjects. The total number of tests is no more 
than 8 with a minimum of 2 days of break betlNeen each test. 
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Tail flick test 
A recent study showed that the effects of opioid drugs on anti-nociception measured by 
the h·ot plate and the tail flick methods are different in rats (South et al. 2009). The tail 
flick method is one of the most commonly used models to measure analgesic responses 
1in rodent.s (Cecchi et aL 2008; Hardy et al. 1957}, Animals will be placed and gently 
rrestrained (by hand ·on the test platform (Tail-Flick Analgesia meter, Columbus 
lnstrumen~) and the lower one=third of the tail will be placed on top of the small hole 
which gradually increases thermal radiation. When the animal flicks its tail, both the heat 
source and timer are stopped automatically. The average tail withdrawal time is 
supposed to be between 5 and 10 seconds and the maximum exposure time will be 20 
seconds to prevent potential tissue damage. The total number of tests is no more than 8 
with a minimum of 2 days of break between each test. We will try to use the hot plate 
~es~ as a first clhoice and if some animals don't respond very well, we will switch to the 
tail flick test as an alternative way of measuring nociception in rats. 

Oral stereotypy 
lmmed~ately following MSA. animals will be observed in their home cages for 30 min. 
The frequenc:y of stereotypic behaviors will be recorded. For example, stereotypic self 
biting (bi'ting of tail or digits) and biting other objects (bedding, cage. cage bars) wm be 
recorded. The other behaviors, rearing (standing on hind legs), grooming (cleaning 
behavior), ~ocotnotion (walking from one side of the cage to another), catalepsy 
{immobile with eyes open), sleep (immobile with eyes closed and lying down), inactivity 
(Immobile but not cataleptic). will be recorded as described previously (Wennemer and 
IKornets'ky '1999). 

Locomotor activ1ity with morphine administration 
11..ocomotor aclivit~ will ~su~ed using an Ac~uscan ~lectronics Di~isca~ infrared 
photocell system 1n the~ins1de the LAM. Animals will be placed singly 1n a 20 x 20 
x 30 cm clear Plex,iglas arena and a Plexiglas lid with multiple ventilation holes placed 
on top of the arena. Animals will be habituated to the boxes for 60 minutes as a 
baseline. Following MSA, locomotor activity will be monitored for 60 minutes. During 
mo:rphine wit1hdrawal, animals will be tested with either intravenous (0. 0.5 and 2 mg/kg) 
or su'bcutan·eous (0, 1, and 5 mglkg) morphine in a single session. Animals will be 
habituated to the open field activity boxes (60 min), ascending doses of morphine will be. 
injected with 60 min interval and locomotor activity Will be monitored continuously. 

Mor.phine withdrawal signs 
Quantifying withdrawal signs will provide information about an organism's level of 
addiction and dependence to drug. Animals will be observed in either a home cage or a 
clean [Plexiglass cage for 30 rnirL Withdrawal signs include -ptosis, piloerection. mouth 
and teeth chattering, abnormal grooming, jumping, chewing/biting. stereotypy, wet dog 
shake, and locomotor activity (hor1izontal and vertical) as reported previously (Guitart et 
al. 1992; Guitart ,et aL 1993; Malin et al. 1992; O'Dell et aL 2004; Plnelli and Trivulzio 
1997; Rasmussen et al. 1990; Stephens and Riley 2009). Each episode will be counted 
as one occurrence or symptom. This procedure does not cause any· stress. or pain in the 
animals. 
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• 18FDG 1JPET/1JCT imaging 
The imaging will be conducted in accordance with the approved IACUC animal imaging 
SOP# 3 from the Translational Imaging Facility (CNRM). The animal will be 
anesthetized with 3% isoflurane/oxygen mixture. FOG will be administered via an i.v. 
catheter or a tail vein at less than 5 ml/kg. After FOG injection, the animal will either be 
placed back to its cages awake or placed on a heated surface and maintained under 
anesthesia during 45-60 minutes of FOG uptake period. After the uptake period, the 
anesthetized rat will be transferred to a special rodent holder (m2m Imaging) with an 
integrated 'flow through' nosecone and active waste gas removal via the facility 
vacuum. A 45-60 minute µPET acquisition will be conducted with anesthesia maintained 
and animals continuously monitored for signs of movement or changes in respiration. A 
rectal probe will be used to monitor body temperature. A 5 min µCT scan will also be 
performed. The bed automatically translates the animal from the µPET to the µCT 
without disturbing the rodent or anesthesia. After the imaging, anesthesia will be halted, 
the animal placed on a heating pad, and recovery monitored. The rodent will be 
returned to its cage, which will be labeled with the following information: injection time, 
activity amount, volume injected, on-cage survey results and time of survey and free 
release time. This procedure will be conducted by the trained personnel at the TIF and 
is considered as a pain category C. 

Specific Aim 1: To determine effects of early and late withdrawal from morphine self
administration (MSA) on anxiety and fear behavior in male and female rats. We will use 
elevated plus maze and acoustic startle as anxiety measures, and Pavlovian fear 
conditioning and extinction as fear behavior following chronic morphine self
administration. We hypothesize that early and late withdrawal from MSA may have 
differential effects on fear and anxiety behaviors. 

Experiment 1: Effects of early withdrawal from morphine self-administration on anxiety 
and fear behavior. 

Following one-week recovery from the catheter surgery, rats will be tested on baseline 
open field activity (OF A) for 60 min in the morning and tested with ASR for 20 min in the 
afternoon. Next day, animals will be trained to self-administer intravenous morphine (0.5 
mg/kg/infusion) in the operant conditioning chambers (5 days per week) for three 
weeks. OFA will be measured immediately after MSA on day 5, 10 and 15 to monitor 
drug-induced locomotor activity. During spontaneous withdrawal from morphine, 
animals will be tested on the EPM for anxiety behavior (withdrawal day 2) and fear 
conditioning for fear memory (withdrawal day 3-5). 

Timeline 

Animals arrive and acclimate to USUHS Animal Facility (LAM) (1 week) 
l 

Lever press training in operant conditioning chambers (2-3 days) 

J 
Catheter surgery (1 day) 

J 
Recovery (1 week) 
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! 
Baseline OFA 60 min and ASR 20 min (1 day) 

Morphine self-administration (5 days/week, 3 weeks) 
OFA (day 5, 10 and 15)-60 min each 

! 
OFA 60 min and ASR 20 min (withdrawal day 1) 

4 
EPM 5 min (withdrawal day 2) 

! 
Fear conditioning 20 min (withdrawal day 3) 
Context test 10 min (withdrawal day 4) 
Cue test 25 min (withdrawal day 5) 

! 
Euthanasia 

SeK Self-admin Behavioral Pain 
meas urn c.teaotY 

Mai. Saline OF NASR E 
EPM 
FearCond 

Male Morphine OF NASR E 
EPM 
Fear Cond 

Femali. Sahne OF NASR E 
EPM 
Fear Cond 

Female Morph int OF NASR E 
EPM 
Fea<COn<.I 

12 

12 

12 

12 

N 

E><periment 2: Effects of late withdrawal from morphine self-administration on anxiety 
and fear behaviors. 

Following one-week recovery from the catheter surgery, rats will be tested on baseline 
open field activity (OFA) for 60 min in the morning and tested with ASR and PPI for 20 
min in the afternoon. Next day, animals will be trained to self-administer intravenous 
morphine {0.5 mg/kg/infusion) in the operant conditioning chambers (5 days per week) 
for three weeks. OFA will be measured immediately after MSA on day 5. 10 and 15 to 
monitor drug-induced activity. During late withdrawal from chronic MSA {between 1 and 
2 weeks}, animals will be tested on the EPM for an><iety behavior and fear conditioning 
and memory test for fear memory. 

Timeline 

Animals arrive and acclimate to USUHS Animal Facility (LAM) (1 week) 
i 

Lever press training in operant conditioning chambers (2-3 days) 
l 

Catheter surgery (1 day} 
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i 
Recovery (1 week) 

l 

• 
Basellne OFA 60 min and ASR 20 min (1 day) 

Morphine self-administration (5 days/week, 3 weeks) 
OFA (day 5, 10 and 15) - 60 min each 

l 
OFA 60 min and ASR 20 min (withdrawal day 7) 

l 
EPM 5 min (withdrawal day 8) 

L 
Fear conditioning 20 min (withdrawal day 9) 
Context test 10 min (withdrawal day 10) 
Cue test 25 min (withdrawal day 11) 

l 
Euthanasia 

Sex 

Male 

Male 

Female 

Female 

Self.ad min 

Saline 

Morph me 

Saline 

Morphine 

Benav1or 

OFA E 
ASR 
EPM 
Fear Cond 
OFA E 
ASR 
EPM 
FearCond 
OFA E 
ASR 
EPM 
FearCond 
OFA E 
ASR 
EPM 
FearCond 

Pam 
cateaory 

12 

12 

12 

12 

N 

Specific Aim 2: To determine effects of morphine self-administration on anti
nociception and tolerance, and regional glucose utilization in brain. We will use a hot 
plate test to measure antinociception and 18FDG-PET for regional glucose uptake in 
brain. We will also investigate individual differences in antinociception, morphine self
administration and locomotor sensitization in males and females. We hypothesize that 
individual differences in morphine antinociception and morphine self-administration may 
be associated with brain glucose utilization. 

Experiment: Effects of morphine self-administration on anti-nociception and regional 
glucose uptake in the brain. 

Following one-week recovery from catheter surgery, animals will be tested on baseline 
OFA (morning) and nociception (afternoon) in one day. Next day, a baseline brain 
glucose uptake will be measured with 18FDG-PET fCT. Animals will be trained to self
administer intravenous morphine (0.5 mg/kg/infusion) in operant conditioning chambers 
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(5 days per week) for 3 weeks. Anti·nociception will be measured in MSA day 1, 3, 5, 
and withdrawal day 1. OFA will be measured in day 5, 10 and 15 of self -administration, 
and in withdrawal day 1. Animals will be scanned with 18FDG-PET/CT (second scan) in 
withdrawal day 2. One week later. the animals will be tested with morphine challenge (1 
mg/kg) and scanned with 18F DG-PET /CT for the third time. 

Time line 

Animals arrive and acclimate to USUHS Animal Facility (LAM) (1 week) 
.l 

Lever press training (2-3 days) 
! 

Catheter surgery ( 1 day) 
l 

Recovery (1 week) 
.l 

Baseline OFA 60 min and hotplate test 1 min (1 day) 
! 

Baseline FOG-PET scan 1 hr (1 day) 
! 

Morphine self-administration (5 days/week, 3 weeks} 
OFA (day 5, 10 and 15) -60 min each 
Hotplate test (day 1, 3, 5) - 1 min each 

! 
OFA 60 min and hotplate 1 min (withdrawal day 1) 

J 
FOO-PET scan (withdrawal day 2) 

J 
Morphine challenge (1 mg/kg) and FOG-PET scan (withdrawal day 9) 

J 
Euthanasia 

Sex Se1f-adm1n Bel'la111ora1 81a1n Pain e;11tegory N 
mta•urH measurft 

Mele Sallne OFA FOG-PET 0 12 
Hotplate 

Male Morphine OFA FOG-PET 0 12 
Hotplete 

Female Saline OFA FOG-PET 0 12 
Hotplate 

Female Morphine OFA FOG-PET 0 12 
Hotplate 

Specific Aim 3: To determine effects of chronic nicotine and/or psychological stress 
(Warrior Stress) on morphine self-administration and behavioral sensitization. Animals 
will be exposed to chronic nicotine via minipump and Warrior Stress. and then allowed 
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to acquire morphine self-administration for two weeks. Following acquisition of morphine 
self-administration, animals will be tested with dose response function. Locomotor 
sensitization during morphine withdrawal will also be measured. We hypothesize that 
stress exposure may facilitate opioid abuse and nicotine exposure may attenuate opioid 
abuse. 

Experiment: Effects of nicotine and stress on morphine self-administration and 
behavioral sensitization. 

Following one week of acclimation in the housing room (a reversed light/dark cycle), 
each animal will be implanted with osmotic minipump to deliver chronic nicotine (6 
mg/kg/day, s.c.). During the second-week period of nicotine administration, animals will 
be exposed to Warrior Stress (20 min a day) for 7 days and OFA behavior will be 
measured. After three weeks of nicotine exposure, minipump will be removed and 
catheter will be implanted in the jugular vein in a single surgery. Following 1 week of 
recovery from catheter surgery. animals will be allowed to self-administer intravenous 
morphine {0.5 mg/kg/infusion, FR1) in operant conditioning chambers (3 hr/day, 5 days 
per week) for 2 weeks. Upon stabilization of morphine self-administration, animals will 
be tested with a dose-response function (0, 0.1, 0.3, 0.5 and 1 mg/kg/infusion, i.v.) for 2 
weeks. Following 1-week withdrawal from MSA, animals will be tested with morphine 
challenge (0, 0.5 and 2 mg/kg) to measure locomotor sensitization. 

Timeline 

Animals arrive and acclimate to USUHS Animal Facility (LAM) (1 week) 

l 
Baseline OFA 60 min and ASR 20 min (1 day) 

Osmotic nicotine mini-pump implantation for 10 min (3 weeks) 

! 
Warrior stress 20 min/day (7 days) 

Behavioral measures - OFA and ASR (day 7) 

l 
Mini-pump removal and catheter surgery (1 day) 

l 
Recovery (1 week) 

! 
Baseline OFA 60 min and ASR 20 min (1 day) 

l 
Acquisition of morphine self-administration (5 days/week, 2 weeks) 

OFA (day 5, 10)-60 min each 
l 

Morphine dose response test (5 days/week, 2 weeks) 
l 

Locomotor sensitization test with morphine (0, 0.5, 2 mg/kg) (1 day) 
l 

Euthanasia 
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Sex Warner Stress Nicotine Behavior Pain category N 
mini-pump 

Male No No OFA 0 12 
ASR 

Male No Yes OFA D 12 
ASR 

Male Yes No OFA E 12 
ASR 

Mal& Yes YH OFA E 12 
ASR 

Female No No OFA D 12 
ASR 

Female No Yo& OFA 0 12 
ASR 

Female Yes No OFA E 12 
ASR 

Female Yes Yes OFA E 12 
ASR 

Eimtdm1utta Ltnrleoln-
lf signs of moltildlity are observed over the course of the, experiments, the veterinarian is 
notified and, if necessary. rats are excluded from the study and eutnaniz:ed. Signs for 
judging morbidity include rapid breathing; shallow. labored breathing; weight loss (more 
than 10% of body weight not regained within 48 hr, continuous body weight loss over 5 
days of more than 5 g per day), ruffled fur (rough hair coat), hunched posture. 
hypothermia or hypertherrnia. ulceration dermatitis or infected tumors, diarrhea, 
impaired ambulation, evidence of muscle atrophy or other signs of emaciation, bleeding. 
or inability to remain upright. In cases of body weight loss. supplemental soft and 
sweetened food is provided, and if necessary drug self-administration Is withheld until 
the animal recovers. 

V.2. Data Analysis: 
The number 1of rats is determined by the number of experimental groups needed 

for a clear interpretation of the behavioral and neurobiological data, Intravenous drug 
self-administration is a highly regulatea and conditioned behavior in rats. Based on our 
experience, 12 animals per group allows for a sufficient statistical power to detect group 
~iffic~nces in drug self-administration behavior as described previous1yf6.__>l5_!._(6}_C4_> ___ _. 

(1 J(S'j.( )LJ ] We also performed a power calculation using R statistical 
language (http :/fwww. r~project.ora/). We expect moderate to large effect sizes (0.5) for 
behavio·ral measures to drugs based on the previous studies (Choi et al. 2006; Self et 
al. 1994 ). Therefore, an effeC1 size [0.5)1 high power (0.80). anti alpha level of 0. 05 with 
a two-'sided test requires a ltotal of 12 animals per group. The data will be analyzed by 
parametric or non-parametric tests witti repeated measures as appropriate. Tukey HSD 
post tioc tests or Dunnett's twill be used to compare differences between the groups. 
All analyses wi11 be two-tailed with alpha= 0.05. Statistical analyses will be conducted 
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rusing software such as the Prism (GraphPad, San Diego, CA, USA), the Statlstical 
Package for the Soeial Se1enees (SPSS, Chicago, IL. USA). and the R statistical 
language (http://www.r-projectorg/). 

V.3. 'Laboratory Animals Required and Justification: 

V.3.1. Non-animal Alternatives. Considered: 
This study will require the use of Intact ilving anlmals. Behavioral measurements. such 
as self~adm~nistration of drug, stress and anxiety responses, addiction behavior cannot 
be obseiv.ed on cells ·grown in culture or on a computer simulation. Non-animal 
alternatives such as computer modeling and cell cultures were considered but are not 
suitable to assess behaviors in organisms because there currently are no non-animal 
altema1tives that provide information about effects of stress, drug and behavior in living 
organisms. !Due to ethical ccmsiderations, the proposed studies cannot be done with 
human suojects. 

V.3.2. ~nlmaLM_odeLand Species J_us_tificaticm: 
Rats will be used in behavioral paradigms that model stress, anxiety and substance abuse 
in humans, !Rats are amendable to pharmacological manipulations needed to study the 
biological mechanisms involved in stress and substance abuse. The experimental nature of 
the wor'k necessitates the use of model organisms rather than human subjects. However, 
results frrom our laboratory studies complement data obtained from human clinics and 
expetrirnents, We will continually evaluate our approaches and adapt experiments for in 
'litro 1or computer models whenever possible, 

Species #1 SRectes #2 
V.3.3.1. Gen us & Species: Rattus norvegicus 

V.3.,3;2. $'.train/Stock: Sprague-Dawley 

V.3.3.3. SourceNendor; r(4) 

V.3.3.4. Age: Adult (about 55 days) 

V.3.3.5. Weight; Adult males (about 250 
grams); adult females 
(about 170 grams) 

V.3.3.6. Sex; Mtile and Female 

v .3.3.7. S:ge.c.ia~ Consideratio,n$: N/A 

V.3.4. ;Nu_mbor of Animals Required (by Specios)~ 280 

.Sutbjetts. Subjects are male and female Sprague-Dawley rats, the most commonly 
used laboratory rats in v.arious studies. including investigations of stress and drug 
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effects. Sprague-Dawley albino rats are considered to be the standard test rat for 
nicotine and stress experiments. Adult animals are approximately 55 days old upon 
arrival and in consultation with the breeder. 

V .3.3. Laboratory Animals 

Please note: Each experiment will be run as a series of smaller sub-experiments for 
logistical reasons: 
Experiment 1 = 96 rats (plus 16 additional rats) = 112 rats 
Experiment 2 = 48 rats (plus 8 additional rats) = 56 rats 
Experiment 3 = 96 rats (plus 16 additional rats)= 112 rats 

Additional animals are necessary due to loss of catheter patency in some animals 
before the end of the study and training students on surgery and other procedures. 

V .3.5. Refinement. Reduction, Replacement (3 Ra): 

V .3.5.1. Refinement: Animals will be monitored on a daily basis and be given pain 
medication and antibiotic if any sign of pain or distress occurs. In order to reduce stress 
and anxiety, animals will be acclimated to the facility for 1 week upon arrival. If there are 
any indications of pain or distress, then the LAM staff will be consulted. With regard to 
logistical and technical refinements, many of the behavioral assessments use 
automated equipment interfaced with computers to allow for the collection of multiple 
parameters simultaneously. The use of sophisticated software and computerized 
technologies allows us to collect fine-grained and complete data sets for every animal 
included in the experiment, eliminating the need for additional studies that might 
otherwise have been necessary. 

V.3.5.2. Reduction: 
The sample sizes for the proposed work were derived from power analyses of pilot data 
and past work in our laboratory and in other laboratories. These sample sizes, 
therefore, constitute the minimum number of animals necessary to obtain meaningful 
results and represent a useful application of knowledge of statistical effect size and the 
concept of power. In addition. in each experiment, multiple dependent variables are 
measured. Measurement of many variables in the same animals markedly reduces the 
total number of experiments conducted. 

V .3.5.3. Replacement: This study requires the use of intact living animals; behavioral 
measurements cannot be made on cells grown in culture or with computer models. Thus, it 
is not possible to replace or eliminate the use of animals in the proposed study. 

V.4. Technical Methods: 
V.4.1. Pain I Distress Assessment: 
Animals will be anesthetized during implantation of mini-pumps or catheters. Animals 
will be observed daily by investigators and by LAM staff to check health and well-being 
and to insure that there is no undue pain or distress based on behaviors and 
vocalizations. Any indications of pain or distress will be dealt with by alleviating the 
cause of the problem and/or by contacting LAM personnel for assistance and guidance 
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V .4.1.1. APHIS Form 7023 Information: 

V.4.1.1.1. Number of Animals: 

V.4.1.1.1.1. Column C: 

V.4.1.1.1.2. Column D: 

V.4.1.1.1.3. Column E: 

Species #1 

112 

168 

Species #2 

The number of animals listed in Column E is based on the premise that these animals 
are exposed to fear conditioning experiment which requires exposing animals to mild 
and brief footshock (0.8 mA in 0.5 sec) three to five times or distress from the Warrior 
Stress paradigm. The pain and distress resulting from footshock during the fear 
conditioning are momentary and do not cause any physical injury to the tissue of 
animals. 

V.4.1.2. Pain Relief I Prevention: 

V .4.1.2.1. Anesthesia/Analaesia/Tranquilization: 
For nicotine minipump implantation, subjects are first anesthetized by inhalation 

anesthetic to prevent pain. lsoflurane is mixed with oxygen (3-5% lsoflurane; with an 
oxygen flow rate of 0.5-1.0 liters/minute). Subjects are placed inside an induction 
chamber saturated with lsoflurane vapor. Subjects are removed from the chamber when 
tail pinch produces no reflex movement and anesthesia is maintained using a 
mask/nose cone attached to the anesthetic vaporizer (with lsoflurane concentration 
ranging from 1-3% to maintain appropriate depth of anesthesia). Animals receive 
buprenorphine (0.01-0.05 mg/kg i.v.) once every 12 hrs for next 48 hrs. 

For Lv. catheter surgery, subjects are briefly anesthetized by inhalation anesthetic 
isoflurane mixed with oxygen (i.e., 3-5% lsoflurane; with an oxygen flow rate of 0.5-1.0 
liters/minute) inside an induction chamber. Subjects will receive an injection of either 
sodium pentobarbital (40-50 mg/kg, i.p.) or ketamine/xylazine (40-80 mg/kg ketamine 
and 5-10 mg/kg xylazine, i.p.). For sodium pentobarbital injection, rats will also receive 
atropine sulfate (0.04 mg/kg, s.c.) to reduce pulmonary congestion and facilitate 
breathing. Animals receive buprenorphine (0.01-0.05 mg/kg i.v.) once every 12 hrs for 
next 48 hrs. Catheter patency will be verified by infusion of a sodium methohexital 
(Anesthetic, 7-15 mg/kg, i.v.) solution. Patency is indicated by a brief (about 1 minute) 
but rapid anesthesia. Using these procedures, catheter life averages about 8-10 weeks 
for rats. 

V.4.1.2.2. Pre- and Post-procedural (not surgery) Provisions: Animals will be 
acclimated for 1 week to the USUHS LAM. During acclimation to LAM, animals will be 
handled briefly and weighed to acclimate them to being handled. This will reduce any 
stress that might result from handling of the animals during the procedures described in 
this study. The non~surgical procedure that may induce momentary discomfort (e.g., hot 
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plate test and tail flick test of nociceptive re~ponses) is included for scientific purposes 
and is shsrt in duration (less than 60 sec for hot i;>late and less than 20 sec for ta1il flick) . 
Animals are observed daily by investigators and by LAM staff to check on their health 
and well-being and to assure that there is no undue pain or distress. Animals also are 
earef'ully monitored during behavioral testing proeedures. In addition. animals are 
c~osely monitored during all procedures that involve any pain or potential distress (e.g., 
during and after surgery; during and after stress exposure). Pain/distress is assessed 
based on 1behavlors and vocalizations. Any indications of pain or distress are dealt with 
by alleviating the cause of the problem or by contacting LAM personnel for assistance 
and guidance. 

V.4.1.2.3. Paral'Jti~~: N/A 

V.4.1.3. Literature Seilreh for Alternat~ves to P·ainful or IJistressftil Procedures: 

V.4.1 .. 3.1. Sou_rc_es Searched: Medline (PubMed), Psyclnfo, F1000Biology, 
AGRIJCOLA 

V.4.1.3.2. Date .of Search: March, 2015 

V.4.1.3.3. Period of Search: All years available on each database are se.arched (from 
reoent work up to 30 years in the past). 

V.4.1.3,4. Key Words of Search: 
osmotic minipumps, intravenous catheters, minipump Implantation, catheter surgery, 
chronic self=administration, foot shock, pain, alternatives, analgesia, surgery, aoest1ilesia:, 
acute drug administration, rat (these words are searched in various combinations) 

V.4.1.3.5. R.e_s_uJts-'-oLS1a.tc_h: No alternatives to the minipump and the catheter 
implantation 1Procedutes have been found. No alternatives to the nociception prrocedures 
have been found. No milder alternative for the stress manipulation has been found, No 
alternatives are available to avoid using live animals for the assessment of effects of· stress. 
opioid, and nicotine in intact rats and the procedures that are followed. 

V.4.1.4. UnaJleviated Pa_inful or Distressful Procedure JustificatJon: 

Animals in specific aim 1 are exposed to fear conditioning experiment to study fear 
behavior. This experiment requires e><posing animals to mild and brief iootshock (0.8 
mA in 0.5 sec) three to five times. The pain and distress resulting from these shocks 
dur.ing the fear conditioning are momentary and do not cause any physical injury to the 
tissue of animals. 

V.4.2. Prolonged Restraint: N/A 

V.4.3. Su(ger.v: 

V.4.3.1. Pre-surg'ital Provisions: 
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All ~urgeries will be performed in the LAM facility by thE~~Lab and the· 
l(b)(s) 1".ab and in consultation with LAM staff to insure proper preparation and 
safeguards. Implantation of osmotic minipumps and catheters uses aseptic technique. 
For the minipump, subjects will be anesthetized by inhalation anesthetic LAM 
equipment (vaporizer) and lsoflurane mixed with oxygen. Subjects will be placed inside 
an induction chamber saturated (at 3-5%) with lsoflurane vapor. Subjects will be 
removed from the chamber when tail pinch produces no reflex movement and 
anesthesia will be maintained (at 1~3%) using a masklnose cone attached to the 
anesthetic vaporizer. 

V.4.3.2. Procedyre: 

Minipump implantation 
Subjects are anesthetized by inhalation anesthetic using LAM anesthetic equipment 
(vaporizer) and lsoflurane and oxygen. Subjects are placed inside an induction 
chamber saturated with lsoflurane vapor. Subjects are removed from the chamber 
when tail pinch produces no reflex movement and anesthesia is maintained using a 
mask/nose cone attached to the anesthetic vaporizer. A 3 x 5 cm area between the 
withers is shaved and cleaned with the antiseptic Betadine. A 2 cm transverse incision 
within the shaved region approximately 1 cm below the scapulae is made with blunt
nosed, curved-tipped Mayo surgical scissors, a pocket is created by gently spreading 
the subcutaneous tissues with the scissor tips, and the minipump is inserted. Incisions 
are closed with two-three 9 mm stainless steel wound clips. This procedure takes 
approx. 4 min per subject. The surgical area is thoroughly cleaned before and after 
procedures. Investigators wear surgical masks, gloves, and laboratory coats or surgical 
scrubs. The procedures are performed under aseptic conditions. 

Intravenous catheter implantation 
All surgery will be performed under aseptic conditions in a clean area Each surgery will 
be done on a separate, c lean and autoclaved sheet of Whitman Benchkote paper. 
Surgical instruments are sterilized in a glass bead sterilizer and cleaned/sterilized 
between successive surgeries. Sterile gloves are used for each rat's surgery and 
instruments are sterilized before each rat's surgery. Rats are anesthetized with sodium 
pentobarbital (40-50 mg/kg, i.p.) or ketamine/xylazine (40-80 mg/kg ketamine, 5-1 O 
mg/kg xylazine, i.p.). Injection volume is 1 ml/kg for both drugs. Surgery starts after the 
rat fails to show the withdrawal reflex after pinching the rear toe (a procedure that is 
repeated several times during the surgery to ensure full anesthesia level) . 
Supplemental anesthetic dose (0.1 -0.4 ml) may be given as needed. Intravenous 
silastic catheter is implanted into the right jugular vein and attached to either the head or 
the back of the animal. Two incisions are made, one on the back (2.5 cm), and one on 
the neck (1 cm). The jugular vein is isolated by teasing apart fatty tissue above the vein 
with small scissor tips, just above where the vein passes over the clavicle. After 
isolation, the vein is punctured with a needle (22 gauge) and the sterile Silastic catheter 
is inserted to the level of the sinus vena cava just outside the right atrium. The entry 
point of the catheter is secured in place with a 0.5 cm x 0.5 cm mersilene surgical mesh 
secured to the catheter. The remaining catheter is pulled from the neck area 
subcutaneously to the back incision. Then the catheter exits via premade 22-gauge 
stainless steel tubing cemented into place with bell shaped dental cement and the bell 
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base (abol!Jt 0.8 cm diameter) cemeinted to a 1.5 x 1.5 cm Marlex surgical mesh 
comprising the back mount. The incision is closed using three stainless steel wound 
dips and treated wilh topical antibiotic Neosporin ointment (Swabbed To Back Mounted 
Catheter Exit Area). Animals receive antibiotic gentamycin suifate (5-8 mgfkg, iv) after 
the surgery. Gentamycin is also included ih sterile saline solution that we use to flush 
catheter to maintain the 1Patency. Animals receive buprenorphine (0.01-0.05 mg/Kg i.v.) 
once every 12 hrs for next 48 hrs. 

V.4.'3.3. ,Post-surgical Provisions,: 
Dur1ing retovery (atmut 30~60 min), the rats are placed in a cage that is Kept warm 

by a heating pad (located under the cage) or under the heating lamp to prevent 
hypothermia. The investigators are r;esponsible for post-operative care. The post
operative care includes continuously monitoring the rats until they are fully awake and 
the animalls' health will be monitored and recorded in the animal's, medical record for at 
least 3 clays after surgery or until the animal appears normal. The. surgery log will be 
kept in a drawer in the surgery room. If pain or distress such as difficulty in breathing 
and hypothermia is observed at any time rats will be treated with buprenorphine (0.01-
0,05 lfng/kg s.c.). After the IV cathete.r surgery, rats are indhtlduatly housed in the animal 
facility for 5-7 clays. During this time ~eriod , the rats are handled and the catheters are 
fl:ushed daily with 0.2 ml of heparinized (20 U/ml); bacteriostatic saline containing 
gentamycin sulfate (0.33 mgiml, i.v.) as described previousM(b)(6),(6)(4) I 

Catheter patency will be verified by infusion of a sodium methohexital {Anesthetic, 7-
15 mg/~g. i.v.) isOIUtlon. Patency is indicated by a brief (about 1 minute) bl.It rapid 
anesthesia, Using these procedures, catheter li"fe averages about 6- 8 weeks for rats. 
Mo:st catheters are lost due to the growth CJf the venous wall around the catheter tip, 
When catheters are no longer patent, animals are either sacrificed as described below, 
or the original catheter is removed arid another one implanted in the left jugular vein. 
We have observed no significant weight loss or obvious physical impairment to the 
animals due to one or two consecutive catheter implantations. 

V.-4.3.4. Lo:catJQn: Surgeries to implant the minipumps will be conducted in the LAM 
facili . Behavioral measures will be conducted in the laboratories assigned to Ors. 

6 in the LAM an~(b)(S) ~t USUHS. 

V.4.3.5. Stn:ge,on~ Pl and all co-investigators and technicians 

V.4.3.6. Multiple Maior Survival Operative Procedures-; NIA 

V.4;3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific: Justification: NIA 

V.4.4. Animal Manipulations: 

V.4.4.1. Injections: The drugs will be delivered by intraperitoneal (i.p.) or 
subcutaneous (s,c.) injection (1ml lateli free syringe wl 27GY:i needle. B·D. Franklin 
Lakes, NJ).. Injection volume will be adjusted based on body weight and no more than 1 
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ml/kg for i.p. and 2 mlfkg for s.c. administration. For intravenous administration, each 
bolus infusion volume will be less than 0.5 ml. 

Sodium pentobarbital (40 - 50 mg/kg, i.p.) 
Atropine sulfate (0.04 mg/kg, s.c.) 
Buprenorphine (0.01 - 0.05 mg/kg i.v.) 
Nicotine (0.5 - 6 mg/kg, s.c.) 
Morphine (0.5 - 2 mg/kg, i.v.) & (1 - 5 mg/kg, s.c.) 
Ketamine/xylazine (40 - BO mg/kg ketamine. 5 - 10 mg/kg xylazine, i.p.) 
Gentamycin sulfate (5 - 8 mg/kg, i.v.) 
Sodium methohexital (7 - 15 mg/kg, i.v.) 
Chloral hydrate (400 mg/kg, i.p.) 

V.4.4.2. Bioaamplu: 

Blood sampling from Indwelling i.v. catheters 
Animals have indwelling catheters implanted to the jugular vein and self-administer 
intravenous morphine on a daily basis. We maintain the catheter patency during the 
entire period of the study. We will draw a small volume of blood from the catheter for 
biochemical assays. For the volume of blood and the frequency of blood drawing, we 
will follow the NIH guidelines 
(http://oacu .od .nih.govf ARAC/documents/Rodent Bleed ing.pdf) and published 
references (Evans 1994). For a 300 gram rat. approximately 1% of circulating blood 
volume (0.2 ml) can be safely drawn every 24 hrs according to the guidelines. We will 
draw 1 % of circulating blood volume from each animal with a minimum of 2-day break 
between drawings. Each animal is gently held and catheter is flushed with 0.3 ml of 
heparinized saline. This is the same procedure to maintain catheter patency in animals. 
One cc syringe is connected to the catheter and 1 % circulating blood volume (e.g. 0.2 
cc in 300 g rat) is slowly drawn. The whole procedure takes less than 5 min and animal 
is returned to its home cage. This procedure does not cause any pain or distress in 
animals and they show normal weight gain after the procedure. Previous study also 
reported that the same procedure does not cause any pain or stress in rats 
(Thrivikraman et al. 2002). There is no anesthesia required for this procedure. Blood 
samples will be collected at baseline, during morphine self-administration and during 
spontaneous withdrawal. Total number of sample collection will not exceed 10. At the 
end of the experiment, animals will be euthanized as described below. Blood samples 
and brain tissue samples will be collected and stored for later analysis. 

V.4.4.3. Adluvants: NIA 

V.4.4.4. Monoclonal Antibodv {MAba) Production: N/A 

V.4.4.5. Animal Identification: Rats are identified by tail mar1<ings and ear punches 
matched with 1Ds on the cage cards. lmmediately after the IV catheter surgery under 
anesthesia, small hole on the ear will be made to identify each animal. Ear punching is 
commonly used for identification of rodents and involves using a special punch to 
produce a small (0.5 to 1 mm) notch near the edge of the ear. The cutting edge of the 
punch is disinfected 70% ethanol after each use. 
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• 
V .4.4.6. Behavioral Studies: Please see section V.1. (Materials and Methods) 

V .4.4.7. Other Procedures: NIA 

V .4.4.8. Tjssue Sharing: 
Blood samples and brain tissue will be collected and shared with other investigators for 
molecular and biochemical assays. All personnel engaging in this procedure will receive 
training by IACUC/LAM staff, or trained laboratory personnel. 

V.4.5. Study Endpoint: The study endpoint is euthanasia in each experiment (9 weeks 
for Specific Aim 1and2, and 10 weeks for Specific Aim 3). Each experiment will be run 
in counter-balanced cohorts. Considering pilot work, time between cohorts, and time to 
run each cohort, each experiment will require about 6 months to collect behavioral data 
and blood samples. Biochemical assays and data analyses will require several 
additional months per experiment. 

V.4.6. Euthanasia: 
Rats in Aim 1 will be euthanized using carbon dioxide inhalation from a 

compressed gas cylinder. Euthanasia will be done in a LAM designated procedure room 
followed by rapid decapitation by guillotine. This euthanasia procedure is in compliance 
with the 2013 AVMA Guidelines on Euthanasia. For brain tissue collection in Aim 2 and 
3, chloral hydrate (400 mg/kg) or ketamine/xylazine (40·80 mg/kg and 5-10 mg/kg} will 
be administered at a dose of 1.0 ml/kg body weight via i.p. (lntraperitoneal) injection 
with a 26 3/8 gauge, 0.5 inch, needle and 1ml syringe. The depth of anesthesia will be 
determined by loss of withdrawal response to rear foot pad pinch, tail pinch and loss of 
movement in response to eye extra orbital touching_ Thoracotomy will only be 
performed after failure of the withdrawal reflex and then intra-cardiac perfusion will be 
performed. Supplemental anesthetic doses (200 mg/kg of chloral hydrate or a mixture 
20-40 ketamine and 5 mg/kg xylazine) will be given as needed. After the deep 
anesthesia, the heart will be exposed, and a 17-gage needle that is connected to a 
pump via tubing is inserted to the left ventricle of the heart. Rats will be transcardially 
perfused with isotonic saline (50-100 ml) followed by a 4% paraformaldehyde/1% 
glutaradlehyde/50% phosphate buffer fixative (200-300 ml). 

V.5. Veterinary Care: 

V .5.1. Husbandry Considerations: Except as noted below. routine animal husbandry 
will be provided in accordance with LAM Husbandry SOPs for each species in this 
protocol. 

V.5.1.1. Study RQom:........,, ______ _ 

Building(s) llb)(Sl I Room Number!sl'F mJ 
_tb)(6) 

V.5.1 .2. Special Husbalildry Provisions: Animals will be single housed. 

Food Restriction: Yes x No 
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Fluid Restriction: Yes No x 

For the lever pres's training prior to the intravenous drug self-administration. animals are 
slightly food restricted for two to three days. This procedure requires an initial 16-20 hrs 
of ·food restriction followed by ad lib feeding for a few hrs after each training. This 
procedure allows transient weight gain overnight. but animals return1 to 90% initial body 
weight prior to the next lever press training session on the following day. After the 
procedure, the animals are fed ad lib throughout the experiment. 

V.5.1.3. E•cepti_ons: NIA 

V.5.2. Veterinatv Medical Care: NIA 

V.5.2.1 . R.ouline_J[eterinary Medical Care: Animals will be cared for in accordance 
with LAM SOP:s. Animals will be observed dally or more frequently by the veterinary 
staff. The LAM veterinary staff will be available for consultation with the Pl if any 
unexpected medical events arise. 

V.5.2.'2. emergency Veterinary Medic.al Care: All emergency, weekend, and holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
techrniciains, and an on-call veterinarian. Essential husbandry procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 
Investigators' contact information will be available to the veterinary staff in case a 
decision about early euthanasia or treatments of an animal needs to be made on the 
weekend or holiday, 

V.5.'3. Enyironmen'tal Enrichment: 

V .iS.3.1. enrichment Strategx; N/ A 

V.15.,3.'.2. Ernriohment Restrictions: Animals will be single housed without toys 
because these e,)(periments are designed to determine effects of several interventions. 
Animals are housed individually beeause of indwelling catheters after catheter surgery 
and tested on drug self-administration. 

VI. S'TUDY PERSONNEL QUALIFICATIONS AND TRAJNING: 

(Pri1ncipaJ 
lnv estigator~ 

STUDY PERSONNEL QUALIFICA,ilONS/TRAINING 
J !Procedure Quallflcatlons/Trainin_ ~ 
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Dru§ Adminismn1on USUHS lnvestigamr iraitiing and Ahlmal Handling 

~ 

courses: > 20 years experience with rats ana otner 
rodents 

Stngical ~mplant of mlnl0 U of AJUTSW Med Ctr traihing eourses: "' 20 years 
eumM ai'IO C3tfteters ex~rienoe with rats aM other rodents 
e~havioral Measures U of A/UTSW Med Ctr training ®urses: " 20 years 

ex~rlenee with rats ana other (otfents 
Pel'fusiian ana tissue W of AJUTSW Med Ctr training courses; ,. 20 years 
collection excerlence with rats artd othet rodents 
Anesthetized U of AJUi'sW Med Ct( training c;ourses; "Ji 20 years 
Dec a e>ltation e><l'.Ml!tience witll tats 

{b)(G) IMS Anirrral Handling USUHS lnvestigatoFTralning (Fall. 2014) and Animal 
Handling course (Fall. 2014): 1 year experience wiih 
rats: training by Qr.j(bj(6) ~nd lab ~ersonnel 

Drug Admli11stratlon USUHS l nv~stigator T~_, and Animal Handling 
col.Jrses· traln i~r. l and lab f1ersonnel 

Surglooi hnp!ant ot mini- Training tly Or nd lab personnel; 1 yea( 
oumos and eatfleters exti.t'!rlence with rats 
Behavioral Measures Training by Ot ~and lab personnel; 1 year 

e><oorience with rats 
Pertusqon ana biological ira1n1ng by Or.~and lab per~onnel : 1 -year 
samR!e collection exMrienee wlm rats 
Anesthetized Training by Dr~and lab personnel 
Oeca(llitation 

(DJlOI I Animal Handling USUH$ Investigator Training and Animal Handhi'lg 
t'nU 001Jrses (several sessions, lncluaing sessions In 1990 

and ln 1ear1y 1990s): NIHtNiMH training courses 
(several in rnld 1980s); > 30 years experience with rats 
and other rodertls 

Drug Adrn1n1strat1cm USUHS Investigator Training and Animal Hantlllrig 
courses; NIH/NIMH training courses: > 30 years 
exoerienee with rats and other rodents 

surgical 11mp1anr of NIH/NIMH training coYrses; ;;,, 30 years experience 
0 -smotic Mini-pumps With rats and other rodents; 1200• surgeries 

oerformed 
Behav\oral Measures NIHJNIMH training courses; ;. 30 years experience 

with rats and other fottents 
Biologu;;al sample NIH/NIMH training courses: > 30 vears e)(perlence 
coOed\on with rats and other rodents 
Anesthetized NIH/NIMH training courses; 25+ years experience wltfl 

, Decaonatlon rals 1000+ deea~ltations ~etformed 
~O)(ti ) 11 Animal Handling USUHS Investigator Training (March. 2016) and 

Ahimal Handling course (March, 2015); tralnmg by Dr. 
I (OJ(o) hnd lab oerscmnel 
' Drug Adm1n1stration u:su11S lnv~stlgator T~nd Animal Handling 

courses; tra1nlnQ bv Dr · nd lab personnel 
Surgical Implant of mini- Training by D~l6J ~nd lab personnel; 1 year 
oumos and catheters exoerlence with rals 
Behavioral Measures Training by Or~and lab personnel; 1 year 

exoerience with rats 
Perfusion and biologleal Tra1niM by Dt~and lab pers0nnel; 1 year 
sample collection experience wlth rats 
Anesthetized Training by D~{b)(6) nd lab personnel 
Oecaoitation 

(UJ\OJ Animal Handling LlSUHS Investigator iraining (Dec. 2014) and Animal 
HandlinQ course (Dec. 2014): 1 vear exoerience with 
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rats: trainin9_Ey 01~!1:>}(6) l a_nd lab personnel 
Drug Admin1stratlon 1us1uHS t:nvestigator T~~. and Animal Htni~ning 

1courses; trainif9 by W. < 6 and lab oersormel 
Swrglcal lmpian~ (ltj min\- Training lby Or (b){6) nd lab personnel; 1 year 
pumps and ca(heite,r:s experience with rats 
Behavioral Measuries Trai11in9 lby O d(t1)10> l:ind lab personnel, 1 year 

re.xoerlence with rats 
Perfusion and b10!~09ical Tirairning by Ort~and lab personnel; 1 year 
sample collectlcm 1e)(Derlence wit rats 
Anesthetized T1ra1rning lby Dr~nd lat:> personnel 
Decapitation 

(U)IO/ I .Arnimal Handling IUSUHS lrnvestigator Training (July, 2014}and Animal 
Handlirn9 course (~M4), 1 year experience with 
rats· trainino bv Dr ( ( nd lab cersormel 

Drug .Administrat'ron US1UH'S !m1estigator T~~nd Animal Ha:ndlling 
course:s; lraimno .bv Dr nd lab oer~onnel 

Sur.gical r mplant lf!)f 1mu:mu- 11'1raining by Dr~and lab personnel; 1 yeair 
pumos and cafl'ilete1ts ~,xperience with rats 
Behaviorai Measrures l rraining by Or. ~M lab personnel; 1 year 

eJ1<oerience wit ra s 
Perfusion and bl1t1~0,9ical T1raining by Dr~ar:id lab personnel, 1 year 
samole collectiolil e}(oerience with rats 
.Anesthetized l ll'airnng 'by Ot~nd lab personnel 
De ca l;!ltation 

l(b)(l)) .Aoimal Handling USILJHS 11nvestigatorTraining {Oct, 2014) and Animal 
Handling eourse <?M;): 1 year experltence with 
rats; trainino bv Or > 1 nd lab "ersonnel 

Drug Adminlstrrat\on USUHS lnve~ligator !jsi~n~rg~nd _A_nlmal Hand~ing 
cour.sres: train~,!_~ nd lat:> oersonnel 

Sor9ical Implant of m11rn~- llfailling by o · ( nel lab peF$Ormel 
pumps and eatneterrs 
Behavioral Measures nainlng by Ortt0 1iG> lane lab peraGnnel; 1 year 

eic!llerience with rats 
Perfusion and .t)1do_gtc:a1 Training by Or.~and lab personnel: 1 year 
sample oollectllln e)(oerlence with rat·s 
Anesthetized T1ra1nlng by Dr~nd lab pe~onnel 
Decaoitation 

(b)(ti) PhD Animal Handling USILJHS lrnve'Stigator Training (Fall, 201 3} al'ld ,Animal 
Handlin,g course (!F all,~> 18 year experience 
wl~h rats· tralnmci bv 01 ( > lahd lab oersonrne~ 

Drug Administriat\on USijHS linive:stigator T1 •4111 11 ll and Anlmal Hand~lng 
cours~s.: trainlnn bv Dr (b)i6) tand lab oersonnel 

Surg!cal Implant of iminl~ Training by mrnJle>> land lab personnel 
pumps and catheters 
Be11tav1oral Meas1ures lra1n1ng by Dr~and Jab personnel:> 18 year 

exoerience with rats 
Biological sample Training by Dr.~and Jab personnel; :i> 118 ')tear 
·collection e><perience wit rats 
.Anesthetized Jra1n1ng by D~aM lab personnel 
Decapitation 

(bJ(ti) .Animal Handling USILJHS l1nvest19atorTra1riln9 (Dec, 2014) and Animal 
Handlin~ ~urse (l~~4), 1 year elfperience wi.lh 
rats: training by Dr J rid lab personnel 

Drug Administratltan U'Sf\JHS l1n'vestigator T~ and Animal Handlling 
courses: lrain11ng by D~(b)(6) ~nd lab personnel 

27 



IX. ASSURANCES: As the Principal Investigator on this protocol, I acknowledge my 
responsib'ilities and provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the activities and in the manner described herein, unless a modification is speci1fically 
approved by the IACUG prior to its implementation. 

B. Duplication of Effort: I have made a reasonable. good faith effort to ensure that 
lthis protocol is not an unnecessary duplication of previous experiments. 

C. Statistical Assurance: I assure that I have consulted with an individual who is 
qualified to evaluate the statistical design or strategy of this proposal. and that the 
"minimum number of animals needed for scientific validity are used." 

D. Biohazard\Safety: I have taken into consideration and made the proper 
c·oordination regarding all applicable rules and regulations concerning radiati,on 
protection. biosafety, recombinant issues. and so forth, in the pre.paration of tnis 
protocol. 

E. Training; I verify that the personnel performing the animal procedu1res I 
manipulations I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verify that I have attended the USUHS Investigator/Animal User 
Training Course. 

r )(6) 

Prim;ipal Investigator Signature 
312612015 
Date 

G. Training: The following personnel will attend the next USU HS 
lnvest1igator/Animal User Training Course: 

H .. Responsibility : I acknowledge the inherent moral. ethical and administrattive 
obligations associated with the performance of this animal use protocol. and I assure 
that alf individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to 
conduct this study in the spirit of the fourth "R" that the 000 has embraced, namely, 
"Responsibility" for implementing animal use alternatives where feasible and conducting 
humane and lawful research. 

t"'"' 312612015 
Principal Investigator .Signature Date 
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t IP.ainful P1rocedure(s): 

I am conducting biomedical experiments which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
caused by the s~ress paradigm WILL NOT be relieved with the use of anesthetics, 
analgesics and/or tranquilizers. However, the potential pain and distress caused by the 
llV catheter surgery WILL be relieved with the use of anesthetics, analgesics and/or 
tranquilizers, I have considered alternatives to such procedures; however, using the 
methods and sources described in the protocol; I have determined that alternative 
[priocedures are not_ Y.aiJable_to_ac.c m lish the objectives of this proposed experiment. 

( 

3126/2015 
Date 
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IX. ASSUJRA (;_E.§: As the PtinGipal Investigator on this protocol, I acknowledge my 
riesponsibilities and p;;ovide assurances for the following: 

A. A.rdmat Usi!; The anlmals authorized for use in this protocol will be used only in 
the activities and in the manner described herein. unless a modification is specifically 
approved by the IACUC prior to its implementation. 

B. OupliGation of Effort I have made a reasonable, good faith effort to ensure that 
this plJ'otocol is 1not an unnecessary duplication of previous experiments. 

c. Statistlt3l Assurance: I assure that J have consulted with an individual wno is 
qualified to evaluate the statistical design or strategy of this proposal, and that the 
"minimum number of animalJs needed for scientific: validity are used." 

D. BiohaMrd\Safety: I have taken into consideration and made the proper 
coordination regarding all applicable rules ana regulations concerning radiation 
protection. biosafety; recombinant issues, and so forth, in the preparation of this 
protocol. 

e. Training: I verify that lthe personnel performing the animal procedures I 
manipulations I o!tJservations described ih this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to tha animals as a result of the procedures I manipulations. 

F. Training: I verify that~ have attended the USUHS Investigator/Animal User 
Trainin~ Course. 

r t>) 

Pr1001pal Investigator Signature 
3/26/2015 
Date 

G. Training: The following personnel wtill attend the next USU HS 
Investigator/Animal User Training Course: 

H. Responsibility; I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure 
that aH indlvidua:ls associated with this project will demonstrate a concern for the health, 
comfort, welfare., and well-being of the research animals. Additionally, I pledge to 
conduct thiis study in the spirit of the fourth "R" that the DOD has embraced, namely, 
''Responsibilityn for implementing animal use alternatives where feasible and conducting 
humane and iawfiul research. 

rx" 3/26/2015 
Pwindpal Investigator Signiature Date 
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I am conducting biomedical experiments which may potentiaily cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress 
1caused by the stress paradigm W1ILL NOT be relieved with the use of anesthetics, 
,analgesics and/or tranquilizers. However, the potential pain and distress caused by the 
llV catheter '.Surgery WILL be relieved with the use of anesthetics, analgesics and/or 
tranquili.zers. I have considered alternatives to socn procedures; however, using the 
methods and sources described In the protocol. I have determined that alternative 
procedures are not available to accomplish the objectives of this proposed experiment. 

Principal lhlfest1gator Signature 
3/26/2015 
Date 
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X. PROTOCOL ABSTRACT: 

A. Animal Protocol Number: 

8'-A1oimaU~_c_o-tocjlLTitie: Role of nicotine and opioid on stress and anxiety in rats 

C. Pd11JQip__aU11y_e_sJi.ga_t_o:r: 1 .... <b_)(
6
_) ____ I PhD 

0. Performin·g Organization: Uniformed Services University of the Health Sciences 

E. Funding: USUHS 

F. Obiective and Approaeh: 

Posttraumatic stress disorder (PTSD) is a debilitating consequence of trauma in military 
and civilian settings. PTSD is often comorbid with substance use and other 
psychological disorder:s. Nicotine-containing products (including cigarettes and 
smokeleS$ tobacco) are used by more than 50% of military personnel; well above the 
18% of civilians who -smoke. This h1gh use of nicotine among military personnel may be 
partially explained by the fact that nicotine and tobacco self;administration increase 
1u111deir stressful situation. Moreover. opioid pain medication abuse is increasing and this 
is of growing concern among military personnel, We will study effects of stress and two 
widely used drugs (nicotine and opioid) on psychological behaviors using animal models 
ancluding intravenous drug self~administration in rats. In specific aims 1 and 2, we will 
study effects of morphine self-administration and withdrawal on behaviors such as fear, 
anxiety, and antinociception as well as brain glucose uptake in male and female rats, In 
s[peclflc aim 3. we will study interactton between psychological stress (Warrior Stress) 
exposure and drugs (nicotine and opioid) in male and female rats. For behavioral 
outcome measures, we will utilize paradigms such as elevated plus maze. classical fear 
conditioning, acoustic startle reflex .• antinociception and spontaneous locomotor activity. 
The goal of this study is to better understand the biological mechan~sms contributing to 
stress responses ant.I substance use as well as individual differences in vulnerability 
and resilience to these environmental factors. 

·G, Indexing Terms (Descriptors); Stress, nicotine, opioid, behavioral responses of rats 
to stress, nicotine, dr1.1g self-administration, drug seeking, psychological stress; fear 
memory, PTSD, anxiety, depression, 
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ANIMAL P'ROTOc10L NUMBER: f ... 6>_<
0

_> ___ _, 

IPRINCllPAL INVESTIGATOR:l(b)(6) IM.D., Ph.D. 

ANIMAL PROTOCOL. TITLE: Neurophysiology of Escalation of Aggrression in a Rat 
!Model of PTSD 

GRAINf TITJL.e tif different from above): 

IJSUHS PROJECT NUM16ER: .... r_><5_1 ______ _, 
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jECHNJCJANSCSJ: 

I. NON-TECHN~CAL SYNO~SIS: 

Escalated aggression is a comorbidity of post traumatic stress disorder (PTSD). 
appearing as angry outbursts and reckless or destructive behavior. To elucidate the 
1unde1rlylng neurophysiology and discover pharrnacotherapy. an animal model is needed 
for ex.perimentation, The rat is the lowest animal on the phylogenetic scale that 
corresponds to humans in anatomy. physiology, and behavlo( sufficiently to study the 
rneurophyslology of aggr,ession. 

Stress is produced by restraint and tail shock for two hours on each of three 
consecut:ive days. This restraihtltail shock paradigm has been running in the laboratory 
for fifteen years and an IACUC protocol (PSY-14·-667) is currently active. Sleep 
deprivation is to be achieved by giving the restraint/tail shock procedure during the final 
1ho1Jrs of the light cycle, when the animal would normally be in REM sleep. 

(b)(4) 
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11. BACKGROUND: 
(b)(4) 

P'iiSD Animal Modelsl(ol<4> 

[0)(4) 

lo e:stalbllsh a rat model of PTSD we have successfully developed and tested the 
inescapable tail-shock model of stress in rats and verified that short and long-lasting 
behavioral, biochemical and physiological alterations result. lmpcrtantly. the stress-
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linduced behavioral and neurobiological symptoms in the rat models are very simillar to 
those seen in PTSD patients. 

H.2. Literature Searclh for Du_ell~aflon; 

11.2.1. Literature Source(s) Searched: PubMed. entire database; AGRICOLA, entire 
database; NIH Re!Portef, entire database; AltWeb. entfre database: DoD Biomedllcal 
Research Database {BRO) entire database. 

11.2.2. Date of Seai:ch: February 10, 2015 

11.2.3. Period of Search; no limit 

11.2.4. Key Words and Search Strategy: Rat. Aggression. and PTSD; Rat. Anger. and 
PTSD 

11.2.5. Results of Search: 

Pub:Med - 2 articles. one partially overlapping, none equivalent. 
AGRICOLA-a 
NIH RePorter - 1 grant, none overlapping 
AltWeb - 1 article, none overlapping 
BRO - 5 related grants. none overlapping 

Ill. OBJECTIVE\HYPOTHESIS! 
The overarching hypothesis under which these experiments are proposed is that the 
dis~ress that leads to PTSD, and the sleep deprivation that is intrinsic to PTSD, promote 
the ~moer, hostilitv anoresslon, and violence that are freauentlv comorbid with PTSD. 

(0/\4) 
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(b)(4) 

IV. MILITARY RELEVANCE: Irrational, angry attack stemming from PTSD presents an 
ever Increasing danger to society and the patient as more and more troops return from 
llraq and Afghan·istan. The proposed experiments are intended to lay the ground work 
for clinical trials of pharmacotherapy for anger in PTSD. 

\I. MATERIALS AND METHODS: 

V.1. Experimental Design and General Procedures: 

USUHS Form 3206 - Revised October 2008 
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V.1.1. 1E~merimeot 1: Testlna Hvpothesls 1 and 3.2.:f0><4J 
\0)(4) 

Species: Rat = Fischer: 30 rats~ unstressed group - Pain category C 
Timeline: 

• Animal arrives in LAM 
• Animal remains in LAM at le'ast one week prior to experiment 
• Animal is anesthetized per V.4.1.2.1. AnesthesiaJAnalgesia!Traogulli.za1io_n 
• 8oimal is mounted in stereotax and electrodes lowered into place per V.4.3.2. 

Procedure: Experiment 1 
• IElettrophysiology and pharmacology are collected during a period of no more 

than 24 hours 
• Animal is euthanized per section V.4.6. Euthanasia: and brain is saved for 

!histology to confirm electrode positions. 

Species: Rat - Fischer: 24 rats = Stressed group Pain category E - NOTE: These rats 
are stressed by, "social defeat" (Koolhaas et al .. 1997), that is. being attacked, in 
Experimenits 2 and 3. Per V3.5 "Reduction". these rats are then to be taken after 
completion of Experiment 3 to complete E)(periment 1 . 
Timeline: {Note: The following timeline may take place more than a year after the 
timeline just above. since Experiments 2 and 3 intervene. 

I 

• A.fter Experiment 3 is completed, as described in section V.1.3. E)(periment 3, the 
24 Fischer rats are entered into Experiment 1, and electrophysiology is recorded 
'from these rats under urethane anesthesia as follows: 

• Animal is anesthetized per V.4, 1.2.1. Anes1hesia/A11algesia/Tranguilizatron 
• Animal is mounted in stereotax and electrodes lowered into place per VA.3.2. 

Procedl..lre: Experiment 1 
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• IElectrophysiology and pharmacology are collected during a period of no more 
~han 24 hours 

• Animal is euthanized per section V.4.6. f.uthanasia: and brain is saved for 
histology to confirm 1electrode positions. 

V .1.2. Exp_eJiment :2: Tes ting Hypothesis 2: 

Behavior: Forr one (1) to two (2) months twenty four {24) male Long~Evans rats, 3 
months of age or 0 1lder, are to be housed four (4) to a large, 30"x.24"x14" cage. These 
ar1e to be the experimental animals. This group housing is meant to bring out the 
aggres>siveness innate to male rats. During this period the experimenter will. by 
obserrvation. hierarchically categorize these rats according to aggressiveness. Normal 
intermale aggress.lon in rats functions to establish hierarchy and does not cause serious 
inju~ ._Any rat th_at does not. play by these rules wJ{I ie remoyed from the experiment 
and either transferred to animal research protoco . b)fl I another USU rat 
protocol which does not entail interaction between rats, or euthanized. 

Surgery: After the group housing P,eriod_, Dr .~<6> . ~ill perform the ~le_ctrode 
implantation ~ n the CNRM Surgeryl(b)(e) _ s described in "V.4.3.2. Procedure: 
Exp.er!ment 2 and J: Stereotaxic Surgery", Subsequent to implantation, the rat will be 
revived and taken care of as described in V.4.3.3. "Post~surg lcaL&.o_vlsJo_ns_._6ehavior.".. 
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(P)(4) 

ElecJLophysi~gy;: As described in V.4.3.2. Procedure: "Electrophysiology" 

- S Rt ,pec1es: a: 
Pain Cateaorv 
B 
c 
E 

USUHS FOlm 3206 - R&v1sed October 2008 
Previous versions are obsolete 

Number of rats 
288 ~oi;>s (24 litters of uo to 12 ouos each) 
24 females 
24 resident males; 24 intruder males 
already counted for in Exo 1 
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E 

(0)14 ) 
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288 u s 24 litters of u s each 
24 females (same anfmals as in 
Ex erlment 2 
24 resident males; 24 intruder males, 
same animals as E>< eriment 2 
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Power: Number (n) of rats required:: 16 (b)(4 experimental) rats in Experiment 2 
and 16f(b)(4) [experimental) rats in Expenment 3, for power (1T) . Since the concern 
is the rejection of the null hypothesis H0: µexperrnenta1 = µ ccnlfOI, we take TT = 0.8, where 1T = 
f3/a, ~ = risk of false negative= 0.2. a :: risk of false positive = 0.05. and a meaningful 
difference (Li) = 0.25. Within group standard deviation (a) for the different parameters is 
expected to be within 0.5. From experience it all comes out to about sixteen (16) rats for 
each experiment. Experiment 2 and Experiment 3. 

Eight (B) additional experimental rats per group to fill in for any technlcall failures. 
particularly since the standard deviation for coordinates in the rat brain is 400µi (Paxinos 
et al., 1985). 

V.3. Laboratory,.Animals ReguireCI and Justification: 

V.3.1. Non-animal Alternafr1es Consider~d: Employing animals in this rese'arch is 
necessary to ass·ess the effects of PTSD on brain anatomy and In vivo behavioral 
performance . These data will provide a means for relating behavioral responses to CNS 
structure and function in vivo . Non-animal alternatives do not replicate the three 
dimensional structure or temporal change that occur as a function of complex 
behavioral responses to tasks presented to a live animal. We can only do research in an 
alilitnal model that displays anger and aggression. 

V.3.2. AnimaL)todel and SQecies Justification: The animal model is the rat (Rattus 
noNegicus). 1n our case the Long-Evans rat. The rat is the lowest animal in the 
ph:flogenetic scale which displays aggression relatable to human aggression and which 
has a basal forebrain in the pattern of the human basal forebrain. The rat. unlike the 
mouse. has a large enough brain in which to do the necessary multi-electrode evoked 
field potentia l electrophysiology. 

v .3 .. 3. Laboratory Animals 

V.3.3.1 . Genus & SPf'!cles: 

V.3.3.2. StrainJSt.oclc 

V .3.3.3. Sourcel'lendor: 

V.3.3.4. Age; 

V .3.3.5. Weight: 

V.3.3.6. Sex: 
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Species #1 
Rattus norvegicus 

Long Evans code 006 
Fischer CDF code 002 

l(b)(4) 

Newborn - Juvenile - 3 
years 

Newborn - 200g - 500g 

Male and Female 

Seecies #2 
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V.3.3.7. Special Considerations: Colony cage< surgery. 
Single cage> surgery 
Male female pairing . 
Wean pups. 

V.3.4. Number of Animals Reaulred (by Species): 

702 rats as follows: 
Experiment 1: 54 Fischer rats. (30 of these Fischer rats are exclusively for Experiment 
1. The remaining 24 Fischer rats. per V.3.5.2 Reduction. are to be used here in 
Experiment 1 after being used in Experiments 2 and 3. 
Experiment 2: 24 Long-Evans male rats and 24 Long-Evans female rats . Plus up to 288 
Long-Evans rat pups (24 liters of up to 12 pups each) to be delivered in the course of 
Experiments 2 . (24 Fischer rats are already counted under Experiment 1.) 
Experiment 3: 24 Long-Evans male rats. Plus up to 288 Long-Evans rat pups (24 liters 
of up to 12 pups each) to be delivered in the course of Experiments 3. (24 Fischer rats 
are already counted under Experiment 1. 24 Long-Evans female rats are already 
counted under experiment 2.} 

V.3.5. Refinement. Reduction, Replacement (3 Rs): 

V.3.5.1. Refinement: Anima ls are to be handled regula rly so as to get use to the 
e><perimenter and thus minimize the ir stress . 

V.3.5.2. Reduction: The same female and intruder rats are used in Experiment 3 as 
in Experiment 2 . The rat pups generated will be transferred to other protocols, when 
possible , rather than simply euthanized. 

V.3.5.3. Replacement: NIA 

V.4. Technical Methods: 

V.4.1. Pain I Distress Assessment: 

V .4.1.1. APHIS Form 7023 lnfonnatJon: NIA (APHlS Form 7023 does not list rats or 
mice.) 

V.4.1.1.1. Number of Anlmals: Total: 702 

V.4.1.1.1.1. Column B: 
V .4.1.1.1.2 Column c: 

V.4.1.1.1.3. Column D: 
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Fischer 

30 (Exp.1) 

Soecies #2 
Long-Evans 

576 (pups} 

24 (females in Exp 
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V.4.1.1.1.4. Column E: 24 (Intruders) 
Total: 54 

V.4.1.2. Pain Relief J Prevention: 

48 (Residents) 
Total: 648 

V.4.1.2.1. Anesthesia/AnalgesiafTranguilization: Urethane (general, 1.4g/ Kg given 
IP with a 23 gauge needle) and bupivacaine (Marcaine. local given with a 25 gauge 
needle) for acute recording (Experiment 1 ). Urethane will only be used as an anesthetic 
for the non-recovery electrophysiologic recording to be conducted in Experiment #1 . 
lsoflurane (general} and bupivacaine (Marcaine, local) for electrode implants 
preparatory to behavior (Experiments 2 and 3). The NSAID Carprofen (Zenecarp) 5 
mg/Kg SC BID will be given with a 25 gauge needle during the post-operative 24 hours 
as a routine procedure. Deep barbiturate anesthesia (Fatal Plus preparation of 
pentobarbital) prior to fixation perfusion for electrode confirmation histology. Induction of 
all anesthesia is with isoflurane. 

Induction of anesthesia with isoflurane: All anesthesias are induced with isoflurane, 
as follows: The rat is placed in a an induction box connected to an isoflurane vaporizer 
r Matrix VIP 3000", Midmark) mounted with oxygen. lsoflurane concentration is 
gradually raised to 4%. When a lack of righting reflex and a 50% reduction in respiratory 
rate are observed for at least 10 seconds, the next stage of anesthesia commences. 

lsoflurane is suitable as a general anesthetic for chronic implant based experiments 
(Experiments 2 and 3) because the isoflurane has departed long before the eJ1Cperlment, 
and leaves no known residual effects. lsoflurane is not suitable for acute experiments 
(Experiment 1) because isoflurane drastically depresses all central brain function . 
Urethane is standard for acute experiments because it preserves some central brain 
function at the same time as producing surgical anesthesia. 

Urethane as a general anesthetic for electrophysiology: As early as 1917, urethane 
was already ·well known" to be a "very uniform anesthetic" in animal experimentation 
(Stewart & Rogoff, 1917). Current policy statement, from the Universi1y of Florida, for 
instance, describes urethane in small animal experimentation, as follows: ''Urethane ls a 
long-lasting anesthetic acceptable for use in non-recovery animal experiments only. 
Urethane anesthesia is recommended for neurophysiological studies that require stable 
autonomic physiological status. reduced depression of brainstem neural activity and in 
animals breath ing spontaneously free of a gas anesthesia circuit. Urethane also 
produces long lasting anesthesia with min imal cardiovascular and respiratory system 
depression. Studies in rodents have shown that urethane has a rapid onset after IP 
administration. Advan tages of urethane anesthesia are that it produces excellent 
muscle relaxation and analgesia sufficient for surgica l manipulations. ("Urethane 
Anesthesia Policy", University of Florida, adopted 7/24/07.) 

For the complete description of anesthesia procedure see V.4 .3.2. "Procedure·. 

V.4.1.2.2. Pre· and Post-procedural (not surgery) Provisions: Animals will be 
housed in a climate controlled environment with free access to food and water, and will 
be maintained on a 12 hour reverse light/dark cycle between 20-26°C. Animals w ill be 
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acclimated for three days to the USUHS LAM. During acclimation to LAM, animals will 
be handled briefly each day to acclimate them to being handled; this will reduce any 
stress that mlghlt result from handling of the animals during the procedures described in 
this study. IFollowing protocols. animals will be monitored according to LAM SOPS. 

V.4.1.2.3. Paralytics: !None 

V.4.1.3. Literature Se.arch for Alternatives to PainfYiP_r_Ois.lm.s_s.fuJ-2.1'...0J:_e~d_ui:_e_s: 
Pafinful p:rocedure: Recovery subsequent to the electrnde 1mplarrt Is 

understood to expose the animal to some pain. i he pain is minimized by local 
anes~hetics given prior to the surgery and by the NSAID Carprofen (Zenecarp) given 
postop. There is no way to record intracerebral electric field potentials in the aosenc:e of 
surgical implantation of electrodes. The surge~ as described meets LAM and IACUC 
guideline.s. 

Distressful procedure: The very nature of the experiment is to study stress. 
Restrain/taril-shock r1epeated on each of three days is a fundamental procedure in 
stress. particularly PTSO, research. Alternatives in the literature such as fox odor and 
i:i>fle day stress do not yield a prolonged stress response indicative of PTSD. 

V,.4,1,3.1. Sources Searched: PubMed, entire database: AGRICOLA. entire database; 
NIH RePofite:r. @ntire database; AltWeb, entire database: OoD Biomedical Research 
Database (BRO) entire database. 

PubMed - 1 journal article - not relevant 
.AGRICOILA - 0 
NIH RePorter - 6 articles, 1 relevant, none overlapping 
,AltWeb - 11 article.s, none relevant 
BRQ-0 

V.4.1.3.2. O.a_t.e'-oJ.::.SJ!_a~teJ1: February 8, 2015 

V.4. 1 .3.3. Period of Search: No limit 

V.4.1.3.4. Key W.o.tds_oLS_e_aJ~cJ]: l ... '.6_)<4_l ________________ __, 

V.4.1.3.'5. Re.s_u.lts_Qf_Search: Eighteen (18) journal articles, 1 re levant, none 
overlapping. 

Literature search to check for possible new alternatives to painful and distressing 
procedure: The surgery as described meets LAM and IACUC guide.lines. Restrain/tail
shoo'k repeated on each of three days is a fundamental procedure in stress. particularly 
PTSO, research. Alternatives in the literature such as fox odor and one day stress do 
not yield a prolonged stress response indicative of PTSD. 

USUHS 1Form 3206 - Revtsecl OCtober 2008 
Previous versions are o'bsolete 

17 



v .4.1.4. 1JJ1ali~Jdat~-~iofuJ_o_r_Dj_s_tr_e_s_s1_ut__e_r_o_c_e_d_yLtt:J_Qs_tfii_G_ati:a_1"1 : 
we stress the rEit~ far three eolflseeutive day5 b~t~use it ha~ been pr~viQIJSly 

demonstrated that repeated stress sessions for thr~e days are more effective than a 
:single stress session in prO'ducing physiolog1cal aM behavioral abnormalities, such as 
'elevations in basal plasma cortlcosterone levels. exaggerated acoustic startle 
responses and reduced body weight (Servatius et al.; 1'195}. Additional exposures to 
stress do not appear to result in greater physiological and behaviora l changes 
($ervatiu:s et al .. 1995). Other types of stressors appropriate for an animal model (e.g. 
restraints only) are not easily quantifiable and have resulted in at least partial 
habituation rather than chron1ic stress. Given these considerations. w~ feel that the 
painful procedure is justified. 

V.4.2. rPtohmged Restraint.; In Experiment 3 prolonged restraint will be conducted per 
IAW IACUC Polley 004 "Pro~onged Restraint". A'JI animals are monitored during the two 
hOurs when tail shocks are being administered lo assure that they do not get into 
positions that do not allow them to breath properly. 

\1.4.3. Surg-ery; 

V.4.3.1. Pre~urgical ~rovii~iong: None special. Rats do not vomit 

Experiment 1: Aseptic technique using 70% ethanol as described and justified under 
''Experiment 2 and 3: Stereota!ic surgery· immediately below, is to be erTlfroyed. In the 
Center for Neurosdence and Regeilt!!fative Medicine (CNRM) Surgeryl<6>{5 I the 
Fischer r.at is placed in an induc11on box connected to an isoflurane vaporizer ("Matrix 
VIP 3000"', Mitlmark) mounted with O.Kygen tank and isoflurane scavenger. isoflurane 
concentration is gradually raised to 4%, When a lack of righting reflex and a 50% 
reduction in resp'iratory rat~ are observed for at least 10 seconds, the rat is removed 
from tlhe box and given the IP injection urethane (1 .4g/Kg in water). Urethane is an 
effective long duration anesthetic for experiments with rats (see Section V.4.1.2.1. 
"Anesthesla/Analgesia/Tranqui1ization") The rat is maintained on 100% oxygen for half 
an hour to allow time for the isoflurrane to depart from the blood and fat stores since the 
animal may become hypoxic if left to breath plain room air. During that half hour the 
urethane arnestheS•ia takes effect, which is confirmed by the absence of the pedal 
withdrawal reflex to pinch of the foot Web. To block subsequent pain from the ear bars in 
th'e stereotax, bupivacaine (0.25%, 0.2 ml) is then injected at the anterior bulla (by 
following the zygomatie arch to its posterior base) and posterior bulla (palpated by the 
mastoid proeess). bilaterally. Bupivacaine (0.2S%. 0.4 ml) is further injected along the 
scalp midline subcutaneous to the incision site prior to the incision. The rat is placed on 
a heating pad and temperature maintained at 37°c referenced to a rectal thermometer. 
The rat is ~hen mounted in the ste:reotax for surgery and electrode implant. Breathing 
rate is monitored. Increase in rate of breathing or an movement is res anded to with 
irn:;mrnental IP in" ections of urethane (0.1 g/Kg) l 
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ExperlroellU alld ~· 
Stereota~c .sUtQBJ:y: St~reota,xic s1urie~: tar~ely following Valenstein et al. (1961) will 
be performed In the CNRM Surgef'ti )( ~sing aseptic technique, including surgical 
prep, sterile glove. sterile Instruments, All st.Jrgleal tnstruments and implantation articles 
- irncluding eff!lctrodes, stainless steel screws; socket, and crimp tube - will be 
dis,infected in 70% ethanol for 20 minutes. "Ethanol is rapidly bactericidal and fungicidal 
against 11egetative organism, While killing spores requires a prolonged contact time, 
spore fonming organisms only rarely cause post procedural infections. at l~ast in 
hwmans.'' (Cooper et al. 2000). Thus, "alcohol, because of its eonvenieMe 1 low cost. 
,and lack 'Of antlsepsi~H~ssodated drawbacks specifically in rats and mice, has an 
appropriate role in the preparation of surgical instruments for survival surgery ir1 these 
species." (H1uerkamp, 2ocr2). ethanol kills bacteria by coagulatlon of protein and is 
generally used cis a 10% solutioh (Mitchell & Berg, page 161). The dental acrylic used 
for hOl~ing tl'le implantation is sterilized by the me·thyl methacfylate tnat cures it. The 
stere:otax wiH be scrubbed clean and wrapped in gauze saturated with 70% ethanol for 
twenty minutes p:rior to surgery, Coltonoid and gelfoam will be from sterile packets. 
Wound closure will be with wound clips. sterilized. 

Long-Evans male rats i(jOOg+) will be anesthetized with isofiurane. The rat is placed 
1in an induction box connected to an isoflurane vaporizer ("Matrix VIP 3000", Midmark) 
mounted w1ith oxygen. lsoflurane concentration is gradually raised to 4%. When a lack 
of righting reflex and a 50% reduction in respiratory rate are observed tor at least 1 O 
seoonds the rat is removed from the isoflurane box, bupivacalne nerve blocks are 
·applied as described in section "V.4.3.2. Procedure: Experiment 1", and the rat is 
1replaoed in the isoflurane box. Once the rat is 'deeply anesthetized, as judged t>y an 
abse'r'IC:e of the pedal withdrawal reflex to a hard pinch of the foot web; the rat will be 
iPlaced in a David Kopf stereotaxic apparatus; where lsoflurane anesthesia is 
maintained at 1% through a mask that is Integral to the stereota.x. Any skeletomotor 
movement during surgery will be interpreted as response to pain: surgery will be 
tempor:arily halted, and the isoflurane concentration Will be raised to 2% until response 
to paw web pinch ceases, A 0.5~ 1.0 mm hole will be drilled in the skull over each of the 
brain nuclei to be stimulated or recorded - five (5) holes all toaether.1(u1\<+J 
lO)\ .. ) 

~O)l4) !The scalp 
i.....~~~~~~~~~~~~~~~~~~~~~~~~~-----
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wound will be closed around the dental acrvllc usino stainless steel wound clios as 
nec-essarv.11°x41 

\U)(4) 

<bl(4> !Finally the isoflurane anesthesia is discontinued and the rat is removed from 
the stereo tax and returned to the anesthesia box to be maintained on 100% oxygen for 
ihalf an hour. lsoflurane departing the blood into the alveoli during that half hour could 
render the animal hypoxic if left to breath plain room air. The rat is singly housed during 
recovery for one week post surgery. 

{b)(4 1 

Recoverv~ See V.4.3.3. Post-surgical Provisions 
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Histolo~gy: F'ollowing completion of Experiments 1 and 3, the rat will be anesthetized 
with pentobarbital (Fatal Plus preparation;100 mg/Kg, IP; Petty C., Research 
,Teehnigues in the Rat, C, Thomas, Springfield IL, p, 7 provides 3 hours of anesthesia. 
The pentobarbital sodium wlll be stored in a locked cabinet bolted to the wall in._l(6_R6_> __ _ 

per IDEA regulation.) After deep anesthesla is verified by absence of pedal withdrawal 
to hard pinch of the foot web, the position of each stalttless steel recording electrode is 
marked witfh an iron deposit by connecting the positive terminal of an ordinary 9V 
battery to the electrode and completing a circuit by connecting the negative terminal to 
the skull screw that serves as the rreference electrode. Iron atoms (Fe<+ and Fe"++), by 
virtue of their charge, will move away from the electrode and into the immediate vicinity 
of the tissue. By Ohm's Law, V =RI, where V =voltage= 9V and R =resistance= 9 
Kohm, I= current= 1mA. The sternum will then be transected sagittally, the thorax 
retracted, the 1right ,atrium cut to pass out fluid, and the rat will be perfused with 
formaldehyde containing potassium hexacyanoferrate(ll) to turn the iron deposit blue via 
a sy11inge connected to an 18 gauge needle puncturing the left ventricle. Then tne brain 
is removed and sectioned to confirm location of the blue deposit marking the position of 
the electrode tips, (The nichrome stimulating electrodes, which do not contain iron, are 
located lby the impression these leave in the formaldehyde fixed tissue.) 

V.4.3.'3. Post-surgical Provi§ions: 
Recovery (Exper1iment 2 and 3): Following surgery, animals will be kept warm and 
observed until conscious. Bupivacaine nerve block of the skin and fascia should last 
several nours. Incisions in periosteum and dura are not known to produce protracted 
pain. Trhe skull and the brain do not have pain innervation. The implanted rat will be 
housed singly for a week of recovery. Paper chip bedding will be requested to minimize 
chance of wound infection. The NSAID Caprofen (Zenecarp) 5 rng/Kg SC BID will oe 
given with a 25 gaoge needle during the post;operative 24 hours as a routine 
procedure. There will be a follow-up e11aluation of the need for analgesia again the 
ne.xt day, with further dosing provided if the rat does not show normal locomotor activity 
and appetite. This reg1men is particularly effective for incisional and musculoskeletal 
pain (Mook D. (2005) . Thereafter the rat will be monitored at least twice daily {at least 
once diuring their dark - ac;tive - period). Infection, though unlikely, will be monitored by 
inspection of the implant site and be addressed by requesting appropriate antibiotics 
from LAM. Rats that do not move normally and eat by two days post surgery will be 
euthanized. Otherwise, one week Will be allowed for reco'Very prior to proceeding With 
the experimental protocol. 

V.4.3.4. koeation: .... 1(6_)<6_) _____ __,I (CNRM Surgery) 

V.4.3.5. Surgeon: Dr . ._l<b_){6_> __ _, 

V.4.3.6. Multiple Maior Survival Operativ_e E~dures: NIA 
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V.4.3.6.1. Procedures: NIA 

V.4.3.6.2. Scientific Justification: NIA 

V.4.4. Animal ManiWJlations: 

V.4.4.1. ln!ectlons: Urethane for anesthesia (Section 4.3.2), bupivacaine for nerve 
block analgesia (Section 4.3.1 ). Caprofen post-surgical analgesia (Section V4.3.3)., 
pentobarbital (Fatal Plus) for histology perfusion (Section 4.3.2 - Histology), prazosin 
(0.1mg/Kg IP in water) , paroxetine (1 mg/Kg IP in water). 

V.4.4.2. Biosamplea: Formaldehyde fixed brain slices for histologic verification of 
electrode position, as described in Section 4.3.2 - Histology. 

V.4.4.3. Adjuvants: None 

V.4.4.4. Monoclonal Antibody (MAbs) Production: NIA 

V.4.4.5. Animal Identification: Ear punch (8.Y.T. Co. Ml). "Sharpie' permanent 
marker on tail, and cage card. 

V.4.4.6. Behavioral Studies: 
Stress exposure consists of a two-hour per day session of immobilization (restraint) 
and tail-shocks. for three consecutive days. Each animal is restrained· in a Plexiglas 
tube and an electrode is attached to the tail. Forty electric shocks (2 mA. 3 s duration) 
are applied at varying intervals (140 to 180 s) over a two hour period; then the rats are 
returned to their cages. Exposure to this three day stress regimen has been shown to 
be more effective than a single stress session in producing lasting physiological and 
behavioral abnormalities , such as elevations in basal plasma corticosterone levels, 
exaggerated acoustic startle responses and reduced body weight (Servatius et al., 
1995). 

The Plexiglas restraint tubes used in administration of the stress protocol are 
designed to accommodate animals of a specified size range. If an animal is near the 
lower end of the size range. there will be slightly more room for it to move in response to 
the shock and possibly twist itself into a position that will not allow it to breathe properly. 
The technician who monitors the stress protocol can release the adjustable end of the 
restraint tube slightly to allow the animal to return to a position that does not impair 
breath ing. then retighten it. Animals of the size specified in this protocol ( .. 250 gm) do 
not usually exhibit severe reactions to the stress protocol. If the animals have been 
handled when they first arrive in USUHS animal facility. they generally do not resist 
being put into the restraint tubes. If animals were to exhibit symptoms of extreme 
respiratory- distress or damage to the tail resulting from the electric shocks during the 
stress procedure or if any animals would lose more than 20% of their initial body weight 
as a result of exposure to the stress protocol, they would be withdrawn from the study 
and euthanized. 

Electrodes will be attached to the tail of the animal by means of a spring clip in order 
to minimize any painful irritation that might result from repeated taping of the tail. All 
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animals are monitored during the two hours when tail shocks are being administered to 
assure that they do not get into positions that do not allow them to breathe properly. 

Animals will be monitored daily by Drf6><6> bnd LAM staff after stress sessions. 
The stress protocol results in a decrease of eating for a few days, during which time the 
rat may lose body weight. and later regain it. (Jia, Smerin, .. ,L1, 2014, ·corticosterone 
mitigates the stress response in an animal model of PTSD", J Psychiatric Res. 6_0:29). 
Beyond that small loss in weight. laboratory rats non'hally plateau in weight at about the 
fourth month of age, the same time that the experiments begin, and at least maintain 
that weight for the next two years. Thus the loss of 20% of body weight over any period 
is grossly abnormal and indicative of extreme dysfunction. Whether that dysfunction is 
an eating disorder or other metabolic disorder is beyond the scope of this protocol or 
experiment to deal with. Therefor-ewe propose euthanizing the rat in response to this 
criterion. Therefore. any animal that would lose >20% of its body weight as measured 
on Day -1 would be withdrawn from the study and euthanized per Section V.4.6. 
Euthanasia . 

The shock administered to the tails of the animals is 2 mA in intensity for a duration 
of 3 seconds. The animals typically jump and cry out during the duration of the shock 
and struggle to get away from it. As soon as the shock concludes, the animals lie quietly 
until the next shock. Four to six animals are shocked at one time (in individual tubes 
with a single electrode attached to each animal's tail). The size of the animals can vary 
by as much as 20 gm. while the restraint tubes are rigid and fixed. An animal that is 
slightly smaller than the ideal weight for which the tubes are designed can sometimes 
move into a position where its ability to breathe is compromised: 1f the animal is not 
being monitored by a technician who can release the end of the tube and allow it to right 
itself, then retighten the end of the tube. the animal can expire. Rats of the size listed for 
this protocol usually do not exhibit this difficulty, but will be monitored during the 
administration of the stress protocol. The electrodes are attached to the tail with a 
spring clip to prevent irritation of the tail by removal of adhesive stripes each day for 
three days and to minimize the possibihty of infection through a break in the skin on the 
tail. We have not observed damage to the tall (i.e. burning of the tail) resulting from 
contact with the electrode during the shocks. Criteria for early termination of the shock 
experiments would include (1) signs of infection due to a break in the tail skin; (2)severe 
Irritation or burn ing of the tail resulting from contact with the electrode during 
administration of the shocks: (3) loss of >20% of body weight as measured on Day -1 
before admirnistration of the stress protocol (Note that rats have been consistently 
observed to lose weight following exposure to stress, but never >20% of their body 
weight prior to administration of the stress protocol): and (4)observation of pain or 
infection in the animals that are housed for 30 days after the final stress session. Any 
animals that must be removed from the study will be given to LAM personnel for 
euthanization as described in Section V.4.6. 
After each use, the restraint tubes are washed in Alconox detergent solution and 
allowed to air drv and the electrodes are wined with 95% ethanol. 

(0)(4) 
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V.4.4.8, TisSJ,ue ·Sharing: Once the brain of the formaldehyde perfused animal is 
removed for hlstologic verification of e.lectroae tracks, all 'other tissue~ are available. 
This availability wlll be broadcast at USU HS by word of mouth to LAM personnel and 
other colleagues. 

V.4.S. lludy Endpoint: 
Experiment 1: Recordings under anesthesia are expected to be completed within the 
fir:st year. Each indlvklual rat is ordered to arrive at about one month of age and be used 
during th·e following two months. Each recording lasts less than 24 hours. after which 
the rat is euthanized as described in Section V.4.3,2 - Histology. 
Experiment 2 : Experiment 2 is expected to begin during the first year and conclude at 
the end of the second year. at which time the resident rats will be euthanized for 
histology. The femalle and intruder rats will go for..vard into Experiment 3. 
Experiment 3: Experiment 3 is expeded to begin during year 2 and conclude at the end 
of year 3, at which time th.e rr~side1nt rats will be euthanized for histology of electrode 
posmon:s, tlhe intruder rats will be utilized in the Experiment 1 paradigm, and the 
females, now three years old, w1ill be euthanized. 
V.4.6. Euth'Clrtasia: For histolo,gy. the experiment calls for deep pentobarbital (Fatal 
Plus preparratiori) anesthesia fol'lowed by vascular perfusion (Section 4.3.2. - Histology). 
Rats that require euthanasia because of iiliness (V.4.3.3. Post-s_urgical ProvJslons; 
V.4.4.6.Behavior,al Stud~es '. Stress e)(posure) will be deeply anesthetized with isoflurane 
by the ·experimenter until the pedal withdrawal reflex to foot wet> pincn is absent and 
then decapitated with a rat guillotine. When euthanasia is requested by LAM 
technicians. they will foflow t AM protocol which consists ·of carbon dioxide asphyxiation 
followed by a secondary method (i.e. cervical dislocation. bilateral thotacotomy). 

V.5. yete1inary Care~ 

V.5.1. tiusbarndnt C_ooslderations: Except as noted below, routine animal husbandry 
will be provided in accordarnoe w1ith ILAM Husbandry SOPs for each species in this 
protocol. Upon arrival, animals will be housed two (2) to a cage. Post surgery, rats will 
be housed one {1) to a cage for one week of recovery. For two (2) weeks to one (1) 
month, a male and a female are to cohabit in a large cage. possibly with pups, as 
described in Section V.12.Experiment2: Testing Hypothesis 2: Behavior. 

V .. 5.1.1. Study Room: 
Building{s) USUHcl(b)<G) 
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V .5.1.2. Speeial Husl:landrv Provisions: 

Food Restriction: Yes 

Fluid Mestrictlon: Yes 

V.5.1.3. Exceptions: 

V.5.2. Veterinary MediGal Care: 

No 

No 

x 

x 

x 

V.5.2.1. _RouJine Veterinary Medical Care: Animals will be monitored for health, 
humane treatment. and husbandry considerations1 twice daily by LAM personnel during 
routine weekday rounds and at least once daily on weekends/Mlidays. This is in 
addltiion to, and not in place of, the monitoring that is done by the Pl and their staff. In 
the event of a debilitatln,g illness or adverse reaction, the decision to treat or euthanize 
an animal will be made by either the veterinarian and/ or the Pl. 

V.5.2,2. Emer,g~nc¥ Veterinary Medical Care: All emergency, weekend, arnd holiday 
care is provided by two animal husbandry technicians, one or more veterinary 
technicians, and an on-call veterinarian. Essentlaf husbandiy procedures and health 
rounds are conducted by LAM personnel once daily during weekend and holidays. 

V.5.3. e_nvironmental EJ:ujchment: 

V.5.3.1, Enrichment Strategy~ Except as indicated below. all animals on this 
protocol will be provided with routine environmental enrichment in accordance with LAM 
SOPs aind IACUC Policies. Examples include nestlets and tunnels for rodents: balls. 
toys and food enrichment treats for large animal species. 

V.5.3.2. Enrichment Restrictions: None 

VI. STUDY ,PERSONNEL Q!JALJFICATIONS AND TRAINING: 

STUDY PERSONNEL QUALIFICATIONSITRAINING 

Protocol activity or Name of person performing 
Dr•ocedure 

(DJ('IJ (b)(6) 

RiestrainUTail Shock 
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Quaflficat(ons of person 
performing activity 

(e.g .. research 
technician. 2 yrs 

e.xoerience 
Colnvestigator20yrs 

Coinvestiaator20vrs 
Colnvestigator25yrs 
Coinvesti<Jator 5vrs 
Pl - 15 years 

Spei;iric training In t11'11Js 

actlvltv or o~ocedure 

In lab: lJ'SUHS Pl 
training course, June 
2010 
In lab 
Walter Reed 
In la,b 
Colburn 
(Manufacturer); 
USUHS Pl trainina 
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I course, May 2007 

orl<bXG> _ Pr. l(b)<6) land DrJ(b)(6) _. _. lwill not be involved in the hands-on animal 
manirputations. Any new research associates or graduate students who rotate through 
the labor·atory will be added to the protocol by request for and approval of a minor 
modification to this protocol before being permitted to do any animal procedures. 

VU. BIOHAZARDS!SAFETY: To minimize exposure to animal allergeH11s when 
working with animals, la1b personnel will wear lab coats and/or scrubs, gloves and 
masks. 
VUl. JeNCLOSUR_ES; References 
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IX, ASSUIRANCES~ 

·As tihe Principal Investigator on this protocol. I acknowledge my responsibilities and 
provide assurances for the following: 

A. Animal Use: The animals authorized for use in this protocol will be used only in 
the acth1ilies and in the rnanner desctibeel herein, unless a modification Is specifically 
approved by the IAGUC prior to its implementation. 

Et Duplication of Effort: I have made a reasonable. good faith effort to ensure that 
th\s protocol is not an unnecessary dupl1cat1on of previous experiments. 

C. Statl$tical Assurance: I assure that I have consulted with an individual who is 
qualified to evalu.ate the statistical design or strategy of this proposal, and that the 
"minimum number of animals needed for scientific validity are use.d • 

0. Biohazard\S1afety: I have taken into consideration and made the proper 
coordination regarding all applicable rules and regulations concerning radiation 
protection, biosafety, recombinant issues. and so forth, in the preparation of this 
protocol. 

c. Training: I verify that the personnel performing the animal procedures I 
manipuliUiions I observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be 
caused to the animals as a result of the procedures I manipulations. 

F. Training: I verif thr:it I have attended the USUHS lm1estigatorfAnimal User 
Training cour 

Prlrmlpal hwestigator 1gnature Date 

G. Tfaii"ling: The following personnel will attend the ne:d USU HS 
Investigator/Animal User Training Course: 

tit. Responsibility; I acknowledge the inherent moral. ethical and adlrninistrative 
ob'ligations associated with the performance of this animal use protocol, and I assure 
that all individuals associated with this project will demonstrate a concern for the health, 
comfort. welfare, and well-being of the research animals. Additional!~. I pledge to 
conduct this study in the spirit of the fourth "R" that the DOD has embraced, namely, 
''Responsibility" for implementing animal use alternatives where feasible ~nd conducting 

humane and lawful resT)(lll I 
2 

-/ / - ;.J' 

~rincipal Investigator $igriaturf' Date 
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I. Painful Procedure(s): 

I am conducting biomedical experiments which may potentially cause more tl11an 
moment=t pain or distress to animals. This potential pain andlor distress 
WILL o WILL N be relievf:!d with the use of anesthetics, analgesrcs andtor 
t11anquilizers. ave considered alternatives to such procedures; however, using the 
methods and sources described in the protoool, I have determined that alterrHltive 
proc·edures are not (b)c' · · ' the: objectives of this proposed experiment. 

z. -{ I - / J 
Principal lnvesligalor Si,gnaiure 
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A. Animal Protocol Numt>Er: Pending 

13. Animal Protocol Title; Neurophysiology of Escalation of Aggression in a Rat 
Model of PTSD 

C. !Principal ~nvestigator: ji6 ,__)(6_) ____ _, 

D . . F>erfo_rmlng Otgani.utlcm: USUHS 

E. Fundirng: Dept of Defense/USU HS - O/M funds 

F. Objective and Approach: Objective is to elucidate the neurophysiology of stress 
rpN:>moted anger and aggression, particularly in PTSD; and lay the groundwork for future 
ipharmacotherapy. The approach is to measure the escalation of aggression in rats 
subjected to restrain/tail shock and sleep deprivation, the two of which of which correspond 
to the. stress and sleep disorder of PTSD. Potentiation of synaptic field potentials reeorded 
from nuclei in the basa·1 forebra1n during escalation of aggression indicate which nuclei are 
involved. Serotonin and norepinephrine pharmica are tested for efficacy in diminishing the 
tpotentiaticm in the synaptic field potentials and mitigating the escalation of aggression. 

G. lnde:lCing Terms (IG>eseriptor~U: PTSD, aggression. anger, social defeat, bullying, 
anxiety, panic, basal forebraln, amygdala, BNST, hlppocampus, prefrontal cortex, serotonin 
norepinephrihe, corticotrophin releasing factor. CRF. long~term potentiation, L TP, short 
term potenliation. STP 
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